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The objective of this study was to clarify the clinical significance and usefulness of measuring percent
body fat (PBF) when compared with body mass index (BMI) in the Japanese population. A total of
2,483 Japanese individuals (1,380 men and 1,103 women) who underwent a medical checkup from
1999-2002 were employed. PBF was determined using bioelectrical impedance analysis (BIA). Rela-
tionships of age, BMI and PBF with several metabolic parameters, including blood pressure, lipids
and plasma glucose levels were assessed in both genders separately. In men, PBF was a stronger de-
terminant of total cholesterol (TC), low-density lipoprotein-cholesterol (LDL-C) and triglycerides
(TG) compared with age and BMI, whereas in women, age was the strongest determinant of TC and
LDL-C. In both genders, BMI was the strongest determinant of serum HDL-C among age, PBF and
BMI. Based on these data, we suggest that measuring PBF by BIA is superior to BMI for predicting

TC, LDL-C and TG in Japanese men.
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Introduction

Obesity is determined based on an individual’s
BMI, which is defined as body weight (kg) divided by
squared body height (m?). The use of bioelectrical im-
pedance analysis (BIA) for determining percent body
fat (PBF) is widely accepted as a safe, rapid, low cost
and reliable technique'?. This method, as is the case
in BMI, does not provide information on body fat dis-
tribution, which is in contrast to, such as CT*>, MRI®
and ultrasonography”. Nevertheless, PBF determined
by BIA, as in the case with BMI, is widely used in Ja-
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pan for screening an individual’s body fat mass in
medical checkups because of its simpleness; however,
the clinical significance of measuring PBF has not
been well studied in detail.

With this background, the aim of this study was
to clarify the usefulness and clinical significance of
measuring PBF by analyzing the relationship of PBF
with several metabolic parameters, including blood
pressure, plasma glucose, and plasma lipid levels in
2,483 Japanese individuals (1,380 men and 1,103 wom-
en) who underwent medical checkups from 1999-2002
in our department.

Materials and Methods

Table 1 shows the clinical profiles of the study
subjects.

For individuals who underwent a medical check-
up more than once during this period, the latest data
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Table 1. Profile of the study subjects

men women p
n 1,380 1,103
age, yr 52.4%9.7 52.4%9.5 ns
body mass index, kg/m* 23.7+3.0 22.8+3.1 <0.0001
percent body fat, % 23.1+54 29.4%6.2 <0.0001
systolic BB, mmHg 123.7+16.5 119+17.6 <0.0001
diastolic BB, mmHg 80.6=10.8 75.2%+23.6 <0.0001
fasting plasma glucose, mg/dL 99.8+11.1 94.5%9.8 <0.0001
HbAlc, % 4.98+0.37 4.94%0.35 <0.001
total cholesterol, mg/dL 200+33.5 208 £34.3 <0.0001
triglycerides, mg/dL 129 +66.3 94.3%+57.1 <0.0001
HDL-cholesterol, mg/dL 55.4%14.6 67.1+£16.2 <0.0001
LDL-cholesterol, mg/dL 120+31.2 122+30.9 ns
white blood cell, X103 59+1.7 5.1x1.4 <0.0001
red blood cell, x10° 4.83%0.39 4.4+0.3 <0.0001
Hb, g/dL 15.1+1.1 13£1.2 <0.0001

BP, blood pressure; Hb, hemoglobin
Values are shown as the mean = sd.

were used for this study. Individuals with AST >100,
ALT>100, Cre>1.5, HbAlc>6.5%, TG >400 mg/
dL were excluded from this study. Subjects taking an-
ti-hypertensive, oral-hypoglycemic agents, insulin
treatment, or lipid-lowering medications were also ex-
cluded. BMI was obtained by body weight (kg) divid-
ed by squared body height (m?). PBF was determined
from bioelectrical impedance analyses (BIA) using
TANITA TBF-215 (TANITA Corporation, Tokyo, Ja-
pan). This method measures the flow of electrical sig-
nals as they pass through fat and lean water in the
body. When the amount of fat and lean matter or wa-
ter changes, so do the signals, giving a reliable and ac-
curate measurement of the amount of each of these
components that make up the total weight of the per-
son. The measurements were performed in a standing
position, with electrodes in contact with the soles and
heels of both feet. Serum total cholesterol (TC), tri-
glycerides (TG), and high-density lipoprotein (HDL)-C
levels were determined by standard enzymatic meth-
ods. LDL-C levels were calculated with the Friedewald
formula. A statement of institutional approval of the
study in accordance with the Declaration of Helsinki
and informed consent were obtained from all of the
participants in this study.

