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Adolescent blood pressure (BP) is associated with the prevalence of hypertension in later life, and anthropo-
metric measures have been shown to be useful indicators for predicting hypertension. However, little is known
about their associations in Japanese young adults. Here, this study aimed to analyze the association between
BP and anthropometric measures in Japanese university students. The participants of this cross-sectional study
included 17,512 university students (12,559 males and 4,953 females) in Japan between 2011 and 2019. Abnor-
mal BP (ABP) was defined as systolic/diastolic BP above 120 and/or 80 mmHg. ABP was seen in 59.2% of males
and 16.3% of females, with the proportion in male students increasing over the nine year study period. Are-
as under receiver operating characteristics curves analysis showed that the top three predictors (and their cut-
off points) of ABP in descending order were body mass index (20.5 kg/m?), waist circumference (74.1 cm) and
chest circumference (85.4 cm) in males, and body mass index (19.8 kg/m?), body fat rate (28.5%) and chest cir-
cumference (82.4 cm) in females. The odds ratio was 2.69 (2.45-2.94) in males and 2.40 (1.96-2.95) in females
when all three measurements were higher than their cut-off points. The incidence of ABP has increased in male
university students, suggesting the need for interventions for appropriate BP control. This study suggests that
anthropometric measures in combination with body mass index might be useful for this intervention in Japanese

university students.
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INTRODUCTION

Blood pressure (BP) above 120/80 mmHg increases the risk
of morbidity due to cardiovascular and chronic kidney diseas-
es,! and these risks increase with elevation of BP. According
to the National Health and Nutrition Survey (NHNS) 2019,
the prevalence of hypertension in the 40-74 year age range
was 58.1% in males and 38.1% in females. In Japanese uni-
versity students, this prevalence was 3.2-3.7% for males and
0.2-0.4% for females, respectively. The prevalence of hyper-
tension increases with aging, and childhood or adolescent high
BP is associated with the prevalence of hypertension in lat-
er life.+9 Nevertheless, Japanese university students have few
opportunities to understand their BP because its measurement
is not required in medical checkups. Intervention for lifestyle
habits should begin in the first year of university because their
lifestyles are established during this critical period. Although it
is necessary to educate university students regarding hyperten-
sion, data on the BP of Japanese university students is limited.

Several anthropometric measures have been shown to be
associated with BP. These include body mass index (BMI),
chest circumference (CC), waist circumference (WC), hip cir-

cumference (HC), WC to HC ratio (WHR), and WC to height
ratio (WHtR). Recently, new anthropometric indices have
been suggested for evaluation of BP, such as body roundness
index (BRI), a body shape index (ABSI), body adiposity index
(BAI), abdominal volume index (AVI), and conicity index
(CI). Hypertension was previously reported to be associated
with BMI and WC in a Lithuanian adolescent population aged
12—15 years® and in older Greeks aged > 55 years.”? Adegoke
et al.® reported that hypertension is associated with WC,
WHtR, BRI and AVI in Nigerians aged > 16 years. Dzudie
et al.” also reported strong correlations between BP and WC,
WHtR and BRI in Cameroonians. In Jordanian school chil-
dren, BMI z-score and WC were found to be predictors of
BP.'9 Anthropometric measures and body indices have thus
been used to evaluate BP in various races and ages. Mean-
while, in Japanese university students, an increase in BMI was
shown to be associated with hypertension, and the group with
a greater degree of obesity among freshman to fourth-year stu-
dents had a higher incidence of hypertension.!'» However, in
Japan, the correlations between the BP of university students
and anthropometric measures and body indices have not been
adequately evaluated.
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Although previous studies have examined the association
between hypertension and anthropometric measures in the gen-
eral population, little is known about the relationships between
BP and anthropometric measures and body indices in universi-
ty students. This information would be useful for the preven-
tion of hypertension in later life. In this study, we investigated
the relationship between BP and anthropometric measures and
body indices in Japanese university students.

