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Abstract. [Purpose] The aim of this study was to examine the relationships between the amount and distribution 
of body fat and the carotid intima-media thickness to explore whether coronary artery disease risk may be mediated 
through effects on the amount of fat mass in older adults. [Subjects and Methods] A total of 200 elderly females was 
participated. The percentage of body fat mass was measured by the bioelectrical impedance analysis method, and 
the carotid intima-media thickness was measured by B-mode ultrasound. Analysis of covariance was performed to 
assess independent associations between the four categories of percentage of body fat mass and the carotid intima-
media thickness after multivariate adjustment. Logistic regression analyses were utilized to calculate odds ratios 
and 95% confidence intervals for examining independent associations between percentage of body fat mass and the 
estimated risk of coronary artery disease. [Results] Analysis of covariance showed that the carotid intima-media 
thickness was significantly thick in both obesity and overweight groups. When multivariate-adjusted OR for the 
estimated risk of coronary artery disease, the odds ratios for the obesity and overweight groups were 3.0 (95% 
confidence interval, 1.1 to 8.7) and 2.5 (95% confidence interval, 1.0 to 6.1), respectively. [Conclusion] This study 
demonstrates that elderly females with a high body fat mass are more likely to have the estimated risk of CAD than 
who fit body fat mass in elderly female.
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INTRODUCTION

Carotid artery intima-media thickness (CIMT) has been 
proposed as a surrogate marker of coronary artery disease 
(CAD)1), stroke and myocardial infarction (MI)2, 3), vascular 
event (VE)4), and all-cause mortality5); therefore, it is im-
portant to prevent of increases in CIMT in healthy adults 
and the elderly.

It has been reported that increase of CIMT is affected by 
several factors such as aging6), hyperlipidemia7), hyperten-
sion8), metabolic syndrome, type 2 diabetes mellitus9), and 
decreased physical function10). Body mass index (BMI) is 
widely used as an index of fatness11), and the consensus is that 
it is associated with an increase in CIMT12–14), but individual 
responses are quite variable. Although BMI is an indirect 
measure of adiposity compared with more direct approaches 

such as bioelectrical impedance15, 16) and does not account 
for the wide variation in body fat distribution, high BMI is 
related to increase of the CIMT. Meanwhile, a few studies 
have reported that body fat mass is a stronger risk factor of 
CAD in women17), and body fat mass (BFM) percentage by 
bioelectrical impedance analysis (BIA) has been reported to 
be more associated with high CAD than BMI criteria18, 19). 
In addition, Chang et al. 20) reported that Taiwanese adults 
had a relatively lower BMI but a higher BFM percentage 
than Caucasians. Also, Calling et al. 17) reported that BFM 
percentage is a risk factor for coronary events (CEs), isch-
emic stroke, and CAD mortality, and they proved that BFM 
percentage is a stronger CAD risk factor in women than in 
men. Thus, BFM may be more important than BMI criteria 
in assessment of obesity in Asian populations. However, to 
date, there is in sufficient evidence regarding the relationship 
between CIMT and BFM in Asian populations.

Therefore, we aimed to examine the association between 
BFM and CIMT community-dwelling older women and to 
identify the interrelation between the level of body fat mass 
percent and CIMT.
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SUBJECTS AND METHODS

A total of 250 people living in Busan, South Korea, 
participated in this study, all of whom voluntarily submitted 
applications to participate after seeing our advertisement. 
However, we excluded 22 people who were performing 
regular exercise 3 days or more a week; 18 people taking 
medicines after being diagnosed with heart disease (n = 2), 
hypertension (n = 5), diabetes (n = 4), osteoporosis (n = 3), 
or arthritis (n = 4) by a medical specialist; and 10 smok-
ers. Ultimately, 200 people with an average age of 71.2 ± 
4.4 years participated in this study. The study was performed 
in accordance with the guidelines of the Declaration of Hel-
sinki, and written informed consent was obtained from all 
subjects in accordance with the requirements of the ethics 
committee of Dong-A University.