Statistical Analysis

Statistical evaluation was performed using Stat-
View-] 5.0 software (SAS Institute, Cary NC on a
Macintosh Computer).

The results were expressed as the mean+SD and

the significance level was set at p <0.05. Pearson cor-
relation coefficients were used to evaluate the relation-

ship of age, BMI, PBF with metabolic parameters.

Results

Relationship of PBF with BMI

PBF had a strong correlation with BMI both in
men (r=0.813, » <0.0001) and women (r=0.888, p
<0.0001).

Relationship of PBF with Age

PBF showed a weak inverse relationship with age
in men (r=-0.149, p <0.0001), but had no signifi-
cant relation with age in women (r =0.055, p =0.054).

Relationships of Age, BMI and PBF with Several
Metabolic Parameters in Men (Table 2)

Age showed a positive relationship with sBP,
while its relation with dBP was subtle. Both BMI and
PBF showed positive relationships with sBP and dBP.
Age, BMI and PBF showed a weak association with
FPG and HbA1C. There was no association of age
with any of the lipid and lipoprotein parameters ex-
cept for its subtle relation with Log TG. In contrast,
both BMI and PBF were positively associated with
TC, LDL-C and, to a higher degree, with log TG,
while being inversely associated with HDL-C levels.
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Table 2. Correlation coefficient of age, BMI and PBF with

metabolic parameters in men

Table 3. Correlation coefficient of age, BMI and PBF with

metabolic parameters in women

age BMI PBF age BMI PBF
sBP 0.235*** 0.263*** 0.21*** sBP 0.379%** 0.277*** 0.254***
dBP 0.097**  0.303*** 0.271%* dBP 0.133%**  0.159™*  0.148™**
fasting plasma glucose ~ 0.14™** 0.178*** 0.177%*** fasting plasma glucose ~ 0.289*** 0.237*** 0.223%**
HbAlc 0.227%** 0.159%** 0.152%** HbAlc 0.351%** 0.21*** 0.1627%**
total cholesterol -0.002 0.171%** 0.2427%** total cholesterol 0.292°%** 0.102** 0.158™**
LDL-cholesterol 0.033 0.201 *** 0.25%** LDL-cholesterol 0.269*** 0.179™%*  0.227***
log-triglycerides -0.082* 0.337*** 0.371%*** log-triglycerides 0.244%** 0.243*** 0.258***
HDL-cholesterol 0.009 =0.312%*  -0.283™** HDL-cholesterol -0.034 =0.287**  —0.266***
sBD, systolic blood pressure; dBP, diastolic blood pressure sBD, systolic blood pressure; dBP, diastolic blood pressure
¥ <0.0001; **p <0.001, *»<0.01 5 <0.0001; **p <0.001, *»<0.01
Table 4. Multiple regression analysis on the relationship of age, BMI and PBF with metabolic parameters in men
age BMI PBF
variables
B t ? B t ? B t ?
sBP 0.264 11.25 <0.0001 0.227 5.725  <0.0001 0.067 1.667 0.0957
dBP 0.139 5.839  <0.0001 0.231 5.74 <0.0001 0.098 2.399 0.0165
FPG 0.17 6.953  <0.0001 0.078 1.873 0.0613 0.137 3.289 0.001
HbAlc 0.256 10.62 <0.0001 0.101 2.464 0.0138 0.091 2.198 0.0281
total cholesterol 0.037 1.529 0.1264 -0.049 -1.197 0.2314 0.3 7.185  <0.0001
LDL-cholesterol 0.01 0.401 0.6884 0.014 0.33 0.7413 0.13 3.002 0.0027
Log triglycerides -0.046 -1.989 0.0468 0.135 3.421 0.0006 0.261 6.558 <0.0001
HDL-cholesterol -0.015 -0.638 0.5239 -0.235 -5.804 <0.0001 -0.1 -2.457 0.0141

FPG, fasting plasma glucose

Relationships of Age, BMI and PBF with Several
Metabolic Parameters in Women (Table 3)

Age, BMI and PBF showed positive associations
with sBP and, to a lesser degree, with dBP. In women,
the association of age, BMI and PBF with FPG were
higher and likewise those with HbAlc were higher
than in men. Unlike in men, age had significant asso-
ciations with serum TC, Log TG and LDL-C levels,
but not with HDL-C levels. BMI showed a positive
association with Log TG and, to a lesser degree, with
TC and LDL-C, while showing an inverse relation-
ship with serum HDL-C. Similarly, PBF showed a
positive association with Log TG and an inverse one
with HDL-C, and the associations of PBF with TC or
LDL-C were relatively weak compared with those in
men.

