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Abstract
Background: Limited evidence exists regarding the relationship between central-to-peripheral fat ratio measured by
dual-energy X-ray absorptiometry (DXA) and subsequent cardiometabolic risk in both pediatric and adult populations.
Methods: The present cohort study investigated the relationship between DXA-measured body fat distribution and
cardiometabolic parameters. The source population was 275 4th–6th graders (aged 9.6–12.6 years) in the northeast region
of Japan (Shiokawa area in Kitakata). A 3-year follow-up was conducted to obtain complete information from 155 normalweight children (87 boys and 68 girls). Normal-weight children were identified using sex- and age-specific international
cut-offs for body mass index (BMI) based on adult BMI values of 25 kg/m2 and 18.5 kg/m2, respectively. Body fat
distribution was assessed using the trunk-to-appendicular fat ratio (TAR) and trunk-to-leg fat ratio (TLR) measured by DXA.
Results: In boys, systolic blood pressure (SBP) at follow-up showed a significant relationship with TAR at baseline after
adjusting for age, height, pubic hair appearance, SBP, and whole body fat at baseline (β = 0.24, P < 0.05), and SBP also
showed a significant relationship with TLR after adjusting for confounding factors including whole body fat (β = 0.25, P <
0.05). In girls, there were no significant relationships between blood pressure and TAR/TLR.
Conclusion: Body fat distribution in normal-weight boys predicted subsequent blood pressure levels in adolescence. The
relationship between fat distribution and blood pressure was independent of fat volume.
Keywords: Body fat distribution, Blood pressure, Children, Densitometry, Epidemiology

Background
Excessive body fat accumulation is typically referred to
as obesity and can impair health. Weight-based indices,
such as body weight and body fat mass, are useful tools
for assessing cardiometabolic risks in both children and
adults [1]. On the other hand, some individuals are not
obese by body weight, but are predisposed to type 2
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diabetes, hypertension, and premature coronary heart disease [2]. Such normal-weight individuals with cardiometabolic risks are very common in the general population [2].
These individuals likely have significant excess visceral adipose tissue and are often referred to as metabolically obese,
normal-weight (MONW) individuals [3, 4]. Visceral adiposity, rather than subcutaneous fat, has been considered to
play a key role in cardiometabolic disease [5, 6]. However,
individuals with high visceral fat tend to also have high subcutaneous fat, and this strong correlation between visceral
fat and subcutaneous fat [7] interferes with the assessment
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of the independent effect of each regional fat mass on cardiometabolic disease in epidemiological studies.
Weight-independent indices such as waist-to-hip circumference ratio have been found to predict cardiometabolic risk factors [8–11]. Since waist circumference
includes both the visceral and subcutaneous fats and hip
circumference mainly includes subcutaneous fat, the
waist-to-hip circumference ratio reflects visceral fat mass
[8, 10]. The waist-to-hip circumference ratio may account for the characteristics of MONW individuals who
suffer from metabolic complications [4]. However, as the
waist-to-hip circumference ratio is an indirect index of
adiposity, it cannot distinguish fat mass from fat-free
mass and bone mass.
Dual-energy X-ray absorptiometry (DXA) allows for
precise and accurate measurement of fat mass in the
whole body and each body region (arm, leg, and trunk)
[12]. DXA scanning was primarily developed for the
diagnosis of osteoporosis, and its use has been extended
to soft tissue composition measurement with low radiation exposure [12]. Trunk-to-peripheral fat ratio measured by DXA is a weight-independent parameter that
can serve as an index of body fat distribution [13–21].
Trunk fat includes both visceral and subcutaneous fat,
whereas peripheral (i.e., arm or leg) fat does not include
visceral fat. Thus, the ratio of trunk-to-extremity (peripheral) fat has been reported to be a good indicator of
visceral fat [15] and may reveal the relative impact of
visceral to subcutaneous fat with regard to cardiometabolic risks [21]. Trunk-to-peripheral fat ratio measured
by DXA may be able to characterize the profiles of
MONW individuals.
Trunk-to-peripheral fat ratio (i.e., the trunk-to-leg fat
ratio [TLR] and trunk-to-appendicular fat ratio [TAR])
measured by DXA at age 11 has been reported to predict
blood pressure (BP) at age 14 in community-dwelling
children in the central region of Japan (Hamamatsu City,
Shizuoka), and that it is also meaningful for assessing
body fat, particularly in underweight children [22]. Even
among those who are not overweight or obese, fat distribution measured by DXA seems to be associated with
cardiometabolic risk factors in childhood [23]. It may be
important to consider body fat distribution in addition
to body fat mass to assess cardiometabolic risks [23].
However, subjects in the previous study conducted in
Hamamatsu had a narrower age range (11 years old at
baseline) [22]. In addition, this study was unable to obtain data on potential confounders such as dietary intake
and exercise [22]. Currently, no other cohort studies
have examined DXA-measured trunk-to-peripheral fat
ratio in relation to subsequent cardiometabolic risk in
pediatric and adult populations, or whether it can serve
as a valuable early indicator of cardiometabolic risk in
childhood [23]. The present cohort study investigated