METHODS

Population A total of 17,512 university students (12,559
males and 4,953 females) at K university, Higashi-Osaka city,
Japan, between 2011 and 2019 were eligible for participation
in this study after excluding subjects for whom data on sex,
age, BP and anthropometric measures were missing or unclear
in a questionnaire survey conducted during a lecture at the
university. The valid response rate was 50.7% in males and
49.3% in females, respectively.

BP, Anthropometric Measures, and Body Indices Systol-
ic and diastolic BPs (SBP or DBP) were measured at heart lev-
el after 5 mins of rest in sitting position, using an automat-
ic electronic sphygmomanometer (HEM-1010; Omron Dalian
Co., LTD., Kyoto, Japan). According to The Japanese Society
of Hypertension (JSH) Guidelines,) BP was classified as fol-
lows: SBP < 120 and DBP < 80, normal BP (NBP); SBP 120—
129 and DBP < 80, high normal BP (HNBP); SBP 130-139
and/or DBP 80-89, clevated BP (EBP); SBP > 140 and/or DBP
> 90, hypertension. In this study, the combined group of HNBP,
EBP and hypertension was defined as abnormal BP (ABP).

At the same time as BP measurements, anthropometric
parameters (height, weight, CC, WC, and HC) were meas-
ured to the nearest 0.1 cm or 0.1 kg in the standing position,
with the subject wearing minimal clothing. The body fat rate
(%BF) was measured using a dual-frequency body composi-
tion Meter (DC-320 or DC-430A; Tanita Co., Tokyo, Japan).
CC was measured at the level of the nipples, WC was meas-
ured at the level of the umbilicus, and HC was measured at the
widest part around the buttocks. BMI, WHR and WHtR were
calculated using the following formulae.

_ Weight (kg)
" Height (m)? )
_wc (em)
WHR = HC (o) )
WHtR = M 3)

Height (cm)

Subjects were classified according to their BMI as: < 18.5 kg/m?,
underweight; 18.5 < to < 25.0 kg/m2, normal; and > 25.0 kg/m2,
obese. The body indices including BRI,'» ABSI,!» BAI,4
AVL™ and CI'® were calculated using the following formula.
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Statistical Analysis Student’s t-test was performed to
compare BP, anthropometric measurements and the body indi-
ces between males and females. Receiver operating character-
istic (ROC) curve analysis was performed to assess the pre-
dictive performance of the anthropometric measurements and
body indices for ABP by calculating the areas under curves
(AUC). The sensitivity and specificity of each anthropomet-
ric measurement and body indices were also determined using
ROC analysis. The maximum value of Youden’s index (sen-
sitivity + specificity — 1) was considered as the optimal cut-
off point for each anthropometric measurement and the body
indices, and the participants were classified into high and
low groups based on each cut-off point. The top three anthro-
pometric measurements with the highest AUCs were com-
bined to create eight new categories as: All, WC-CC, BMI-
CC, BMI-WC, CC, WC, BMI and None in males; and All,
%BF-CC, BMI-CC, BMI-%BF, CC, %BF, BMI and None in
females. Classification into these eight categories was based
on whether the subjects were included in the high or low
groups for each anthropometric measurement. For example,
the All group included subjects in whom BMI, WC (%BF in
females) and CC were all elevated, and the None group was
defined as those in whom none of the parameters of BMI, WC
(%BF in females) and CC was elevated. Multivariate logistic
regression analysis was performed using these categories with
the None group as the reference group. Statistical analyses
were performed using JMP Pro, version 15.0.0 (SAS Institute
Inc., Cary, NC, USA). A p-value of less than 0.05 was consid-
ered significant.

Ethical Consideration This study protocol was approved
by the Research Ethics Committee of Kindai University
(approved ID: 08-001, 12-033, and 15-072), and all partic-
ipants provided written informed consent. The participants
were informed of the following: this data would only be used
for research on antiaging or prevention of lifestyle-related dis-
eases; participation in this survey was voluntary; participants’
privacy would be guaranteed.

