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Background/Aims: Ascertaining the prevalence of isolated nocturnal hyperten-
sion (INHT) in the general population and identifying the characteristics of pa-
tients with INHT may be important to determine patients who should receive 24-
hour ambulatory blood pressure (BP) measurements. This study aimed to evaluate 
the prevalence and characteristics of INHT in the general population.
Methods: Of 1,128 participants (aged 20 to 70 years), we analyzed 823 who had valid 
24-hour ambulatory BP measurements and were not on antihypertensive drug 
treatment. 
Results: The prevalence of INHT in the study was 22.8%. Individuals with INHT 
had a higher office, 24-hour, and daytime and nighttime ambulatory systolic and 
diastolic BPs compared to individuals with sustained day-night normotension. 
INHT was more prevalent in individuals with masked hypertension (MH) than in 
those with sustained hypertension (59.8% vs. 15.6%, p < 0.001). Among individuals 
with INHT, 92.6% had MH. Among individuals with office BP-based prehyper-
tension, 34.5% had both INHT and MH. The prevalence of INHT was highest in 
individuals with office BP-based prehypertension. INHT was an independent 
determinant of MH after adjustment for age, sex, body mass index, diabetes, 
low-density-lipoprotein cholesterol, 24-hour systolic and diastolic BP, systolic and 
diastolic BP dipping, and systolic and diastolic BP non-dipping.
Conclusions: The present study showed that INHT is not uncommon and is a ma-
jor determinant of MH. Our findings strongly suggest the use of 24-hour ambu-
latory BP measurement for individuals within the prehypertension range of office 
BP owing to the high prevalence of INHT and MH in this population.
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Prevalence and characteristics of isolated nocturnal  
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INTRODUCTION

Masked hypertension (MH) is not uncommon in the 
general population [1], and it is associated with increased 
cardiovascular risk [2]. However, treatment strategies for 

MH are not established, and it is unclear whether the 
use of antihypertensive drugs is beneficial for MH. To 
identify patients with MH, out-of-office blood pres-
sure (BP) should be measured [3,4]. Although home BP 
measurements are helpful in the diagnosis of MH, they 
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usually do not include nighttime BP and may lead to 
the misdiagnosis of masked nocturnal hypertension, 
especially in cases of isolated nocturnal hypertension 
(INHT). Therefore, 24-hour ambulatory BP measure-
ments are needed to avoid missing INHT. 

INHT, a subtype of MH [2], is defined as elevated 
nighttime BP but with normal daytime BP, and it is as-
sociated with increased cardiovascular risk [5]. However, 
the prevalence of INHT in the general population and 
its association with MH is unclear. In addition, as INHT 
is difficult to diagnose with office or home BP measure-
ments, identifying the characteristics of patients with 
INHT may be important to determine patients who 
needed 24-hour ambulatory BP measurements.

The purpose of the present study was to evaluate the 
prevalence and characteristics of patients with INHT in 
the general population in Korea.

METHODS

The procedure for participant recruitment and the mea-
surement protocols have been described in detail else-
where [6,7]. The original study was designed to evalu-
ate the association between salt intake and BP. Briefly, 
adults from five cities in Korea were recruited using a 
representative sample of telephone numbers selected by 
list-assisted random digit dialing (LARDD) from a frame 
of all possible telephone numbers within five cities. 
From these five cities, 1,128 individuals (971 participants 
who were invited and 157 participants who were relatives 
or friends of the invited participants) were included, and 
data from 823 participants who had valid 24-hour ambu-
latory BP measurements and were not on antihyperten-
sive drug treatment were analyzed. The study protocol 
and informed consent form were approved by the In-
stitutional Review Board of each participating institu-
tion (IRB approval number of Dongguk University Ilsan 
Hospital: 2011-1 and 2012-5). All participants provided 
written informed consent. 

Office BP was measured from both arms in the sit-
ting position, three times at 1-minute intervals after a 
5-minute rest (Watch BP Office, Microlife AG, Widnau, 
Switzerland) by trained nurses, and three systolic BP 
(SBP) and diastolic BP (DBP) values were averaged for 
each arm. Ambulatory BP was measured for 24 hours 

at 30-minute intervals (Mobil-O-Graph, I.E.M. GmbH, 
Stolberg, Germany). More than 70% of the attempted 
measurements, ≥ 14 measurements during the daytime 
(00:09 AM to 9:00 PM) and ≥ 7 measurements at night-
time (00:00 AM to 6:00 AM) were regarded as valid.