Page 2 of 9

the relationship between DXA-measured trunk-toperipheral fat ratio at age 9.6–12.6 and cardiometabolic parameters at age 12.3–15.3 in normal-weight children in the
northeast region of Japan (Kitakata City, Fukushima),
adjusting for confounding factors including whole body fat.

Methods
Study population

The present study is part of the Kitakata Kids Health
Study, which has been conducted every 3 years since
2001 in the Shiokawa area of Kitakata City, Fukushima,
Japan [24, 25]. The city is located in the northeast region
of Japan (139° east longitude and 37° north latitude).
The source population was all 4th–6th graders (275 students: 148 boys and 127 girls; age range, 9.6–12.6 years)
who were enrolled in four public elementary schools in
Shiokawa in November 2013. As there are no other
schools in this area, almost all children living in the area
are enrolled in these schools. Among the 275 students,
255 (136 boys and 119 girls) participated in the baseline
survey in November 2013 and provided information for
DXA-measured body fat parameters and confounding
factors. A follow-up survey was conducted in July 2016
to obtain information on BP and blood samples. We obtained complete information at both baseline and
follow-up surveys from 218 students (followed-up population, 99 girls and 119 boys). Normal-weight children
(study population, 68 girls and 87 boys) were identified
from the followed-up population using body mass index
(BMI) cut-offs at the baseline survey. Body weight,
height, and waist circumference were measured in light
clothing with no shoes. BMI (kg/m2) was calculated as
weight (kg) divided by height squared (m2). Overweight
and underweight children were identified using sex- and
age-specific international cut-offs of BMI based on adult
BMI values of 25 kg/m2 and 18.5 kg/m2, respectively.
This determination was made using the standardized
centile curves of BMI [26, 27].
Measurement of whole body and regional fat

Whole body and regional fat parameters were determined with a single DXA scanner (QDR-4500A; Hologic
Inc., Bedford, MA, USA) mounted on a mobile examination car at each elementary school. A single experienced medical radiology technician performed and
analyzed scans for all participants. Quality control
checks of the DXA scanner were completed on a daily
basis using the step phantom. Participants were asked to
wear light clothing, remove all metal objects from their
body (jewelry, belts, snaps, underwire bras), and lay
down on their back on the scanner table. After scanning
was completed, a total-body posterior-anterior scan
image was obtained. Using the total-body image, scan
analysis for each regional body fat was performed. Arm,
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leg, and head regions were isolated from the trunk region
using the following standard manufacturer-recommended
methods [22, 28]: (a) the head region was distinguished
from the trunk region with the horizontal shoulder line
just below the chin, (b) arm regions were detected by the
vertical shoulder line bisecting the shoulder joints, and (c)
leg regions were separated from the trunk region including the pelvic region using angled cut lines bisecting both
femoral necks. Two angled lines and a horizontal line just
above the iliac crest defined the pelvic-triangle area in a
posterior-anterior body image. TAR and TLR were calculated as ratios of trunk-to-peripheral fat [20]. Appendicular fat was calculated as the sum of arm fat and leg fat.
TAR was calculated as trunk fat divided by appendicular
fat, and TLR as trunk fat divided by leg fat.
Measurement of BP and blood samples