RESULTS

The number of male students who were classified as NBP,
HNBP, EBP and hypertension during the study period was
5,128 (40.8%), 3,569 (28.4%), 2,631 (20.9%) and 1,231
(9.8%), while the numbers in female students were 4,145
(83.7%), 463 (9.3%), 317 (6.4%) and 28 (0.6%), respective-
ly. Figure 1 shows the proportion of the different BP classifi-
cations in male and female students every year between 2011
and 2019. The prevalence of NBP declined over time in both
male and female students, and the prevalence was lower in
2019 (27.5% and 78.3%) than in 2011 (51.6% and 85.1%).
The prevalence of hypertension in male and female students
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Fig. 1. Blood Pressure Distributions in (A) Male and (B) Female Students

ranged from 7.4-12.4% and 0.3-0.9%, respectively, and the
prevalence of ABP tended to increase over time.

Table 1 shows the comparison of BP, anthropometric meas-
ures and body indices in males and females. The mean age
+ standard deviation (SD) of the students was 18.5 + 0.8 in
males and 18.4 £ 0.7 in females, and the proportion of first-
year students was 93.5% overall. Regarding anthropomet-
ric measures, the number of male students who were classi-
fied as underweight, normal and obese was 1,814 (14.4%),
9,893 (78.8%) and 852 (6.8%), respectively, while the num-
bers in female students were 983 (19.8%), 3,864 (78.0%) and
106 (2.1%), respectively. Mean %BF was significantly high-
er in female students than in male students, with a difference
of approximately 10%. Mean CC and WC were significantly
larger in male than in female students, while the opposite was
true for HC. Regarding body indices, mean values of ABSI,
AVT and CI were significantly higher in male than in female
students, while the opposite was true for BAI. Mean BRI did

not differ significantly between males and females. Regarding
BP, SBP and DBP were significantly higher in males (122.3/
68.4 mmHg) than in females (107.9/64.3 mmHg), with a dif-
ference of approximately 15 mmHg in SBP.

The results of ROC curve analyses, AUC, cut-off point, sen-
sitivity, specificity and odds ratios of anthropometric measures
and body indices for ABP in Japanese university students are
presented in Table 2 and Fig. 2. The AUCs of anthropometric
measures and body indices for ABP were less than 0.7, indicat-
ing a poor predictive performance. Univariate logistic regres-
sion analysis showed that the top three AUCs of anthropomet-
ric measures for ABP in descending order were of BMI, WC
and CC in male students, and BMI, %BF and CC in female
students. In both male and female students, among anthro-
pometric measures, BMI had the highest predictive perfor-
mance, with sensitivities/specificities of 58.7%/58.5% in males
and 66.6%/47.0% in females. The cut-off point of BMI was
20.5 kg/m? in males and 19.8 kg/m? in females, and this value

Table 1. Comparison of Blood Pressure, Anthropometric Measures and Body Indices in Males and Females

Total Male Female p-value
Number of students (%) 17,512 12,559 (71.72) 4,953 (28.28)
Age (years) 18.5 + 0.8 18.5+0.8 18.4 £ 0.7 < 0.001%**
Height (cm) 168.0 £ 7.9 171.8 £ 53 158.6 + 4.9 < 0.001%**
Weight (cm) 58.8 +£8.9 61.8+79 51.0 + 5.8 < 0.001%**
SBP (mmHg) 1182 £ 13.5 1223 +12.3 107.9 + 10.6 < 0.001%**
DBP (mmHg) 673 +£9.1 68.4 £9.0 64.3 £ 8.5 < 0.001%**
BMI (kg/m?) 208 £2.4 21.0+2.5 203 + 2.1 < 0.001%**
%BF (%) 18.6 £ 6.3 159 +4.7 254 +45 < 0.001%**
CC (cm) 842 +5.5 849 +£5.6 824+ 4.6 < 0.001%%**
WC (cm) 729 £ 6.7 744 £ 6.5 68.9 £ 5.6 < 0.001%**
HC (cm) 89.5+5.9 89.4 £ 6.2 89.7 + 5.0 0.006**
WHR 0.82 + 0.07 0.83 = 0.06 0.77 £ 0.05 < 0.001%**
WHIR 0.43 + 0.04 0.43 £ 0.04 0.43 £ 0.04 0.047*
BRI 2.23 £ 0.63 2.23 £ 0.65 2.24 + 0.60 0.107
ABSI (m'"%/kg*?) 0.075 £+ 0.004 0.075 £ 0.004 0.074 + 0.004 < 0.001%**
BAI 23.22 £3.75 21.75 £2.97 26.94 £ 2.82 < 0.001%**
AVI (cm?) 10.93 + 1.96 11.34 £ 1.96 9.88 + 1.49 < 0.001%***
CI (m**/kg'"?) 1.13 £ 0.06 1.14 = 0.06 1.12 £ 0.07 < 0.001%**