Hypertension based on office BP measurement was 
defined as SBP ≥ 140 mmHg or DBP ≥ 90 mmHg in one 
of the arms. Prehypertension was defined as office SBP 
120 to 139 mmHg or office DBP 80 to 89 mmHg, and 
optimal BP as office SBP < 120 mmHg and office DBP 
< 80 mmHg [8]. Hypertension based on ambulatory BP 
measurement was defined as 24-hour averaged SBP ≥ 
130 mmHg and/or DBP ≥ 80 mmHg, and/or daytime av-
eraged SBP ≥ 135 mmHg and/or DBP ≥ 85 mmHg, and/
or nighttime averaged SBP ≥ 120 mmHg and/or DBP ≥ 
70 mmHg. Definitions of sustained hypertension (SH), 
white-coat hypertension (WH), MH, isolated daytime 
hypertension, INHT, day-night normotension, and day-
night hypertension are shown in Table 1. 

Fasting blood glucose, total cholesterol, triglyceride, 
high-density lipoprotein cholesterol, low-density li-
poprotein cholesterol, serum sodium, and potassium 
levels were measured after at least 8 hours of overnight 
fasting.

All data are presented as numbers (percentages) or as 
mean ± standard deviation. Comparisons of baseline 
data between groups were performed using the chi-
square test (categorical variables) or the analysis of vari-
ance (continuous variables). Comparison of the preva-
lence of isolated nocturnal and day-night hypertension 
between groups was compared with the chi-square test. 
To define independent determinants of MH, age, sex, 
body mass index, diabetes, smoking, low-density-lipo-
protein cholesterol, 24-hour SBP and DBP, SBP and 
DBP dipping, SBP and DBP non-dipper, and INHT 
were entered in the logistic regression analysis model. 
Individuals with WH were excluded from the group 
comparisons because of their small population. p values 
< 0.05 were considered statistically significant. 

RESULTS

The demographic and clinical characteristics of the 
study population are presented in Table 2. The prev-
alence of normotension, WH, MH, and SH was 53.1%, 
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0.6%, 35.4%, and 10.9%, respectively. The distribution of 
office BP was 53.6% (n = 441) for optimal BP, 34.9% (n = 
287) for prehypertension, and 11.5% (n = 95) for hyper-
tension. 

In the study population, the prevalence of INHT was 
22.8% with a margin of error of 2.9% points at the 95 
percent confidence level, while the prevalence of iso-
lated daytime hypertension was 3.5% with a margin of 
error of 1.3% points at the same confidence level (Table 
3). The prevalence of nocturnal hypertension was 42.8% 

with a margin of error of 3.4% points (n = 352), and that 
of daytime hypertension was 23.5% with a margin of 
error of 2.9% points (n = 193). Among individuals with 
nocturnal hypertension, 53.4% (n = 188) had INHT. In-
dividuals with INHT had a higher office, 24-hour, and 
daytime and nighttime ambulatory SBP and DBP values 
compared to individuals with day-night normotension 
(Table 3). 

The prevalence of INHT in individuals with MH was 
higher than that in individuals with SH (59.8% vs. 15.6%, 
p < 0.001). However, the prevalence of day-night hyper-
tension was lower in individuals with MH than in those 
with SH (32.0% vs. 78.9%, p < 0.001) (Fig. 1). Among indi-
viduals with INHT, 92.6% (174 of 188 subjects) had MH 