Before blood sampling, a single experienced physician
measured systolic blood pressure (SBP) and diastolic
blood pressure (DBP) using an automated device (BP103i2; OMRON COLIN, Tokyo, Japan) with an appropriate cuff size based on the upper arm circumference of
each participant [29]. BP measurement was performed
with participants in a quiet, sitting position for 5 min,
with their back and left arm supported and both feet on
the floor, at an appropriate ambient temperature as previously described [22]. The mean value of the two measurements was used for analysis. Non-fasting blood
samples were collected by nurses. Total cholesterol (TC) in serum was measured enzymatically using a commercially available kit (T-CHO-P·KL; Sysmex Co. Ltd.,
Kobe, Japan). Low-density lipoprotein cholesterol (LDLC) and high-density lipoprotein cholesterol (HDL-C) in
serum were measured by the direct method using commercial kits (Cholestest LDL and Cholestest N HDL;
Sekisui Medical Co. Ltd., Tokyo, Japan). Hemoglobin
A1c (HbA1c: National Glycohemoglobin Standardization
Program) in the whole blood was measured by latexagglutination test using a commercial kit (RAPIDIA®
Auto HbA1c-L; Fujirebio Inc., Tokyo, Japan).
Food frequency questionnaire (FFQ) and other
questionnaire surveys

Dietary nutrient intake was estimated using a previously
validated FFQ [30]. The questionnaire includes 3 to 5
grades of the frequency of food intake for each food
item. Participants with parents/guardians chose one of
the grades in the questionnaire beforehand. Responses
to the questionnaire were verified by trained dieticians
during interviews with participants. Intakes of nutrients
and energy were estimated by the grade of frequency
multiplied by relevant coefficients based on Japanese
food composition.
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Information regarding pubic hair appearance, time
spent doing exercise, and time spent doing sedentary
activities (e.g., watching television, playing video games,
using a mobile phone, and using a computer) was also
obtained using a self-reported questionnaire comprising
multiple-choice single-answer questions. Participants
with parents/guardians were allowed to choose only
one of the predefined options (pubic hair appearance:
3rd grade, 4th grade, 5th grade, 6th grade, or no appearance; exercise: < 1 h/day, ≥ 1 and < 1.5 h/day, ≥ 1.5
and < 2 h/day, or ≥ 2 h/day; sedentary behavior: < 1 h/
day, ≥ 1 and < 2 h/day, ≥ 2 and < 3 h/day, ≥ 3 and < 4
h/day, ≥ 4 and < 5 h/day, or ≥ 5 h/day). Their responses
were verified by trained health care nurses through
interviews.

Statistical analysis

To assess sample bias created by drop-out cases during
the 3-year follow-up period, comparisons between baseline characteristics of followed-up and dropped-out populations at the baseline survey were performed using
unpaired t test or Mann-Whitney U test. Analysis of
variance was used to evaluate differences in TAR/TLR
and blood pressure among groups stratified by age. Simple linear regression analysis was performed to assess
trends in TAR/TLR and blood pressure from the lowest
to highest age group. For normal-weight children, simple
regression analysis was used to examine the relationship
between body fat parameters at baseline (independent
variables) and cardiometabolic parameters at follow-up
(dependent variables). To identify confounding variables
which may affect relationships between TAR/TLR (predictors) at baseline and SBP at follow-up (outcome),
Pearson’s correlation coefficients of potential confounding factors with main predictors and of potential confounding factors with outcome were calculated.
Redundant variables unrelated to the main predictors
and outcome in the bivariate analysis were excluded
from the multivariate analysis. Relationships between parameters of fat distribution at baseline and BP at followup were evaluated using multiple regression analysis
after adjusting for age, height, pubic hair appearance,
whole body fat, and SBP/DBP at baseline. Mean values
in each tertile of TLR were calculated from the general
linear model after adjusting for confounding factors. For
trend tests of the adjusted mean of BP at follow-up, multiple linear regression analysis was performed. The
dependent variable was SBP at follow-up, and independent variables were tertiles of TLR, age, height, pubic hair
appearance, whole body fat, and SBP at baseline. P <
0.05 was considered statistically significant. SPSS Statistics Desktop for Japan, Version 22 (IBM Japan, Ltd.,
Tokyo, Japan) was used for all analyses.
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Results
Table 1 shows baseline characteristics of the normalweight population forming part of the followed-up
population, as well as differences in the characteristics
between the followed-up and dropped-out populations.
No significant differences were observed in anthropometric parameters, pubic hair appearance, dietary intake,
exercise, sedentary behavior, and body fat parameters
between the followed-up and the dropped-out
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populations, except for SBP and the underweight proportion of boys. Table 2 shows baseline values of fat distribution parameters and blood pressure stratified by
age. TAR and TLR in boys showed significant increases
from the lowest to highest age group. SBP in girls also
showed significant increases from the lowest to highest
age group.
Table 3 shows the relationships between body fat parameters at baseline and cardiometabolic parameters at