Mean + standard deviation. SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index; %BF: body fat rate; CC: chest
circumference; WC: waist circumference; HC: hip circumference; WHR: waist to hip ratio; WHtR: waist to height ratio; BRI: body roundness index; ABSI:
a body shape index; BAI: body adiposity index; AVI: abdominal volume index; CI: conicity index. ***p < 0.001, **p < 0.01, *p < 0.05. p-value: statistical

significance obtained using Student t-test.
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Table 2. Univariate Analysis of Anthropometrics and Body Indices for Abnormal Blood Pressure in Japanese University Students
Univariate logistic regression analysis Likelihood ratio test
AUC Cut-off Sensitivity Specificity ~ Youden index OR (95% CI) p-value
Male
BMI (kg/m?) 0.616 20.5 58.7 58.5 0.172 2.00 (1.86-2.15) < 0.001%**
%BF (%) 0.595 16.2 49.4 64.6 0.141 1.79 (1.66-1.92) < 0.001%**
CC (cm) 0.604 85.4 48.6 66.4 0.150 1.87 (1.74-2.01) < 0.001%**
WC (cm) 0.607 74.1 51.5 64.3 0.158 1.91 (1.78-2.06) < 0.001***
HC (cm) 0.591 89.2 57.1 56.2 0.133 1.71 (1.59-1.83) < 0.001%**
WHR 0.544 0.83 47.9 58.8 0.067 1.31(1.22-1.41) < 0.001%**
WHtR 0.594 0.43 52.4 61.4 0.138 1.75 (1.63-1.88) < 0.001%**
BRI 0.594 2.15 52.4 61.4 0.138 1.75 (1.63-1.88) < 0.001***
ABSI (m'"*/kg*?) 0.505 0.073 31.7 69.8 0.015 0.93 (0.86-1.01) 0.072
BAI 0.565 22.33 45.7 63.6 0.092 1.46 (1.36-1.58) < 0.001%***
AVI (cm?) 0.608 11.13 53.1 63.1 0.162 1.94 (1.80-2.08) < 0.001***
CI (m*/kg'"?) 0.541 1.15 38.6 68.2 0.068 1.35(1.25-1.45) < 0.001%**
Female
BMI (kg/m?) 0.590 19.8 66.6 47.0 0.136 1.77 (1.51-2.07) < 0.001%***
%BF (%) 0.586 28.5 332 78.9 0.121 1.85(1.57-2.19) < 0.001%**
CC (cm) 0.586 82.4 60.0 53.3 0.134 1.72 (1.47-2.00) < 0.001%**
WC (cm) 0.559 69.7 47.2 61.1 0.083 1.40 (1.21-1.63) < 0.001%**
HC (cm) 0.563 91.9 42.7 67.5 0.102 1.54 (1.32-1.80) < 0.001%**
WHR 0.525 0.73 77.5 26.9 0.044 1.27 (1.06-1.52) 0.008**
WHtR 0.551 0.45 37.9 69.8 0.077 1.41 (1.21-1.65) < 0.001***
BRI 0.551 2.45 37.9 69.8 0.077 1.41 (1.21-1.65) < 0.001%**
ABSI (m'"¢/kg*?) 0.535 0.074 60.2 47.5 0.076 0.74 (0.63-0.86) < 0.001%**
BAI 0.541 28.00 40.5 66.4 0.069 1.34 (1.15-1.56) < 0.001%**
AVI (cm?) 0.561 10.29 42.0 67.3 0.092 1.49 (1.27-1.73) < 0.001***
CI (m*/kg'?) 0.507 1.14 67.0 36.0 0.029 0.88 (0.75-1.03) 0.113