Multiple Regression Analysis on the Relationships
of Age, BMI and PBF with Several Metabolic
Parameters in Men (Table 4)

Multiple regression analysis with BMI, age and

PBF as independent variables and with several meta-
bolic parameters as dependent variables showed that
the relation of PBF with blood pressure was not as
strong as age or BMI.

The relation of PBF with FPG and HbAlc was
not as strong as age. Of note, the relation of PBF with
TC and TG was more pronounced than BMI and age
with these lipid parameters. In contrast, BMI was
more strongly associated with serum HDL-C levels

than PBF and age.

Multiple Regression Analysis on the Relationships
of Age, BMI and PBF with Several Metabolic
Parameters in Women (Table 5)

The relationship between blood pressure and
PBF did not persist after adjustment for BMI and age.
Similarly, the relationship between glucose metabo-
lism parameters and PBF did not persist or almost dis-
appeared after adjustment for other co-variants. In
contrast, the relationship between PBF and TC, TG
and LDL-C was stronger than those between BMI
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Table 5. Multiple regression analysis on the relationship of age, BMI and PBF with metabolic parameters in women

age BMI PBF
variables
B t ? B t ? B t »
sBP 0.367 13.96 <0.0001 0.188 3.358 0.0008 0.062 1.104 0.2698
dBP 0.118 4.204 <0.0001 0.129 2.094 0.0364 0.033 0.535 0.5926
FPG 0.264 9.792  <0.0001 0.086 1.464 0.1436 0.116 1.976 0.0484
HbAlc 0.326 12.337  <0.0001 0.212 3.664 0.0003 —-0.036 -0.617 0.5375
total cholesterol 0.285 10.523  <0.0001 -0.213 —3.582 0.0004 0.329 5.558 <0.0001
LDL-cholesterol 0.259 9.539 <0.0001 -0.12 -2.011 0.0445 0.311 5.23 <0.0001
Log triglycerides 0.229 8.54 <0.0001 0.017 0.287 0.774 0.248 4.245  <0.0001
HDL-cholesterol —-0.015 -0.547 0.5844 -0.221 -3.676 0.0002 —-0.078 —-1.305 0.1921
FPG, fasting plasma glucose
Table 6. Pearson’s correlation coefficients between serum lipids vs. body mass index or percent body fat by gender and age
body mass index percent body fat
age (y) n PBF vs BM
TC log TG HDL-C  ¢LDL-C TC log TG HDL-C  c¢LDL-C
men
30-39 122 0.146 0.387%%%  —(.43%** 0.246** 0.25** 0.417***  —0.383™** (0.323*** 0.858***
40-49 438 0.153**  0.356***  —0.334™** (.1827** 0.236***  0.348™**  —0.247*** (0.238™** 0.817***
50-59 477 0.209**  0.309***  —0.289™** (.225*** 0.269™* 0.396™** —0.314™** 0.265*** 0.8227%**
60-69 276 0.166™*  0.304™* —0.279™* 0.206™** 0.246*** 0.333***  —0.276™** (0.283™** 0.792%**
70-79 67 0.136 0.327™*  -0.144 0.125 0.133 0.296* —-0.165 0.148 0.699 ***
women
30-39 86 -0.04 0.317**  -0.414™* 0.07 0.056 0.3427***  —0.344**  0.148 0.917***
40-49 355 0.134*  0.273*** -0.306™** 0.228*** 0.211%%  0.321**  -0.278™** (.279*** 0.876***
50-59 408 0.081  0.212***  -0.263™* 0.141** 0.178**  0.238™* —0.236™* (.23*** 0.885***
60-69 208 0.072 0.147% =-0.249***  0.165* 0.086 0.141°* =0.247%* (0.183** 0.902***
70-79 46 —-0.058 0.27 -0.213 -0.038 -0.023 0.299* -0.3* 0.04 0.883***
*5<0.05, **5 <0.01, ¥**5 <0.001
TC, total cholesterol; TG, triglycerides; PBE percent body fat; BMI, body mass index
and these lipid parameters. However, the association in the elderly population.
between PBF and HDL-C did not persist after adjust-
ment for BMI and age, while in contrast, BMI was the Discussion

independent determinant of HDL-C levels among
age, BMI and PBE

Relationships of BMI or PBF with Several Metabolic
Parameters After Subclassifying the Subjects
According to Age Group (Table 6)

In men, PBF had better associations with LDL-C
across all ages and with TG in middle age than did
BMI. In women, PBF had better associations with
LDL-C and TG than did BMI across the age. In con-
trast, PBF had weaker associations than BMI with
HDL-C in young to middle aged men and women.
Also, the relation between PBF and BMI was weaker

In this study, we analyzed the relationships of
PBF by BIA with several metabolic parameters in 1,380
men and 1,103 women who underwent medical check-
ups from 1999-2002. Our findings are consistent with
a previous study that compared with BMI. PBF by
BIA was more strongly correlated with serum lipids
except for HDL-C in Japanese population?, although
unlike our study they did not present data on PG and
BP. We also subclassified the subjects according to age
and measured Pearson’s correlation coefficients be-
tween lipids and BMI or PBF by gender and age.