Table 1 Baseline characteristics of subjects
Normal-weight population (study
population)

Followed-up population

Dropped-out population

P values for differencea

Girls

Boys

Girls

Girls

Girls

Boys

ns

ns

Boys

Boys

(N = 68)

(N = 87)

(N = 99)

(N = 119)

(N = 20)

(N = 17)

Age (years)

11.1 ± 0.9

11.2 ± 0.9

11.1 ± 0.9

11.2 ± 0.9

11.3 ± 0.8

11.3 ± 0.7

Height (cm)

145 ± 8

144 ± 10

145 ± 9

143 ± 10

146 ± 9

140 ± 9

ns

ns

Weight (kg)

37 ± 7

36 ± 7

39 ± 9

39 ± 10

41 ± 13

34 ± 10

ns

ns

Body mass index (kg/m2)

18 ± 2

17 ± 1

18 ± 3

19 ± 4

19 ± 4

17 ± 4

ns

ns

Waist circumference (cm)

64 ± 5

63 ± 5

66 ± 8

66 ± 10

66 ± 12

62 ± 10

ns

ns

Overweightb, N (%)

N/A

N/A

19 (19)

25 (21)

3 (15)

3 (18)

ns

ns

Underweightb, N (%)

N/A

N/A

12 (12)

7 (6)

4 (20)

4 (24)

ns

0.01

SBP (mmHg)

98 ± 10

97 ± 9

100 ± 11

99 ± 10

101 ± 12

93 ± 10

ns

0.04

DBP (mmHg)

53 ± 7

50 ± 6

54 ± 7

51 ± 7

53 ± 9

50 ± 6

ns

ns

Pubic hair appearance, N (%)

28 (41)

16 (18)

43 (43)

22 (18)

10 (50)

1 (6)

ns

ns

Total energy intake (kcal/day)

2056 ± 323

2179 ± 498

2058 ± 363

2208 ± 465

1978 ± 319

2133 ± 384

ns

ns

Carbohydrate intake (g/day)

249 ± 49

268 ± 90

249 ± 54

271 ± 84

241 ± 64

260 ± 56

ns

ns

Protein intake (g/day)

92 ± 15

97 ± 21

91 ± 17

99 ± 20

92 ± 12

97 ± 19

ns

ns

Lipid intake (g/day)

80 ± 15

83 ± 14

80 ± 16

84 ± 14

74 ± 12

81 ± 17

ns

ns

Salt intake (g/day)

11 ± 2

11 ± 2

11 ± 2

11 ± 2

12 ± 2

12 ± 2

ns

ns

ns

ns

52 (44)

13 (65)

6 (35)

ns

ns

Exercise (e.g., jogging or sports), N (%)
< 1 h/day

40 (59)

35 (40)

59 (60)

≥ 1 and < 1.5 h/day

24 (35)

41 (47)

32 (32)

54 (45)

7 (35)

8 (47)

≥ 1.5 h/day

4 (6)

11 (13)

8 (8)

13 (11)

0 (0)

3 (18)

12 (14)

16 (16)

15 (13)

4 (20)

3 (18)

Sedentary behavior (e.g., media use), N (%)
< 1 h/day

12 (18)

≥ 1 and < 2 h/day

27 (40)

35 (40)

39 (39)

46 (39)

11 (55)

6 (35)

≥ 2 h/day

29 (43)

40 (46)

44 (44)

58 (49)

5 (25)

8 (47)

Trunk fat (kg)

2.7 ± 1.0

2.0 ± 0.7

3.0 ± 1.6

2.7 ± 1.9

3.5 ± 2.8

2.2 ± 1.9

ns

ns

Arm fat (kg)

1.2 ± 0.4

0.9 ± 0.3

1.3 ± 0.6

1.2 ± 0.8

1.5 ± 1.0

1.0 ± 0.7

ns

ns

Leg fat (kg)

3.8 ± 1.1

2.9 ± 1.0

4.0 ± 1.6

3.5 ± 2.0

4.4 ± 2.2

2.8 ± 1.9

ns

ns

Whole body fat (kg)

8.4 ± 2.6

6.6 ± 2.0

9.1 ± 3.8

8.3 ± 4.6

10.1 ± 6.0

6.8 ± 4.6

ns

ns

Whole body fat percentage (%)

