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Introduction

White-coat hypertension (WHT), in which individuals 

exhibit high blood pressure (BP) readings in a physician’s 

office but normal BP readings at home, is common in 

young subjects1-3). The clinical consequences of WHT, 

including its prognosis, are controversial. Some evi-

dence indicates that WHT is benign4-8), whereas other 

data suggest that it increases the risk of developing sus-
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Abstract
Purpose : This study was performed to determine whether obesity is associated with white-coat 
hypertension (WHT) and sustained hypertension (SHT) in young adults.
Methods : Blood pressure (BP) was measured at home by university students (n=95) who 
exhibited BP readings ≥ 140/90 mmHg during their annual health exam and post-exam measure-
ments between 2005 and 2014. Subject characteristics and BP readings from the WHT and SHT 
groups were compared to those of normotensive (NT) subjects. 
Results : The mean body-mass index (BMI) was higher in both the WHT (p<0.05) and SHT 
groups (p<0.01) compared to the NT group, and the mean BMI in the SHT group was higher 
(p<0.01) than the WHT group. The ratio of WHT to NT subjects in the obese group (BMI ≥ 30) 
was higher than in the normal weight group (18.5 ≤ BMI < 25) (p<0.05). The ratio of SHT to 
NT subjects in the obese group was higher than in the normal weight and overweight groups (25 
≤ BMI < 30) (each, p<0.01).
Conclusion : Obesity is associated with both WHT and SHT in university students, which sug-
gests that maintaining a healthy weight is important for the management of WHT and SHT in 
young adults. 
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tained hypertension (SHT)9) and cardiovascular dis-

ease10-13).

Obesity is a well-known risk factor for hypertension, 

but the relationship between obesity and WHT is still un-

der debate. Some studies have suggested that being 

overweight or obese is a risk factor for WHT9,10,14-17) ;  

however, other studies have shown no association be-

tween BMI and WHT prevalence18,19).

The association between obesity and WHT is a critical 

issue for young adults, because obesity in young adults 

increases the risk for hypertension20), cardiovascular dis-

ease21,22) and renal disease23) later in life, suggesting that 

obese patients with WHT may need to undergo lifestyle 

changes and early interventions to prevent future dis-
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ease.

To determine whether obesity is associated with WHT 

in young adults, we retrospectively examined annual 

health checkup data and follow-up exam results in stu-

dents attending Akita University.  

Methods

Subject data collection and BP measurements 

during an annual health exam and post-exam

The subjects in this study were retrospectively en-

rolled from a total population of 44,238 students who had 

undergone an annual health exam at Akita University be-

tween 2005 and 2014. The health checkup included 

measurements of body height and weight (while wearing 

light clothing) with an automatic electronic device (WB-

510 ; Tanita, Tokyo, Japan) and BP. The body mass in-

dex (BMI) of each student was calculated as follows :  

weight in kilograms divided by the square of the height in 

meters (kg/m2). The students were divided into the fol-

lowing four groups according to NIH criteria :  under-

weight, BMI < 18.5 ; normal weight, 18.5 ≤ BMI < 

25 ; overweight, 25 ≤ BMI < 30 ; obese, BMI ≥ 

30. The first BP reading was taken using an automatic 

electronic device (HBP-9020 ; Omron, Kyoto, Japan) 

with the subject in a sitting position. When the BP was 

≥ 140/90 mmHg, a second BP reading was measured on 

the same day by a physician using a mercury sphygmo-

manometer during the physical examination, and the sec-

ond BP reading was recorded as exam BP.

Home BP measurement

Students who had an exam BP ≥ 140/90 mmHg were 

asked to return to the health center at a later date, and a 

third BP reading (post-exam BP) was obtained by a 

trained nurse using a mercury sphygmomanometer in a 

sitting position after 3 min of rest. The student was di-

agnosed with official hypertension when their post-exam 

BP was still ≥ 140/90 mmHg, and others were diagnosed 

with normotension (NT). Students with official hyper-

tension were advised to measure his/her BP at home us-

ing an automatic electronic device (ES-P101, ES-P110, 

or ES-P600 ; Omron), which was provided by the health 

center through an oral agreement. Based on the Japa-

nese Society of Hypertension 2004 guidelines, the sub-

jects were asked to measure their BP twice in the morn-

ing and twice before going to sleep at night for more than 

two weeks, and the mean values of the first measure-

ments in the morning and at night were used in this 

study. WHT was defined as having an at-home BP  

< 135/85 mmHg, both in the morning and at night ; all 

other subjects were defined as having SHT. The physi-

cian at the health center explained the at-home BP re-

sults to each subject, and the subjects were counselled 

on how to prevent hypertension with a healthy life-

style. The students were also referred to a clinic for 

follow-up when needed. This study was approved by 

the Institutional Review Board of Akita University in 

2015.