Table 1. Definition of hypertension subtypes

Hypertension by office blood pressure

Patients with office blood pressure ≥ 140/90 mmHg

Masked hypertension

Patients with office blood pressure < 140/90 mmHg and

24-Hour averaged blood pressure ≥ 130/80 mmHg and/or

Daytime averaged blood pressure ≥ 135/85 mmHg and/or

Nighttime averaged blood pressure ≥ 120/70 mmHg

White-coat hypertension

Patients with elevated office blood pressure 
 ≥ 140/90 mmHg and

24-Hour averaged blood pressure < 130/80 mmHg and

Daytime averaged blood pressure < 135/85 mmHg and

Nighttime averaged blood pressure < 120/70 mmHg

Sustained hypertension

Patients with office blood pressure ≥ 140/90 mmHg and

24-Hour averaged blood pressure ≥ 130/80 mmHg and/or

Daytime averaged blood pressure ≥ 135/85 mmHg and/or

Nighttime averaged blood pressure ≥ 120/70 mmHg

Day-night normotension

Daytime averaged blood pressure < 135/85 mmHg and

Nighttime averaged blood pressure < 120/70 mmHg

Isolated daytime hypertension

Daytime averaged blood pressure ≥ 135/85 mmHg and

Nighttime averaged blood pressure < 120/70 mmHg

Isolated nocturnal hypertension

Daytime averaged blood pressure < 135/85 mmHg and

Nighttime averaged blood pressure ≥ 120/70 mmHg

Day-night hypertension

Daytime averaged blood pressure ≥ 135/85 mmHg and

Nighttime averaged blood pressure ≥ 120/70 mmHg

Table 2. Demographic and clinical characteristics of un-
treated individuals

Characteristic Value

Number 823

Age, yr 47.5 ± 10.1

BMI, kg/m2 23.6 ± 3.1

Male sex 272 (33.0)

Smoking 265 (32.2)

Diabetes 39 (4.7)

Hypertensiona 95 (11.5)

Subtype of hypertension

Normotension 437 (53.1)

White-coat hypertension 5 (0.6)

Masked hypertension 291 (35.4)

Sustained hypertension 90 (10.9)

Office SBP, mmHg 115.9 ± 13.0

Office DBP, mmHg 74.6 ± 9.8

24-Hour SBP, mmHg 115.4 ± 11.2

24-Hour DBP, mmHg 74.9 ± 9.8

Daytime SBP, mmHg 118.5 ± 12.0

Daytime DBP, mmHg 77.7 ± 10.5

Nighttime SBP, mmHg 108.7 ± 12.4

Nighttime DBP, mmHg 69.1 ± 10.2

Values are presented as mean ± standard deviation or num-
ber (%).
BMI, body mass index; SBP, systolic blood pressure; DBP, 
diastolic blood pressure.
aBased on office blood pressure.
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(Fig. 2). Among the individuals in the prehypertension 
range of office BP (n = 287), 34.5% of subjects (n = 99) 
had both INHT and MH, and 66.2% of subjects (n = 190) 
had MH (Fig. 2). The prevalence of INHT was highest in 
individuals with office BP-based prehypertension (Fig. 
3). In individuals with an optimal office BP, 17.0% had 
INHT (Fig. 3).

In logistic regression analysis, INHT was an indepen-
dent determinant of MH (Table 4) after adjustment for 
age, sex, body mass index, diabetes, smoking, low-den-
sity-lipoprotein cholesterol, 24-hour SBP and DBP, SBP 
and DBP dipping, and SBP and DBP non-dipper. 

In the additional analysis of treated individuals who 
had valid 24-hour ambulatory BP measurements and 
were on antihypertensive medication (181 of 1,128 indi-

viduals) (Supplementary Tables 1 and 2), the prevalence 
of isolated nocturnal uncontrolled hypertension was 
not different between masked uncontrolled hyperten-
sion and sustained uncontrolled hypertension (Supple-
mentary Fig. 1). 

DISCUSSION

The present study revealed a high prevalence of INHT in 
the general population and individuals with prehyper-
tension and the contribution of INHT to MH. Our study 
seems crucial because it is the first to be conducted on 
persons in the Korean general population who were not 
on antihypertensive medication. An important finding 

Table 3. Demographic and clinical characteristics of untreated subjects with sustained normotension, isolated nocturnal hy-
pertension, isolated daytime hypertension and sustained day-night hypertension

Characteristic DNNT INHT IDHT DNHT p valuea

Number (%) 442 (53.7) 188 (22.8) 29 (3.5) 164 (19.9)