22.0 ± 4.1

18.1 ± 4.8

22.7 ± 5.5

20.4 ± 7.1

23.6 ± 5.7

18.8 ± 7.4

ns

ns

TAR

0.53 ± 0.07

0.53 ± 0.08

0.56 ± 0.08

0.55 ± 0.09

0.56 ± 0.11

0.56 ± 0.10

ns

ns

TLR

0.70 ± 0.10

0.70 ± 0.11

0.74 ± 0.12

0.74 ± 0.15

0.74 ± 0.17

0.76 ± 0.15

ns

ns

N number, ns not significant, SBP systolic blood pressure, DBP diastolic blood pressure, TAR trunk-to-appendicular fat ratio TLR trunk-to-leg fat ratio
TAR was calculated as trunk fat divided by appendicular fat. TLR was calculated as trunk fat divided by leg fat. Values represent mean ± standard deviation,
or N (percentage)
a
P value calculated from the unpaired t-test or Mann-Whitney U test to compare followed-up and dropped-out populations. P < 0.05 was considered statistically significant
b
Determined using age- and sex-specific body mass index cut-off points
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Table 2 Baseline values of fat distribution parameters and blood pressure stratified by age
TAR

TLR

Girls, N = 68

Boys, N = 87

SBP

Girls, N = 68

Boys, N = 87

DBP

Girls, N = 68

Boys, N = 87

Girls, N = 68

Boys, N = 87

Age groups
9.65–10.62 years

0.53 ± 0.06

0.50 ± 0.07

0.69 ± 0.08

0.66 ± 0.10

92.8 ± 8.3

93.1 ± 8.7

51.9 ± 5.7

49.5 ± 7.1

10.64–11.63 years

0.52 ± 0.07

0.50 ± 0.05

0.67 ± 0.10

0.66 ± 0.08

102.1 ± 9.4

98.3 ± 8.7

55.8 ± 8.3

51.4 ± 6.1

0.56 ± 0.08

0.57 ± 0.08

0.74 ± 0.11

0.75 ± 0.11

101.0 ± 9.8

98.2 ± 10.2

52.8 ± 6.4

50.3 ± 5.9

P values for differencea

11.64–12.64 years

ns

<0.001

ns

<0.001

0.001

ns

ns

ns

P values for trend

ns

<0.001

ns

<0.001

0.004

0.043

ns

ns

b

TAR trunk-to-appendicular fat ratio, TLR trunk-to-leg fat ratio, SBP systolic blood pressure, DBP diastolic blood pressure, N number, ns not significant
TAR was calculated as trunk fat divided by appendicular fat. TLR was calculated as trunk fat divided by leg fat. Values represent mean ± standard deviation
a
Analysis of variance was used to evaluate differences among age groups
b
Simple linear regression analysis was performed for trend tests from the lowest to highest age group. P < 0.05 was considered statistically significant

baseline, TAR was significantly related to SBP at followup in boys. Similarly, TLR in boys was significantly related to SBP at follow-up after adjusting for confounding
factors including whole body fat and SBP at baseline.
Figure 1 shows the adjusted mean of SBP at follow-up
in each tertile of TLR at baseline. Adjusted means of SBP
significantly increased from the lowest to highest tertiles
of TLR in boys after adjusting for age, height, pubic hair
appearance, whole body fat, and SBP at baseline.

follow-up using simple regression analysis. In normalweight boys, both TAR and whole body fat were significantly and positively related to SBP. Moreover, TLR in
normal-weight boys was significantly and positively related to SBP.
Table 4 shows potential confounding variables which
may affect relationships between TAR/TLR (predictors)
at baseline and SBP at follow-up (outcome). Age, height,
and public hair appearance were significantly related to
TAR/TLR in boys. In addition, age, height, whole body
fat, and SBP at baseline were significantly related to SBP
at follow-up in boys.
Table 5 shows standardized partial regression coefficients between parameters of fat distribution at baseline
and BP at follow-up. After adjusting for age, height,
pubic hair appearance, whole body fat, and SBP at

Discussion
Some individuals are not obese on the basis of height
and weight, are insulin-resistant, predisposed to type 2
diabetes, and have premature coronary heart disease [2].
Such MONW individuals are very common in the general population [2]. The present cohort study targeting

Table 3 Relationships between body fat parameters at baseline and cardiometabolic parameters at follow-up
SBP