Avoidance of case overlap

Since students are required to have an annual health 

checkup every year at Akita University, the same student 

could potentially be classified into multiple groups based 

on their BP results from different years. To avoid en-

rollment overlap, the most severe post-exam BP read-

ings were used.

Exclusion criteria

Students taking medication that might affect BP, those 

with a history of renal or endocrine disease, those with a 

positive urine protein test, and those who were more 

than 30 years old were excluded from the study.

Statistics

All values are expressed as the mean ± standard devi-

ation. Significant differences among groups were exam-

ined using χ2 tests for the number of subjects, and an 

analysis of variance (ANOVA) with a Scheffe’s post hoc 

test for all other variables. A paired-t test, an unpaired-

t test and a Pearson correlation analysis were also used 

when appropriate. Statistical analyses were performed 

using StatView 5.0 (SAS Institute Inc., Cary, NC, USA).    

A p value < 0.05 was considered statistically significant.

Akita University



― 33―― 32―

秋　田　医　学 (33)

Results

Number of subjects with NT, WHT and SHT

As shown in Figure 1, 1,161 students, all of whom met 

our inclusion criteria, had an exam BP ≥ 140/90 mmHg 

during their annual health exam. Post-exam BP moni-

toring was performed for 839 of 1,161 students, after 

which 588 cases were diagnosed with NT, and 251 were 

diagnosed with official hypertension. Home BP read-

ings were obtained for 95 of 251 students, after which 58 

were diagnosed with WHT, and 37 were diagnosed with 

SHT.

Anthropometric data, exam BP and post-exam 

BP

Subject characteristics and mean exam and post-exam 

BP readings from the NT, WHT and SHT groups are 

shown in Table 1. The male to female ratio, and the 

mean age and height of the students did not differ signifi-

cantly between groups. The mean weight of the stu-

dents in the WHT and SHT groups were significantly 

higher (each, p<0.01) than the NT group, and the mean 

weight of the students in the SHT group were higher 

(each, p<0.01) than in the WHT group. The mean BMI 

of the students in the WHT and SHT groups were signifi-

cantly higher (p<0.05, p<0.01) than the NT group, and 

the mean BMI of the students in the SHT group were 

higher (each, p<0.01) than in the WHT group. The 

prevalence of individuals with NT, WHT and SHT in the 

underweight, normal weight, overweight, and obese 

groups is shown in Table 3 and depicted in Figure 2 (not 

including the underweight group). The ratio of subjects 

with WHT to those with NT in the obese group was sig-

nificantly higher (p<0.05) than the normal weight 

group. The ratio of subjects with SHT to those with NT 

in the obese group was significantly higher than that in 

the normal weight and overweight groups (each, p<0.01).

The systolic and diastolic post-exam BP readings of 

the WHT and SHT subjects were significantly higher 

(each, p<0.01) than the NT group readings, and the dia-

stolic post-exam BP readings of the SHT group subjects 

were higher (p<0.01) than the WHT group readings. In 

the NT group, the systolic and diastolic post-exam BP 

readings were significantly lower (each, p<0.01) than the 

exam BP values, while the systolic and diastolic post-ex-

am BP readings did not differ from exam BP values in the 

WHT or SHT groups.

Home BP readings

Table 2 shows the characteristics and values of both 

exam and post-exam BP readings of the subjects that did 

not measure BP at home. The mean BMI of the sub-

jects who measured BP at home did not differ from that 

of students who did not. 