Age, yr 45.8 ± 10.0b 48.9 ± 11.3c 45.7 ± 9.3b,c 50.6 ± 8.0c < 0.001

BMI, kg/m2 22.8 ± 2.8b 24.0 ± 3.1c 24.8 ± 3.2c 24.9 ± 3.2c < 0.001

Male sex 86 (19.5) 75 (39.9) 14 (48.3) 97 (59.1) < 0.001

Smoking 144 (32.6) 72 (38.3) 9 (31.0) 40 (24.4) 0.049

Diabetes 6 (1.4) 14 (7.4) 4 (13.8) 15 (9.1) < 0.001

LDL-C, mg/dL 118.3 ± 30.9b 125.3 ± 33.5b,c 129.8 ± 37.0b,c 127.5 ± 31.8c 0.002

HDL-C, mg/dL 59.6 ± 14.5b 56.0 ± 15.0b,c 52.7 ± 14.4c 54.0 ± 15.5b,c < 0.001

Fasting blood glucose, mg/dL 92.7 ± 9.5b 99.1 ± 26.7b,c 98.4 ± 18.7b,c 101.4 ± 21.1c < 0.001

eGFR, mL/min/1.73 m2 97.3 ± 17.2b 93.5 ± 15.4c 96.9 ± 13.6b,c 94.8 ± 17.0b,c 0.047

Serum creatinine, mg/dL 0.71 ± 0.13b 0.77 ± 0.15b,c 0.77 ± 0.16c 0.80 ± 0.17c < 0.001

Office SBP, mmHg 109.3 ± 9.6b 118.7 ± 9.4c 122.0 ± 9.8c 129.4 ± 12.8d < 0.001

Office DBP, mmHg 69.1 ± 6.9b 76.8 ± 6.3c 79.7 ± 7.6c 86.1 ± 8.6d < 0.001

24-Hour SBP, mmHg 108.7 ± 7.1b 117.7 ± 6.5c 121.5 ± 6.7d 129.8 ± 9.8e < 0.001

24-Hour DBP, mmHg 68.2 ± 5.7b 77.9 ± 4.1c 80.4 ± 3.8d 88.8 ± 6.4e < 0.001

Daytime SBP, mmHg 112.1 ± 7.9b 118.3 ± 6.4c 129.7 ± 8.0d 134.3 ± 10.5e < 0.001

Daytime DBP, mmHg 71.2 ± 6.7b 78.6 ± 4.5c 88.3 ± 4.5d 92.5 ± 7.1e < 0.001

Nighttime SBP, mmHg 101.1 ± 7.5b 115.6 ± 9.0d 106.0 ± 5.6c 121.8 ± 11.7e < 0.001

Nighttime DBP, mmHg 61.7 ± 5.4b 75.6 ± 4.8d 66.3 ± 3.0c 81.9 ± 7.7e < 0.001

Values are presented as number (%) or mean ± standard deviation.
DNNT, day-night normotension; INHT, isolated nocturnal hypertension; IDHT, isolated daytime hypertension; DNHT, day-
night hypertension; BMI, body mass index; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein 
cholesterol; eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure; DBP, diastolic blood pressure.
ap value from analysis of variance (ANOVA) or chi-square test. 
b,c,d,eDifferent alphabets represent significant difference at alpha level 0.05.
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of the present study is that one-third of individuals with 
office BP-based prehypertension had INHT, and INHT 
was an independent determinant of MH, emphasizing 
the important role of 24-hour ambulatory BP measure-
ments in identifying individuals with INHT. 

INHT, a subtype of MH, was first described in 2007 
by Li et al [9]. The reported prevalence of INHT ranged 
from 6% to 13% [5,9,10]. However, the prevalence of 
INHT in the present study was 22.8%. The difference 
in prevalence between our study and previous studies 
can be explained by the ethnic diversity of diurnal BP 
patterns as suggested by Li et al [9]. In addition, the 
different definitions of nighttime and the different 
characteristics and compositions of our study popula-
tion compared to previous study populations may have 
contributed to the different prevalence rates. In our 
study, we used a fixed time interval (00:00 AM to 6:00 
AM) instead of the participant’s diary. Li et al. [9] used a 
different fixed time interval (10:00 PM to 4:00 AM), and 
Salazar et al. [10] used the patient’s diary. Salazar et al. 
[10] recruited patients who underwent ambulatory BP 
measurement for the diagnosis or treatment of hyper-
tension. We recruited our study population from the 
general population via a random method (LARDD) in 

Figure 1. Prevalence of isolated nocturnal hypertension, iso-
lated daytime hypertension, and day-night hypertension in 
individuals with masked and sustained hypertension. The 
prevalence of isolated nocturnal hypertension is higher in 
masked hypertension than in sustained hypertension. The 
prevalence of daytime-nighttime hypertension is higher in 
sustained hypertension than in masked hypertension. 