OR: odds ratio; 95% CI: 95% confidence interval; BMI: body mass index; %BF: body fat rate; CC: chest circumference; WC: waist circumference; HC: hip
circumference; WHR: waist to hip ratio; WHtR: waist to height ratio; BRI: body roundness index; ABSI: a body shape index; BAI: body adiposity index;
AVI: abdominal volume index; CI: conicity index. ***p < 0.001, **p < 0.01. The likelihood ratio test was performed by classifying the sex specific cutoff

points of anthropometric measures and body indices.

was within the normal range of BMI. The cut-off points of CC
and WC were higher in male than female students, whereas
that of %BF and HC were higher in female students with dif-
ferences of approximately 12% and 2 cm. The top three AUCs
of body indices for ABP in descending order were AVI, BRI
and BAI in both male and female students. In both male and
female students, AVI had the highest predictive performance
among the body indices, with sensitivities/specificities of
53.1%/63.1% in males and 42.0%/67.3% in females. The cut-
off point of AVI was 11.13 in males and 10.29 in females. The
AUC:s of all anthropometric measures and body indices were
higher in male than in female students. The likelihood ratio
test showed a significant positive association between ABP
and the anthropometric measures or body indices, except for
ABSI in male students and ABSI and CI in female students.
The highest odds ratio (95% confidence interval: 95% CI)
was of BMI in male students and %BF in female students, with
values of 2.00 (1.86-2.15) and 1.85 (1.57-2.19), respectively.
Table 3 shows the results of multivariate logistic regres-
sion analysis of ABP and anthropometric measures. In male
students, all seven categories were significant independent
risk factors for ABP, and the top three odds ratios (95% CI)
were 2.69 (2.45-2.94) for All, 1.73 (1.47-2.04) for BMI-CC,
and 1.68 (1.46-1.93) for BMI-WC, respectively, compared to
the None group. In female students, All, BMI-CC and BMI-
%BF were significant independent risk factors for ABP, with
odds ratios of 2.40 (1.96-2.95), 1.69 (1.36-2.09) and 2.01
(1.29-3.13), respectively, compared to the None group. The

model of p-value in male and female students was < 0.001.
The odds ratios tended to increase with an increase in the
number of factors in the categories.

DISCUSSION

In our study, the prevalence of hypertension was 7.4—-12.4%
in male students and 0.3-0.9% in female students, and the
proportion of students who were classified as NBP tended to
decline over the 9-year study period. According to the NHNS,»
the prevalence of hypertension was 4.7-12.0% in males
aged 20-29 years and 0.0-3.2% in females aged 20-29 years
between 2011 and 2019. A previous study reported the prev-
alence of hypertension in Japanese university students as
3.2-3.7% in males and 0.2-0.4% in females between 2015 and
2017.» The prevalence of hypertension in our study was, there-
fore, similar to that reported in previous studies. Additional-
ly, the JSH 2019 estimated that approximately 14 million peo-
ple are unaware that they have hypertension and 4.5 million
are untreated despite disease awareness.) The hypertensive una-
ware subjects and those untreated despite awareness are likely
to be younger (20-39 years).!? Meanwhile, the JSH 2019 sug-
gests that BP should be controlled to < 120/80 mmHg because
of greater cardiovascular risks with increases in BP.D In our
study, the proportion of students who were classified as NBP
was 40.8% in males and 83.7% in females, although the pro-
portion of male students with NBP decreased over the study
period. This could be related to the changes in lifestyle habits
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Fig. 2. ROC Curves for Abnormal Blood Pressure of each Anthropometric Measure and Body Indices

of university students when they enter university, which might
affect their BP. These previous studies and our results suggest
that interventions for appropriate control of BP are needed in
university students.