After measuring the subjects’ heights and body mass, 
their body fat-free mass (BFFM) and body fat mass (BFM) 
percentages were measured, respectively, by the bioelectri-
cal impedance analysis method using a body composition 
analyzer (InBody 720, Biospace, Seoul, South Korea). Waist 
circumference was measured as the smallest horizontal 
girth between the costal margin and the iliac crests, and hip 
circumference was measured at the widest point over the 
buttocks in a standing position.

From two days before measuring body composition, 
the subjects were asked to not engage in physical activities 
other than from the activities they usually do and to refrain 
from drinking and eating too much. Body composition was 
measured between 9:00 and 10:00 a.m. when the subjects’ 
stomachs were empty. BMI and waist to hip ratio (WHR) 
were calculated with their respective formulas. Systolic 
blood pressure (SBP) and diastolic blood pressure (DBP) 
were measured using a mercury sphygmomanometer (HICO, 
Tokyo, Japan) after the subjects rested for ten minutes.

Physical activity was measured using the Korean short 
version of the international physical activity questionnaire 
(IPAQ). The IPAQ is available from https://sites.google.
com/site/theipaq/. The short version consists of nine items 
about time spent during the last 7 days performing vigor-
ous activities (days per week and duration) such as jogging, 
aerobic dance, cycling, and heavy lifting; performing mod-
erate activities (days per week and duration) such as light 
lifting and doubles tennis; and walking (days per week and 
duration). For each type of activity, the weighted metabolic 
equivalent (MET) minutes per week were calculated as fol-
lows: 1) vigorous MET min/week = 8.0 × vigorous inten-
sity activity minutes × vigorous intensity days, 2) moderate 
MET min/week = 4.0 × moderate intensity activity minutes 
× moderate intensity days, 3) walking MET min/week = 3.3 
× walking minutes × walking days.

CIMT was measured using B-mode ultrasound and a 
10-MHz probe (LOGIQ 3, GE Healthcare, Wauwatosa, 
WI, USA). During measurement of the carotid arteries, the 
subjects lay on their backs in a dark room, turned their heads 
45 degrees, and fully exposed the carotid arteries after they 
relaxed for minimum 10 minutes; left carotid artery was then 
measured by ultrasound21, 22). Three IMT measurements of 
diastolic images on each side at 10 mm before or after the 
carotid bifurcation were obtained. The mean IMT was calcu-

lated for each point, and the highest value (maximum IMT) 
was recorded for each subject and defined as the distance 
from the lumen-intima interface to the intima-adventitia 
interface9). The carotid artery lumen diameter (CLD) at dias-
tole was measured by M-mode ultrasound. The lumen diam-
eter between the near and far wall intima-media interfaces 
was imaged along the vessel length, the 10 mm segment 
proximal to the dilation of the carotid bulb on both sides23).

Five milliliters of blood was collected from an antecubital 
vein of all subjects after they fasted for 12 hours, and then 
the total cholesterol (TC), triglyceride (TG), high-density li-
poprotein cholesterol (HDL-C), and low-density lipoprotein 
cholesterol (LDL-C) levels were analyzed using an auto-
matic chemical analyzer (Hitachi-7600-110/7170 analyzer, 
Tokyo, Japan).

The World Health Organization24) and Dee et al.25) report-
ed that a BFM percentage over 35% was obesity criterion 
for women. Therefore, according to the criterion for clas-
sification of BFM percentages in Koreans, the subjects were 
divided into the following four groups: obesity group (OG, 
> 35.0%), overweight group (OWG, 30.0–35.0%), normal 
weight group (NWG, 25.0–29.9), and optimal weight group 
(OPWG, < 20.0–24.9).