Figure 2. The overlap between subjects with prehyperten-
sion, masked hypertension, and isolated nocturnal hyper-
tension. Among those with isolated nocturnal hypertension, 
174 (92.6%) have masked hypertension. Among individuals 
within the prehypertension range of office blood pressure, 
99 (34.5%) have both isolated nocturnal hypertension and 
masked hypertension, and 190 (66.2%) have masked hyper-
tension. The numbers indicate the number of cases in each 
group.

Figure 3. Prevalence of isolated nocturnal hypertension, 
isolated daytime hypertension, and day-night hypertension 
according to office blood pressure levels. The prevalence of 
isolated nocturnal hypertension is highest in individuals 
within the prehypertension range of office blood pressure 
(34.5%). The prevalence of isolated nocturnal hypertension 
is 17.0% in those with optimal office blood pressure levels. 
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order to obtain a representative population [11]. In the 
Salazar et al. [10] study, the prevalence of office BP-based 
hypertension was 44.4%, and that of nocturnal hyper-
tension was 61.5%. In our study, the prevalence of office 
BP-based hypertension was 11.5%, and that of nocturnal 
hypertension in untreated individuals was 42.8%. The 
prevalence of INHT noted in our study may be close to 
the prevalence in the untreated general population. In 
the present study, we excluded patients on antihyperten-
sive drug treatment because the use of antihypertensive 
drugs may affect nighttime BP, although the influence 
of antihypertensive drug treatment on the prevalence of 
INHT is uncertain. 

There has not yet been much research on INHT. Al-
though the association between INHT and subclinical 
target organ damage is inconclusive [12], INHT has been 
supported to have an increased risk of cardiovascular 
morbidity and mortality. Analysis of the International 
Database on Ambulatory blood pressure in relation to 
Cardiovascular Outcomes (IDACO) showed a significant 
association of INHT with all-cause mortality and all car-
diovascular events [5]. In Chinese chronic kidney disease 
patients, INHT was associated with an increased risk for 
renal and cardiovascular events compared to nocturnal 
normotension [13]. The risk factors and useful marker 
of INHT are not determined, but older age, blunted so-
dium metabolism, increased arterial stiffness, and ob-
structive sleep apnea have been suggested as risk factors 
[14]. Among those suggested, blunted sodium metabo-
lism may be a plausible explanation. In our study pop-
ulation, individuals with INHT had significantly higher 
24-hour urine sodium-to-potassium ratio compared to 
individuals with normotension (2.9 ±1.2 vs. 3.3 ± 3.2, re-
spectively; p = 0.038 by multivariate analysis controlled 

with age, gender, body mass index, estimated glomer-
ular filtration rate, and use of diuretics), but 24-hour 
urine sodium and potassium levels in individuals with 
INHT were not different from those in individuals with 
normotension [15]. 

In the present study, among individuals with INHT, 
the majority had normotension based on office BP mea-
surement (i.e., MH). The prevalence of INHT was higher 
in individuals with prehypertension than in individu-
als within the optimal and hypertension range of office 
BP. About one-third of individuals with office BP-based 
prehypertension had INHT. These findings indicate the 
need for more active measurement of 24-hour ambula-
tory BP in this particular population.

MH has a greater association with cardiovascular 
events than normotension [16]. In the present study, 
the prevalence of MH was 35.4%, which is higher than 
in previous reports [1,17,18]. Among the participants, 
66.2% of participants with office BP-based prehyperten-
sion had MH, and 65.3% (190/291) of participants with 
MH had office BP-based prehypertension. The preva-
lence of MH in our study is different from that in the 
Masked Hypertension Study [17] and IDACO [18]. The 
difference may be due to different definitions of MH 
used in the study. The Masked Hypertension Study and 
IDACO used mean awake ambulatory BP, not 24-hour 
and nighttime ambulatory BP measurements, and mean 
awake ambulatory BP may miss individuals with INHT, 
yielding a lower prevalence of MH. In the present study, 
the prevalence of MH was 14.2% when daytime ambula-
tory BP was used as the reference standard for hyperten-
sion diagnosis (data not shown), which is similar to the 
prevalence of 14.4% and 14.0% in the untreated popula-
tions of the Masked Hypertension Study [17] and IDACO 

Table 4. Adjusted odds for the risk of masked hypertension in the untreated population.