Despite PBF measured by BIA being a simple,
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convenient and popular way of assessing body fat in
daily clinical practice'?, to our knowledge its clinical
significance has not been well clarified. This is in stark
contrast to the BMI, which has long been recognized
as a predictor of morbidity and mortality due to nu-
merous chronic diseases, including type 2 diabetes,
cardiovascular disease and stroke® 1%

Obesity is determined based on an individual’s
BMI, which just like PBE does not provide any infor-
mation on an individual’s body fat distribution but is
the widely standardized parameter for defining obesi-
ty. Indeed, in this study, we found that this parameter
was a good predictor of BP, especially for men. PBE
on the other hand, was not likely to be a good predic-
tor of BP in both genders. Likewise, it was not a good
predictor of an individual’s fasting glucose and HbAlc
levels in both genders. In contrast, it was found to be
the strongest predictor of TC, LDL-C and TG among
age, BMI and PBF in men. Although the mechanism
of TG’s association with PBF has not been elucidated,
we presume that it is highly related to the fact that ad-
ipose tissue is the main store of TG in the body. TG in
adipose tissue undergoes hydrolysis by a hormone-sen-
sitive lipase to form free fatty acids. The liver in turn
takes up free fatty acids from the circulation and cause
the formation and secretion of VLDL'". VLDL is
subsequently metabolized into IDL, leading to the
formation of LDL. Among the lipid parameters we in-
vestigated, unlike TC, TG or LDL-C, HDL-C was
much more closely associated with BMI than was PBE
We speculate the potential reasons for this as follows:
HDL-C is first secreted by the liver and intestine as
small, lipid poor, apo A-1 particles termed nascent
HDL'. These HDL particles interact with the ATP-
binding cassette transport protein Al (ABC Al) on
peripheral cells such as arterial wall macrophages to
drive cholesterol efflux'® . This step is followed by
the maturation of HDL particles by the function of
lecithin-cholesterol acyltransferase (LCAT) " '®. Cho-
lesteryl ester transfer protein, which is produced in the
liver, spleen, skeletal muscle and adipocytes, is in-
volved in cholesteryl ester transfer from HDL particles
to apoB-containing particles, including very low den-
sity lipoprotein (VLDL) and LDL'"'®. Hepatic lipase
(HL), which is mainly produced in the liver, also plays
a key role in the metabolism of HDL particles' .
Specifically, HL hydrolyzes TG in HDL, generating
small-modified HDL particles, which are taken up
primarily by the scavenger receptor class B type I on
the surface of hepatocytes?" ??. These lots of steps for
determining serum HDL concentration might ac-
count for the relatively weak association of HDL-C
with PBE

In both sexes, but especially in men, young sub-
jects had closer associations between BMI and PBF
than did elder individuals, and these associations slight-
ly declined with age, which may be due to increased in
inter-individual variations of body composition with
age™, since body composition may be affected by
many age-related changes, such as decreases in bone,
muscle, and body water, and distribution of fat** .
Also, it has been shown that PBF measured by BIA is
less precise and less accurate in the elderly than in
young individuals®®.

Indeed, in our study, the degree of the associa-
tion of lipids to BMI or PBF also changed according
to age.

Besides the method studied in this study, recent-
ly, an excellent and sophisticated technique by BIA
was introduced?”, which appears to be able to provide
us with information on visceral fat mass without using
CT. Given that the importance of measuring visceral
fat, not whole body fat, has been increasingly empha-
sized recently®®, we hope that this method will prevail
in the near future.

Recently, more and more attention has been giv-
en to the measurement of waist circumference, because
it has now become the essential component for diag-
nosing metabolic syndrome. Our previous study has
shown that PBF versus BMI was highly related to waist
circumference in middle-aged men ([r=0.893, p <
0.0001] versus [r=0.876, p <0.0001]) in the Kanaza-
wa district®.

In conclusion, based on our findings of 1,380
male and 1,103 female Japanese healthy subjects, we
suggest that measuring percent body fat by bioelectri-
cal impedance analyses (BIA) may be superior to BMI
for predicting an individual’s serum lipids except for
HDL-C in middle-aged men and women.
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