Analysis of variance (ANOVA) was used to examine 
for differences in demographic, blood pressure, physical 
activity, serum lipid, and carotid artery variables between 
the four BFM percentage groups. The relationships between 
BMI and BFM percentages were examined using Pearson’s 
correlation analyses. Since a few studies reported that CIMT 
is influenced by age, blood pressure, physical activity and 
serum lipid level9, 10, 26), our partial correlation, regression 
analyses, and analyses of covariance (ANCOVA) were 
adjusted for these variables. Height was also adjusted for 
since height was significantly different between groups in 
the present study. Partial correlation and regression analyses 
were used to assess independent associations between BFM 
percentages and CIMT after adjustment for age, height, sys-
tolic blood pressure, physical activity and total cholesterol. 
ANCOVA was used to assess independent associations be-
tween the four groups of BFM percentages and CIMT after 
adjustment for age, height, systolic blood pressure, physical 
activity, and total cholesterol.

CIMT (cutoff value of 0.75 mm reported by Holaj et 
al. 27), and Touboul et al. 28)) is considered to be a marker of 
generalized atherosclerosis. The estimated risk of sustaining 
atherosclerosis was defined as an IMT cut-off over 0.75 mm. 
Logistic regression analysis was used to calculate the odds 
ratio (OR) and 95% confidence intervals (CI) for the assess-
ment of CAD risk due to the increase in BFM percentage 
adjusted for sex, age, height, systolic blood pressure, physi-
cal activity, and total cholesterol. Package for the Social Sci-
ences (SPSS) ver. 17.0 (SPSS Inc., Chicago, IL, USA) was 
used for statistical analysis, and the measurement results are 
presented as averages, variations, and standard errors. The 
statistical level of significance was less than p<0.05.

RESULTS

Table 1 shows the differences in body composition, blood 
pressure, physical activity, serum lipids, CIMT, and CLD 
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among the four groups. The results show that the BFM and 
BFM percentages of the four groups were each significantly 
different. Body mass, BMI, and WHR were significantly 
higher in OG than in the other groups, and those of OWG 
were significantly higher than those of NWG and OPWG. 
SBP and DBP were significantly higher in OG and OWG 
than in NWG and OPWG, and height and physical activity 
were significantly lower in OG than in OPWG; also, BFFM 
was significantly higher in OPWG than in OG and OWG. 
Total cholesterol was significantly higher in OG and OWG 
than in NWG and OPWG, triglycerides and low-density 
lipoprotein cholesterol were significantly higher in OG than 
in OPWG, and high-density lipoprotein cholesterol was 
significantly higher in OPWG than in OG. The CIMTs of 
the four groups were all significantly different, CLD was 
significantly greater in OG and OWG than in OPWG.

Table 2 shows the results of logistic regression. Logistic 
regression analyses were adjusted for age, height, systolic 
blood pressure, physical activity, and total cholesterol, and 
the results showed that the risk of CAD was related to the 
BFM percentage. The OR was 4.044 (CI: 1.581–10.348) 
for OPWG, 2.800 (CI: 1.251–6.268) for OWG, and 1.877 
(CI: 0.398–1.933) for NWG when not adjusted and OPWG 
was set as the reference, and it was 3.432 (CI: 1.286–9.157) 
for OG, 2.496 (CI: 1.072–5.813) for OWG, and 1.798 (CI: 
0.430–2.225) for NWG when age, height, and blood pres-
sure were adjusted. When age, height, systolic blood pres-
sure, physical activity, and total cholesterol were adjusted, 
the OR was 3.033 (CI: 1.064–8.650) for OG, 2.459 (CI: 
0.998–6.059) for OWG, and 1.684 (0.469–0.828) for NWG.

DISCUSSION

This study shows that the BFM percentage is positively 
related to CIMT and that individuals with a high BFM 
percentage have thicker CIMT than those with a low BFM 
percentage. It also shows that individuals with a high BFM 
percentage are more likely to run the risk of their increased 
CIMT than those with a low BFM percentage.