In this study, the group of HNBP, EBP and hypertension
was defined as ABP, because BP should ideally be maintained
at < 120/80 mmHg. Our study revealed that BMI has a dis-
criminatory power for ABP in university students, although its
utility as a predictive factor for ABP differs between males and
females. A previous meta-analysis reported that BMI, WC and
WHIR have equal degrees of correlation with hypertension.'®
In previous studies, the cut-off points of BMI for predicting
hypertension or a BP of > 130/85 mmHg were 23.5-27.2 kg/m?
in males and 23.2-28.4 kg/m? in females in Chinese,!*2%
European,?) and Nigerian® populations. Similarly, the cut-off
points of the WC were 84.5-98.0 cm in males and 78.2-90.5 cm
in females in Chinese,!*2) European,?) and Nigerian® popula-
tions. In our study, the cut-off points of BMI and WC were
20.5 kg/m? and 74.1 cm in males and 19.8 kg/m? and 69.7 cm
in females, respectively, which are lower than those in the pre-
vious studies. These findings suggest that the set cut-off points
need to consider age and race. On the other hand, the JSH
2019 suggests that BMI should be maintained at < 25 kg/m?
for the prevention of hypertension.” Additionally, a WC of
> 85 cm in males and > 90 cm in females, which are equiva-
lent to a visceral fat area of 100 cm?2, have been used as a crite-
rion for metabolic syndrome.?» These cut-off points are, how-

ever, controversial because the values are set lower in males
than in females. The cut-off points in our study were low-
er than those in the previous studies.!?» Although the optimal
cut-off points of BMI and WC remain controversial, new cut-
off points for young adults need to be established.

Regarding the other anthropometric measures, a previous
study reported that WHtR is a better predicter of hypertension
than the other indices in some cases.'® The AUC of WHtR in
our study was lower than those of other anthropometric meas-
ures and body indices. These differences between previous
studies and our results might be attributed to the special popu-
lation of Japanese university students. On the other hand, our
study indicated that %BF and CC might be associated with BP
in female university students. The association between BP and
CC remains unclear, and further research is needed to confirm
this association. Previously, the AUC of %BF was reported as
being higher in females than in males, and %BF was consid-
ered to be a useful predictor of hypertension in females.'”) The
cut-off points of %BF for predicting hypertension or a BP of
> 130/85 mmHg were described as 24.25-26.10% for males and
33.65-36.80% for females,!*29 and these values were higher
than in our study. In another study, %BF was significantly asso-
ciated with the prevalence of hypertension?® and was an indi-
cator to predict hypertension.!? Our results suggest that %BF
might also be a useful predictor of BP in the Japanese popula-
tion. Multivariate logistic regression analysis revealed that the
odds ratio of the All group was the highest among all catego-
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Table 3. Multivariate Logistic Regression Analysis of ABP and Anthropometric Measures

Compared to the cut-off

wWC OR (95% CI) -value
BMI e cc P
Male
All High High High 2.69 (2.45-2.94) < 0.001***
wcC-CcC Low High High 1.38 (1.10-1.74) 0.006**
BMI-CC High Low High 1.73 (1.47-2.04) < 0.001%**
BMI-WC High High Low 1.68 (1.46-1.93) < 0.001%**
CC Low Low High 1.40 (1.18-1.66) < 0.001***
wC Low High Low 1.22 (1.03-1.44) 0.024*
BMI High Low Low 1.52 (1.33-1.74) < 0.001%**
None Low Low Low Ref. Ref.
Female
All High High High 2.40 (1.96-2.95) < 0.001***
%BF-CC Low High High 0.75 (0.10-5.87) 0.782
BMI-CC High Low High 1.69 (1.36-2.09) < 0.001%**
BMI-%BF High High Low 2.01(1.29-3.13) 0.002**
CcC Low Low High 1.24 (0.91-1.69) 0.183
%BF Low High Low 0.36 (0.05-2.66) 0.314
BMI High Low Low 1.21 (0.92-1.59) 0.164
None Low Low Low Ref. Ref.