Figure 1. Schematic of  the BP readings and relationships between each group. NT, normotension, BP, blood 
pressure.
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The mean home BP values are shown in Table 4. The 

systolic home BP readings taken at night in the WHT and 

SHT groups were slightly but significantly (p<0.01 and 

p<0.05) higher than those taken in the morning. The 

diastolic BP of the WHT group students was slightly but 

significantly (p<0.01) lower at night compared to the 

morning, while there was no difference in the diastolic 

BP of the SHT group students between morning and 

night. The at-home systolic and diastolic readings taken 

in the morning were highly correlated to those taken at 

night in both the WHT (r=0.800, p<0.0001 ; r=0.871, 

p<0.0001) and SHT (r=0.810, p<0.0001 ; r=0.888, 

p<0.0001) groups.

Discussion

The prevalence of WHT and SHT in university stu-

dents was found to be associated with obesity.

For an appropriate diagnosis of WHT or SHT, obtaining 

stable official BP and at-home BP readings are essen-

tial. Since BP measurement occurs during annual 

health checkups, students with hypertension revealed by 

exam BP readings were asked to return to the health 

center, and a post-exam BP reading was taken after ap-

propriate rest. As shown in Table 1, the post-exam BP 

Table 1. Characteristics of NT, WHT and SHT subjects

  NT (n = 588)  WHT (n = 58)  SHT (n = 37)

Sex (males : females) 537 : 51 53 : 5 35 : 2

Age  20.6±1.8  20.1±1.5  21.0±2.3

Height (cm) 171.7±7.3 173.6±5.7 173.1±6.1

Weight (kg)  73.2±14.4  80.1±17.7**  92.1±23.0**,##

BMI (kg/m2)  24.8±4.4  26.5±5.3*  30.7±7.0**,##

Exam BP

 Systolic 145.2±7.9 153.2±11.4** 152.6±10.6**

 Diastolic  85.2±9.6  83.8±10.8  90.2±11.6*,##

Post-exam BP

 Systolic 131.0±6.4++ 154.2±10.3** 152.7±8.7**

 Diastolic  74.6±8.4++  83.6±12.2**  91.9±11.4**,##

NT, normotension ; WHT, white-coat hypertension ; SHT, sustained 
hypertension ; BMI, body mass index ;  BP, blood pressure. All values 
represent the mean  SD.
*p<0.05 and **p<0.01 vs. NT ;  ##p<0.01 vs. WHT ;  ++p<0.01 vs. exam 
BP

Figure 2. Prevalence of individuals with NT (normo-
tension), WHT (white-coat hypertension) and SHT 
(sustained hypertension) in normal weight, overweight 
and obese subjects.
 *p<0.05 vs. the ratio of WHT/NT subjects in the nor-
mal weight group ; ##p<0.01 vs. the ratio of SHT/NT 
subjects in the normal weight group ; ++p<0.01 vs. 
the ratio of SHT/NT subjects in the overweight group.
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of the NT group subjects was significantly lower than the 

corresponding exam BP, indicating that the post-exam 

BP readings were obtained in a well-rested state. How-

ever, despite the same protocols and rest periods, there 

were no significant differences between the exam and 

post-exam BPs of WHT and SHT subjects. Therefore, 

the post-exam BP readings were regarded as representa-

tive (official). The at-home BP readings taken in the 

morning were significantly correlated with those taken at 

night in both the WHT and SHT groups, indicating that 

the at-home BP readings were also stable. The mean 

official and at-home BP readings in this study are similar 

to a previous study of BP in university students3).

Long-term follow-up studies have shown that being 

overweight or obese is a risk factor for hypertension at 

every age24-26) ; however, WHT has not been separated 

from SHT in these studies. Since a large number of 

subjects with hypertension have WHT1,2), it is reasonable 

to assume that being overweight or obese is associated 

with WHT across the age range considered in this study. 

Other reports that considered WHT separately from 

Table 2. Characteristics of subjects who did and did not measure home-BP

Measured 
(n = 95)

Unmeasured 
(n = 156)  p value

Sex (males : females) 88 : 7 142 : 14 NS

Age  20.5±1.9  20.6±2.2 NS

Height (cm) 173.4±5.8 171.8±7.1 NS

Weight (kg)  84.8±20.7  80.6±18.9 NS

BMI (kg/m2)  28.1±6.3  27.3±6.0 NS

Exam BP

 Systolic (mmHg) 153.0±11.0 151.5±12.0 NS

 Diastolic (mmHg)  86.3±11.5  86.9±9.6 NS

Post-exam BP

 Systolic (mmHg) 153.6±9.7 145.8±9.6 <0.0001

 Diastolic (mmHg)  86.8±12.5  83.1±10.4    0.0119

BP, blood pressure ; BMI, body mass index. All values represent the mean ± 
SD.