DBP

T-C

LDL-C

HDL-C

HbA1c

β

P

β

P

β

P

β

P

β

P

β

P

Body mass index

0.11

ns

0.06

ns

− 0.01

ns

0.03

ns

− 0.10

ns

0.08

ns

Waist circumference

0.06

ns

0.06

ns

− 0.03

ns

0.02

ns

− 0.18

ns

0.04

ns

Girls, N = 68

Whole body fat

0.10

ns

0.05

ns

0.10

ns

0.13

ns

− 0.05

ns

0.07

ns

Whole body fat percentage

− 0.02

ns

− 0.04

ns

0.24

0.05

0.28

0.02

− 0.01

ns

− 0.02

ns

TAR

0.02

ns

0.02

ns

0.00

ns

0.00

ns

− 0.14

ns

0.04

ns

TLR

0.00

ns

− 0.01

ns

0.04

ns

0.04

ns

− 0.14

ns

0.03

ns

Body mass index

0.29

< 0.01

0.11

ns

0.18

ns

0.14

ns

0.13

ns

− 0.36

< 0.01

Waist circumference

0.41

< 0.01

0.13

ns

0.24

0.03

0.22

0.04

0.09

ns

− 0.35

< 0.01

Whole body fat

0.25

0.02

0.01

ns

0.25

0.02

0.22

0.04

0.12

ns

− 0.31

< 0.01

Boys, N = 87

Whole body fat percentage

0.00

ns

− 0.17

ns

0.17

ns

0.12

ns

0.11

ns

− 0.19

ns

TAR

0.27

0.01

0.20

ns

− 0.16

ns

− 0.09

ns

− 0.11

ns

0.16

ns

TLR

0.27

0.01

0.18

ns

− 0.18

ns

− 0.11

ns

− 0.11

ns

0.17

ns

SBP systolic blood pressure, DBP diastolic blood pressure, T-C total cholesterol, LDL-C, low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol,
HbA1c, hemoglobin A1c, ß standardized regression coefficient, N number, ns not significant, TAR trunk-to-appendicular fat ratio, TLR trunk-to-leg fat ratio
TAR was calculated as trunk fat divided by appendicular fat. TLR was calculated as trunk fat divided by leg fat. Simple regression analysis was used to examine
relationships between cardiometabolic parameters (dependent variables) and body fat parameters at baseline (independent variables). P < 0.05 was considered
statistically significant
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Table 4 Potential confounding variables which may affect relationships between predictors and outcomes
Predictors at baseline

Outcomes at follow-up

Girls, N = 68
TAR

Boys, N = 87
TLR

r

p

TAR

Girls, N = 68
TLR

SBP

r

p

r

p

r

p

0.30

r

Boys, N = 87
DBP

p

r

SBP

DBP

p

r

p

r

p

< 0.01 0.39 < 0.01 0.23

ns

0.29

0.01

0.24 0.02

Potential confounding factors at baseline
Age

0.17

ns

0.15

ns

0.34

0.01

Height

0.22

ns

0.19

ns

0.35

< 0.01 0.29

< 0.01 0.18 ns

0.12

ns

0.42

< 0.01 0.32 < 0.01

Pubic hair appearance 0.08

ns

0.05

ns

0.50

< 0.01 0.46

< 0.01 0.24 0.04

0.20

ns

0.16

ns

Total energy intake

0.09

ns

0.05

ns

0.16

ns

0.15

ns

0.15 ns

0.22

ns

0.16

ns

0.07 ns

Salt intake

− 0.13 ns

− 0.17 ns

0.18

ns

0.19

ns

0.08 ns

0.09

ns

0.06

ns

0.00 ns

Exercise (e.g., jogging
or sports)

0.06

ns

0.06

ns

0.08

ns

0.09

ns

0.08 ns

0.04

ns

− 0.01 ns

0.03 ns

Sedentary behavior
(e.g., media use)