The explanatory variables were used the BMI, WC and CC for males and the BMI, %BF and CC for females. OR: odds ratio; 95% CI: 95% confidence
interval; BMI: body mass index; %BF: body fat rate; CC: chest circumference; WC: waist circumference; HC: hip circumference. ***p < 0.001, **p < 0.01,
*p < 0.05. p-value: statistical significance obtained using the multivariate logistic regression analysis.

ries. Additionally, BMI, WC (%BF) and CC were significant-
ly associated with ABP in males, while there was no signifi-
cant association in females. Additionally, BMI-WC (%BF) and
BMI-CC were significantly associated with ABP in both male
and female students. These results suggest that the incidence
of ABP is increased when two or more factors among BMI,
WC (%BF) and CC are higher than the cut-off points.

A meta-analysis reported that BRI has greater discriminato-
ry ability for hypertension in adults from different populations
compared to ABSI, BMI, WC and WHtR.2% The cut-off points
of BRI for predicting hypertension or a BP of > 130/85 mmHg
have been reported as 2.80—4.69 in males and 2.60-6.05 in
females, while those of ABSI were 0.0765—-0.083 in males
and 0.0742-0.0845 in females, respectively.®202125 The cut-off
points of BRI in our study were lower than those in previous
studies, whereas those of ABSI did not vary between our study
and previous studies. The AUCs in our study tended to be
higher for the anthropometric measures rather than for BRI or
ABSI, unlike in previous studies.®20212% This might reflect the
difference in classification of BP between our study and previ-
ous studies. Although the odds of hypertension were reported
to be elevated by 13% with an increase in ABSI by one SD,2®
a negative correlation was observed between ABSI and ABP
in our study. We could not determine a plausible biological
mechanism that could explain this negative correlation. ABSI
is considered to be an inappropriate predictor of hypertension
because it is clustered closely around the mean with a small
variance, resulting in it being difficult to set cut-off points.2®
Regarding other body indices, AVI had the highest AUC
among BAI, AVI and CI in a previous study,® which is simi-
lar to the result of our study. Additionally, the cut-off points of
these body indices did not vary between our study and the pre-
vious study. The association between BP and these body indi-
ces, thus, remains unclear, and further research is needed to
confirm this association. Our findings suggest that BRI and
AVI have some discriminatory ability for ABP, although this

ability is lower than that of BMI.

Our study has several limitations. First, our study was a
cross-sectional study, which cannot provide causal inference
between BP and anthropometric measures and mechanistic
explanations. Second, information on the exercise and meal
habits of the participants was not obtained, and the potential
confounding effects of these variables could not be adjusted.
Nevertheless, this limitation is considered to be compensated
by the relatively large sample size of our study. Third, ABP
was defined as > 120/80 mmHg, which could have resulted in
lower estimated cut-off points. However, the definition of ABP
of > 120/80 mmHg is important for university students in con-
sideration of the risk of hypertension in later life. Although
some of the predictive abilities revealed in this study were
weak, the association between ABP and anthropometric meas-
ures in Japanese university students is useful information. To
the best of our knowledge, this is the first study to show the
current status of BP, anthropometric measures and body indi-
ces, and to evaluate the association between BP and anthropo-
metric measures and body indices in Japanese university stu-
dents. Here, we provide new evidence for the management of
BP and body shape in Japanese university students.

In conclusion, in our study, we investigated the current status
of BP and evaluated the association between BP and anthropo-
metric measures and body indices in Japanese university stu-
dents. The proportion of students who were classified as NBP
was 40.8% in males and 83.7% in females, and the proportion
of male students with NBP decreased over the nine-year study
period. BMI, WC and CC had discriminatory power for ABP
in male university students, while BMI, %BF and CC had dis-
criminatory ability in females. Among these three measure-
ments, the probability of developing ABP might be higher in
subjects in whom two or more of the factors show values high-
er than the cut-off points. Additionally, although body indices
such as the BRI, ABSI, BAI, AVI and CI also had some dis-
criminatory ability for ABP, their ability was lower than those
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of BMI. These findings suggest that interventions for BP con-
trol are needed in university students, and anthropometric
measures might be a useful part of such interventions.
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