The recent report on the increase of CIMT that is quoted 
as omen for CAD, stroke demonstrates that the increase of 
CIMT is closely related to body composition. General obe-
sity was assessed by BMI, waist circumference, and WHR. 
A number of previous studies have demonstrated the rela-
tionship between obesity and carotid atherosclerosis. Lo 
et al.29) divided 99 healthy women (aged 24–59) into BMI 
>25 kg/m2, 25–30 kg/m2, and >30 kg/m2 groups respec-
tively, and compared their CIMTs and found that CIMT 
was significantly thicker in the group with a BM >30 kg/
m2. Marini et al.30) compared the CIMTs of 153 women 
aged 19–48, 73 of which were normal (<27 kg/m2) and 80 
of which were overweight (>30 kg/m2), and reported that 
CIMT was significantly thicker in overweight women. Also, 
Hassinen et al.31) studied the relationship between waist 
circumference, hip circumference, and CIMT in 102 women 
aged 60–70 and reported that of the CIMT of the women 
with a waist circumference ≤83 cm and hip circumference 
≤98 cm was the least thick and that the CIMT of those with 
a waist circumference of >83 cm and hip circumference 
>98 cm was the thickest. These findings show that high 
BMI, waist circumference, and WHR values are related to 
the increase in CIMT.

Table 1. The anthropometric characteristics, blood pressure, physical activity, serum lipid and carotid intima-media thickness of subjects

Variables Total 
(n= 200)

Groups
OG  

(n= 37)
OWG  

(n= 56)
NWG 
(n= 61)

OPWG 
(n= 46) Post hoc

Age (years) 71.2±4.4 70.8±4.1 71.3±4.6 70.8±4.6 72.0±4.2 NS
Height (m) 1.56±0.06 1.54±0.5 1.54±0.6 1.56±0.06 1.57±0.06 OG<OPWG
Body mass (kg) 58.7±5.8 63.4±5.3 59.6±5.5 57.0±5.4 56.1±4.9 OG>OWG>NWG,OPWG
Body mass index (kg/m2) 24.3±2.4 27.0±2.1 24.9±1.5 23.4±2.1 22.7±1.6 OG>OWG>NWG,OPWG
Body fat free mass (kg) 41.3±4.4 39.7±3.4 40.7±4.9 41.2±4.1 43.8±4.2 OG, OWG<OPWG
Body fat mass (kg) 17.5±4.7 23.7±2.4 19.4±2.2 15.8±1.9 12.4±1.1 OG>OWG>NWG>OPWG
Body fat mass percentage (%) 29.5±5.5 37.2±1.6 32.5±1.3 27.7±2.2 22.1±1.4 OG>OWG>NWG>OPWG
Waist to hip ratio 0.88±0.06 0.92±0.05 0.89±0.03 0.85±0.04 0.83±0.03 OG>OWG>NWG,OPWG
Systolic blood pressure (mmHg) 128.1±7.9 132.6±8.7 130.3±6.8 126.1±7.4 124.4±6.5 OG,OWG>NWG,OPWG
Diastolic blood pressure (mmHg) 74.1±5.5 76.5±5.4 75.6±4.3 72.7±5.8 72.1±5.2 OG,OWG>NWG,OPWG
Total METs of physical active (min/week) 2393±1930 1371±3330 1688±3025 2110±2950 2405±2100 OG<OPWG
Total cholesterol (mg/dl) 195.2±12.4 204.1±12.7 198.3±11.5 192.3±10.3 188.2±10.8 OG,OWG>NWG,OPWG
Triglycerid (mg/dl) 141.4±14.4 146.5±19.1 142.5±15.5 140.9±10.4 136.6±11.7 OG>OPWG
Low-density lipoprotein cholesterol (mg/dl) 120.5±10.6 124.2±9.7 122.7±9.2 119.2±10.4 116.5±12.0 OG>OPWG
High-density lipoprotein cholesterol (mg/dl) 50.4±10.4 46.8±8.6 49.3±9.1 51.3±10.9 53.2±10.3 OG<OPWG
Carotid artery intima-media thickness (mm) 0.73±0.09 0.81±0.08 0.76±0.08 0.70±0.07 0.66±0.09 OG>OWG>NWG>OPWG
Carotid artery luminal diameter (cm) 0.61±0.04 0.62±0.03 0.61±0.04 0.60±0.04 0.59±0.04 OG, OWG>OPWG
Values are means ± SD.
Groups based on body fat mass percentage: OG, obesity group (>35.0%); OWG, overweight group (30.0–35.0%); NWG, normal weight 
group (25.0–29.9%); OPWG, optimal weight group (20.0–24.9%)
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However, despite the association of BMI and WHR with 
CIMT, BMI has various deficiencies as a measure of adipos-
ity and is an indirect measure of body fat compared with 
more direct approaches such as bioelectrical impedance, and 
BFM is an imprecise measurement of fatness compared with 
bioelectrical impedance20, 32). In addition, a high BFM is as-
sociated with a high risk of metabolic disorders, CVD33), and 
CAD18). Furthermore, a few studies reported that evaluation 
of obesity based on the BFM percentage is much more desir-
able than evaluation with BMI criteria in Asians (Chinese, 
Japanese, Korean, Taiwanese, and Filipinos)20, 34). Also, 
Saito et al.19) and Zeng et al.35) reported that obesity based 
on increased BFM has a closer association with the risk of 
CVD than BMI in Japanese and Chinese. We believe that 
evaluation of body composition by BFM provides more ac-
curate information concerning obesity than BMI and WHR, 
and a high BFM percentage may be more associated with 
early progress of CAD and CVD in Asians than BMI and 
WHR. However, the relationship between the distribution of 
BFM percentage and CIMT remains unclear.