0.04

ns

0.10

ns

− 0.07 ns

− 0.06 ns

0.09 ns

− 0.03 ns

0.07

ns

0.15 ns

Whole body fat

0.42

< 0.01 0.47

< 0.01 − 0.12 ns

− 0.09 ns

0.10 ns

0.05

0.25

0.02

0.01 ns

SBP

0.19

ns

0.13

ns

0.07

ns

0.05

ns

0.34 < 0.01 0.24

0.04 0.32

< 0.01 0.28 < 0.01

DBP

0.07

ns

0.05

ns

0.12

ns

0.10

ns

0.15 ns

ns

0.03

0.18

ns

0.23

0.26 0.02

0.34 0.01

N number, TAR trunk-to-appendicular fat ratio, TLR trunk-to-leg fat ratio, SBP systolic blood pressure, DBP diastolic blood pressure, ns not significant
TAR was calculated as trunk fat divided by appendicular fat. TLR was calculated as trunk fat divided by leg fat. Pearson's correlation coefficient was used to
evaluate relationships. P < 0.05 was considered statistically significant

normal-weight pubertal children in the northeast region
of Japan revealed that trunk-to-peripheral fat ratio in
boys aged 9.6–12.6 years was positively associated with
BP levels in boys aged 12.3–15.3 years. Thus, an excessive proportion of trunk fat rather than peripheral fat
(i.e., fat with a more centralized distribution) was found
to be associated with higher BP in boys of the present
study, which also revealed that normal-weight boys with
a more centralized fat distribution tended to have relatively high levels of BP later on. Interestingly, this
relationship between fat distribution and BP was independent of whole body fat volume. Even among those
who are not overweight or obese, more centralized fat
distribution was associated with higher BP. It is well
known that there is a certain degree of predictability in
BP level when this is tracked from childhood to

adulthood and that elevated BP levels persist over time
and progress to adult hypertension [31]. Therefore, it is
important to consider body fat distribution in addition to
body fat mass to assess cardiometabolic risks [23]. The
present results are consistent with previous crosssectional and cohort studies from the central region of

Table 5 Relationships between fat distribution at baseline and
blood pressure at follow-up
TAR
Girls, N = 68
Boys, N = 87

TLR

β

P

β

P

SBP

− 0.04

ns

− 0.04

ns

DBP

0.02

ns

0.00

ns

SBP

0.24

0.04

0.25

0.02

DBP

0.04

ns

0.05

ns

TAR trunk-to-appendicular fat ratio, TLR trunk-to-leg fat ratio, β standardized
partial regression coefficient, N number, SBP systolic blood pressure, ns not
significant, DBP diastolic blood pressure
TAR was calculated as trunk fat divided by appendicular fat. TLR was
calculated as trunk fat divided by leg fat. Multiple regression analysis was used
after adjusting for age, height, pubic hair appearance, whole body fat, and
SBP/DBP at baseline. P < 0.05 was considered statistically significant