Table 3.  Prevalence of NT, WHT and SHT in underweight, normal weight, 
overweight, and obese subjects

Underweight 
(n = 18)

Normal weight
(n = 365)

Overweight
(n = 195)

Obese
(n = 105)

NT 18 (100%) 328 (89.8%) 170 (87.2%) 72 (68.6%)

WHT 0 (0%) 28 (7.7%) 16 (8.2%) 14 (13.3%)

SHT 0 (0%)  9 (2.5%)  9 (4.6%) 19 (18.1%)

NT, normotension ; WHT, white-coat hypertension ; SHT, sustained hyper-
tension.

Table 4. HBP readings of WHT and SHT subjects

WHT (n = 58) SHT (n = 37)

Systolic HBP (mmHg)

 Morning 121.2±7.1 136.6±11.1**

 Night 123.9±7.1## 139.1±10.2**,#

Diastolic HBP (mmHg)

 Morning  73.1±7.5  84.0±10.4**

 Night  71.0±8.1##  82.2±13.0**

WHT, white-coat hypertension ; SHT, sustained 
hypertension ; HBP, home blood pressure. All values 
represent the mean ± SD.
**p<0.01 vs. WHT ; #p<0.05 and ##p<0.01 vs. morning.
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SHT indicate that being overweight is related to both 

WHT and SHT in middle-aged and older individuals9,11,15), 

though little information is available for young adults.   

Helvaci et al.17) reported that the prevalence of WHT 

among young overweight adults was higher than normal 

weight adults. Ejima et al.3) showed that, in a universi-

ty-age population, individuals with SHT were more likely 

to be overweight than individuals with WHT, but they did 

not include a comparison with NT subjects. In addition, 

Saito et al.14) reported that weight control is important for 

the management of both WHT and SHT in young individ-

uals. These findings, as well as the results of the pres-

ent study, suggest that obesity is associated with both 

WHT and SHT in young adults.

Several previous studies showed no association be-

tween body weight and WHT18,19). Why these results 

differ from the results in the present study is not 

known ; however, the older age of the study populations, 

and a higher female to male ratio may account for some 

differences. In particular, the higher BMI of the NT 

group in their studies may have decreased the effects of 

obesity on WHT and SHT.  

Although it is beyond the scope of this study to consid-

er the mechanisms that connect obesity with WHT, pre-

vious studies have shown that subjects with WHT were 

more overweight and insulin-resistant than NT sub-

jects1,11). Another study reported that WHT was associ-

ated with both autonomic dysregulation and a high BMI 

compared to NT27). These findings support the results 

of the present study.

Obesity in young adults is a growing concern in public 

health, since accumulating data suggest that obesity in 

young adults is associated with increased risk for hyper-

tension, 20 cardiovascular disease21,22) and renal disease23) 

later in life. If obesity is also associated with WHT in 

young adults, patients with WHT should be recommend-

ed to maintain a normal weight, even though the long-

term prognosis of WHT is unknown. 

This study has some limitations. First, since this was 

a retrospective study, it may contain unknown selection 

biases. Second, not all cases were included.  Post-ex-

am BP measurements were obtained in only 72% of sub-

jects with exam BP hypertension, but the mean BMI of 

subjects that took at-home BP readings did not differ 

from those that did not. Third, the number of subjects 

with WHT and SHT was not large, but few university 

students have hypertension after repeated BP measure-

ments as previously reported3), and the relatively homo-

geneous population in this study is still meaningful.   

Fourth, since the number of female subjects with WHT 

and SHT was small, our results cannot be extrapolated to 

draw conclusions about young adult females. 

In conclusion, being obese was found to be associated 

with WHT and SHT in university students, suggesting 

that maintaining a healthy weight is important in the 

management of not only SHT, but also WHT in young 

adults.
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