Variable OR 95% CI

24-Hour systolic blood pressure 0.967 0.937–0.997

24-Hour diastolic blood pressure 1.176 1.131–1.222

Isolated nocturnal hypertension 67.323 35.962–126.030

Values are presented as number (%).
Stepwise multivariate logistic analysis. Variables included were age, sex, body mass index, diabetes, smoking, low density li-
poprotein cholesterol, 24-hour systolic blood pressure, 24-hour diastolic blood pressure, systolic blood pressure dipping, dia-
stolic blood pressure dipping, systolic blood pressure non-dipper, diastolic blood pressure non-dipper, and isolated nocturnal 
hypertension.
OR, odd ratio; CI, confidence interval.
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[18], respectively.
The present study emphasizes the importance of ac-

tive use of 24-hour ambulatory BP measurement, espe-
cially for people with prehypertension. Office BP mea-
surement can miss patients with MH. Measurements of 
out-of-office BP are required to diagnose MH. There-
fore, current guidelines recommend the use of out-
of-office BP measurements (home and ambulatory BP 
measurements) for the diagnosis of WH and MH [3,4]. 
Although home BP measurements are commonly used, 
ambulatory BP measurements are not widely used by 
general practitioners [19,20]. This study highlights the 
importance of 24-hour ambulatory BP measurements. 
The high prevalence of INHT in MH indicates that out-
of-office BP measurements during the daytime are not 
enough to diagnose all subtypes of MH. Home BP as-
sessment is unsuitable for measuring nighttime BP un-
less it is specially designed to measure nocturnal BP [21]. 
Therefore, 24-hour ambulatory BP measurements may 
be more advantageous than home BP measurements. 
However, 24-hour ambulatory BP measurements may 
not be applicable to all patients, but they seem necessary 
for individuals with office BP-based prehypertension 
considering the high prevalence of INHT and MH in 
these individuals. 

In terms of treatment, there have been no therapeutic 
trials for individuals with INHT. However, many stud-
ies have shown the potential benefits of antihyperten-
sive drug treatment. A meta-analysis showed that anti-
hypertensive drug treatment reduces the risk of stroke, 
congestive heart failure, composite cardiovascular dis-
ease events, and all-cause mortality in individuals with 
prehypertension and a clinical history of cardiovascular 
disease [22]. In the present study, two-thirds of those 
with office BP-based prehypertension had MH, and 
two-thirds of those with MH had office BP-based pre-
hypertension. Half of those with INHT had prehyper-
tension based on office BP. This overlap between prehy-
pertension, MH, and INHT shows the potential benefits 
of antihypertensive drug treatment for individuals with 
INHT. Therefore, further trials of antihypertensive drug 
treatment for individuals with INHT are required. 

The present study has some limitations. First, the as-
sociation between INHT and long-term cardiovascular 
risk could not be evaluated as this study was cross-sec-
tional in nature; and second, this study was only con-

ducted on the Korean population.
In conclusion, this study showed that INHT is not 

uncommon and it is an independent determinant of 
MH. The high prevalence of INHT and MH in individ-
uals with prehypertension strongly suggests the use of 
24-hour ambulatory BP measurements for individuals 
within the prehypertension range of office BP.
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Supplementary Table 1. Prevalence of isolated nocturnal, isolated daytime, daytime-nighttime hypertension according to the 
level of office blood pressure in treated individuals

Variable
Range of office BP

Optimal BP Prehypertension Hypertension

Number 53 88 40

DNNT 30 (56.6) 33 (37.5) 4 (10.0)

INUHT 15 (28.3) 25 (28.4) 12 (30.0)

IDUHT 2 (3.8) 0 1 (2.5)

DNUHT 6 (11.3) 30 (34.1) 23 (57.5)

Controlled hypertension 30 (56.6) 33 (37.5) -

White-coat controlled hypertension - - 4 (10.0)

Masked uncontrolled hypertension 23 (43.4) 55 (62.5) -

Uncontrolled hypertension - - 36 (90.0)

Values are presented as number (%).     
BP, blood pressure; DNNT, day-night normotension; INUHT, isolated nocturnal uncontrolled hypertension; IDUHT, isolated 
daytime uncontrolled hypertension; DNUHT, day-night uncontrolled hypertension.
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Supplementary Table 2. Demographic and clinical characteristics of treated individuals with sustained normotension, isolated 
nocturnal hypertension, isolated daytime hypertension and sustained day-night hypertension