Fig. 1 Adjusted means and standard errors of systolic blood
pressure (SBP) at follow-up for tertiles (T1, T2, and T3) of trunk-to-leg
fat ratio (TLR). Mean values were calculated from the general linear
model after adjusting for confounding factors, including the age,
height, pubic hair appearance, whole body fat, and SBP at baseline.
Arrows show a significant trend of SBP from T1 to T3. For trend tests
of SBP, multiple linear regression analysis was performed. The
dependent variable was SBP at follow-up, and independent variables
were tertiles of TLR, age, height, pubic hair appearance, whole body
fat, and SBP at baseline
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Japan (Hamamatsu City) [18, 22], and present and previous [18, 22] findings suggest that a large volume of body
fat is not a prerequisite for developing high BP levels in
childhood. Weight-independent parameters of body fat
distribution measured by DXA provide additional information for evaluating cardiovascular risks and are particularly meaningful when assessing normal-weight boys.
Only a few studies have investigated whether relationships between fat distribution and BP are independent of
those between fat volume and BP. In the present study,
when parameters of fat distribution and amount of fat
mass were included in the same multiple regression
models, the relationship between fat distribution and BP
was still significant. This suggests that the relationship between fat distribution and BP was independent of the relationship between whole body fat volume and BP.
Similarly, one study found that the relationship between
fat distribution and BP was independent of the relationship between whole body fat and BP in a cross-sectional
study of Hamamatsu boys [18]. These findings suggest
that not only the amount of fat but also the pattern of its
distribution influence BP levels. This information may be
particularly relevant for boys who have a normal amount
of body fat that follows a more centralized distribution.
The ratio of trunk-to-peripheral fat thus may be valuable
for the evaluation of cardiovascular risks.
Values of TAR/TLR and BP stratified by age (Table 2)
show significant increases with age. In addition, SBP levels
in girls and boys show significant increases with age, suggesting that one parameter of growth (age) is a confounding variable that is associated with both the predictor
(TAR/TLR) and the outcome (BP). The present study also
revealed significant associations between TAR/TLR and
growth parameters (age, height, pubic hair appearance),
and between BP and parameters of growth (Table 4). This
also suggests that growth is a confounding factor that
modifies the association between TAR/TLR and BP. As
such, we conducted multiple regression analyses after
adjusting for confounding factors including age, height,
and pubic hair appearance to assess the relationship between TAR/TLR and BP and identified several statistically
significant associations that remained in boys after adjustments were made (Table 5, Fig. 1). Collectively, these findings indicate that there is an independent association
between TAR/TLR and BP in addition to that between
growth and blood pressure in boys.
Although we found that an increased ratio of trunkto-peripheral fat was correlated with higher BP in boys,
we observed no relationship between fat distribution and
BP in girls. In other words, the relationship between fat
distribution and BP differed by sex in the present study.
A previous cross-sectional study of Hamamatsu children
also reported a significant relationship between trunkto-peripheral fat ratio and BP in boys but not in girls
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[18]. It is well known that sex affects fat deposit patterns
and that women have more subcutaneous fat than men,
while men have more visceral fat than women [32].
Visceral fat is thought to play a key role in the cluster of
cardiometabolic abnormalities [33], and trunk fat includes
both visceral and subcutaneous fat. Women, whose trunk
fat tends to comprise less visceral fat than that in men,
also exhibit a lower prevalence of obesity-related metabolic disorders than men [32]. Differences in the proportion of visceral fat in trunk fat between boys and girls
might explain the effects of sex in the relationship between cardiovascular and body fat parameters. Another
possible reason for the sex-dependent difference could be
explained by the difference in growth, as the timing of secondary sexual characteristic development varies between
girls and boys. Specifically, it is well known that pubertal
changes in girls usually begin before those in boys of the
same age. In Japanese children, the peak height velocity
has been found to occur around the age of 11 years in girls
and around 13 years in boys [34]. The difference in pubertal growth between girls and boys may modify the association between the trunk-to-peripheral fat ratio and blood
pressure.
The strength of this study is that the analyzed population comprised 79.3% of the source population, which
included almost all children residing in the Shiokawa
area in Kitakata City; only 14.5% of baseline participants
dropped out at follow-up. Moreover, no remarkable differences were observed between the follow-up population (analyzed population) and the drop-out population.
Therefore, the effects of selection bias are smaller compared to our previous study in Hamamatsu City (i.e., the
analyzed population was 48.8% of the source population
and 61.5% of the baseline population) [22]. In addition,
the present study obtained enough data on potential
confounders, including dietary intake and exercise; from
these potential confounding variables, we selected confounding factors for analysis. Thereafter, we assessed the
relationships between exposure, outcomes, and confounding factors. Furthermore, the subject age in the
present study spanned a wider range (9.6–12.6 years old
at baseline and 12.3–15.3 years old at follow-up) than
that of the previous study in Hamamatsu City.
However, the present study also has some limitations
worth noting, including a potential selection bias. First,
participants were enrolled from one area in one city in
Japan, rather than from the entire country. However, according to standard growth charts of Japanese children
based on national surveys, mean height/weight of boys
at age 11.2 and girls at age 11.1 were 142.5 cm/36.6 kg
and 143.5 cm/36.9 kg, respectively. Thus, there were no
remarkable differences in anthropometric variables between the present followed-up population and the general population in Japan [35]. Second, childhood BMI
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rises with chronological age and biological age. To avoid
misclassifying underweight or overweight children, agespecific cut-offs of BMI should be used to reflect the
maturational tempo [36]. However, there are no agespecific cut-offs for BMI which reflect the impact of
pubic hair appearance. Normal-weight children were
identified using sex- and age-specific international cutoffs of BMI in the present study [26, 27].

Conclusions
The present cohort study targeting community-dwelling
children in the northeast region of Japan revealed that
the trunk-to-peripheral fat ratio measured by DXA was
associated with future BP in normal-weight boys.
Normal-weight boys who had a more centralized distribution of fat tended to have relatively high levels of BP
later on. This relationship between fat distribution and
BP was independent of whole body fat volume. Our findings suggest that a large volume of body fat may not be
a prerequisite for the development of high BP levels in
childhood and that weight-independent indices such as
trunk-to-peripheral fat ratio may be useful for predicting
future BP. Thus, body fat distribution is a meaningful
measure, particularly in the assessment of normalweight boys.
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