Characteristic DNNT INUHT IDUHT DNUHT p valuea

Number 67 52 3 59

Age, yr 56.4 ± 7.5b,c 59.6 ± 7.0c 50.0 ± 10.1 53.5 ± 8.6b < 0.001

BMI, kg/m2 25.3 ± 3.7 25.5 ± 3.1 25.3 ± 2.5 26.4 ± 3.3 0.162

Male sex 19 (24.1) 24 (30.4) 1 (1.3) 35 (44.3) 0.006

Smoking 20 (29.4) 24 (35.3) 1 (1.5) 23 (33.8) 0.333

Diabetes 17 (50.0) 8 (23.5) 0 (0) 9 (26.5) 0.324

Total cholesterol, mg/dL 189.6 ± 36.9 186.0 ± 32.9 205.0 ± 49.9 187.8 ± 34.8 0.861

LDL-C, mg/dL 114.2 ± 36.0 113.0 ± 30.9 131.7 ± 45.5 114.9 ± 31.4 0.955

HDL-C, mg/dL 54.9 ± 13.3b 52.1 ± 12.7b,c 45.7 ± 10.4 49.1 ± 13.4c 0.048

Triglyceride, mg/dL 137.1 ± 81.6 151.3 ± 84.6 175.7 ± 63.0 184.2 ± 196.2 0.129

Fasting blood glucose, mg/dL 105.0 ± 19.1 108.0 ± 27.0 99.3 ± 10.2 106.5 ± 26.0 0.795

eGFR, mL/min/1.73 m2 91.0 ± 18.1 86.5 ± 18.5 92.5 ± 30.4 89.5 ± 13.3 0.341

Serum creatinine, mg/dL 0.8 ± 0.2 0.8 ± 0.2 0.8 ± 0.4 0.8 ± 0.2 0.045

Office SBP, mmHg 117.2 ± 11.0b 123.6 ± 13.4c 118.9 ± 17.1 129.7 ± 10.6d < 0.001

Office DBP, mmHg 72.2 ± 7.8b 78.4 ± 8.5c 74.1 ± 16.5 85.2 ± 8.0d < 0.001

24-Hour SBP, mmHg 111.9 ± 6.7b 120.1 ± 6.2c 118.8 ± 7.7 129.6 ± 7.7d < 0.001

24-Hour DBP, mmHg 69.5 ± 4.7b 79.0 ± 4.3c 76.4 ± 5.9 88.8 ± 5.9d < 0.001

Daytime SBP, mmHg 115.8 ± 7.5b 120.2 ± 6.4c 127.2 ± 8.3 132.9 ± 8.7d < 0.001

Daytime DBP, mmHg 72.7 ± 5.9b 78.9 ± 4.7c 84.9 ± 7.4 92.0 ± 6.8d < 0.001

Nighttime SBP, mmHg 103.6 ± 8.2b 117.9± 8.1c 106.2 ± 3.6 122.6 ± 10.5d < 0.001

Nighttime DBP, mmHg 63.0 ± 4.7b 77.2 ± 5.3c 63.7 ± 4.9 82.2 ± 7.7d < 0.001

Values are presented as mean ± standard deviation or number (%).
DNNT, day-night normotension; INUHT, isolated nocturnal uncontrolled hypertension; IDUHT, isolated daytime uncon-
trolled hypertension; DNUHT, day-night uncontrolled hypertension; BMI, body mass index; LDL-C, low-density lipoprotein 
cholesterol; HDL-C, high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; SBP, systolic blood pres-
sure; DBP, diastolic blood pressure.
ap value from analysis of variance (ANOVA) or chi-square test. 
b,c,dDifferent alphabets represent significant difference at alpha level 0.05.
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Supplementary Figure 1. Prevalence of isolated nighttime 
uncontrolled hypertension, isolated daytime uncontrolled 
hypertension, day-night uncontrolled hypertension in un-
treated individuals with masked and sustained uncontrolled 
hypertension. The prevalence of isolated nocturnal uncon-
trolled hypertension in masked uncontrolled hypertension 
is not different from that in sustained uncontrolled hyper-
tension. 
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