Therefore, after classifying the subjects into four groups 
according to BFM percentage we compared the differences 
in CIMT and CLD. Our study shows that BMI and WHR 
were significantly different in OG compared with the other 
groups and that they were significantly different in OWG 
compared with NWG and OPWG. On the other hand, there 
was no difference in BMI and WHR between NWG and 
OPWG. However, the BFM percentage was significantly 
different among the four groups in our subjects. Our results 
suggest that the assessment of obesity by BMI, WHR, and 
the BFM percentage produces different results and that the 
BFM percentage may be more valid than the BMI or WHR 

in obesity assessment for Asian population. Also, there were 
significant differences in the increase in CIMT among all 
the groups.

We examined the independent relation between CIMT 
and body composition after adjustment for age, height, blood 
pressure, physical activity, and total cholesterol. Partial 
correlation analysis of BFM percentage, BMI with CIMT 
has a significant positive linear relationship (r = 0.475, r = 
0.344, r = 0.326, p<0.001, respectively). This research also 
showed that there was a higher association between CIMT 
and BFM percentage compared with other body composi-
tion factors, such as BMI and WHR. Furthermore, even if 
we adjusted for the covariance of age, height, blood pres-
sure, physical activity, and total cholesterol level, research 
must be carried out to ascertain if there is an independent 
difference in CIMT based on the BFM percentage. In our 
ANCOVA models, the CIMTs of the four groups classified 
by BFM percentage showed significant differences (F-value 
10.871, p<0.001) between groups after adjustment for age, 
height, systolic blood pressure, physical activity, and total 
cholesterol, revealing that the CIMT and BFM percentage 
are mutually related. Therefore, our research indicates that 
CIMT is related to BMI, WHR, and the BFM percentage in 
elderly women. Our study results also suggest that the BFM 
percentage may have a stronger relationship with CIMT than 
the BMI and WHR.

Tounian et al. 36) studied 48 overweight children and 27 
normal children with in average age of 12 and reported that 
the CIMT of overweight children was 0.49 mm and that of 
normal children was 0.50 mm, showing no big difference 
between the two groups. Furthermore, Olson et al. 37) divided 
59 women in their thirties with normal menstruation into a 

Table 2. Odds ratios (ORs) with 95% confidence intervals (CIs) for the cutoff point of carotid artery intima-
media thickness and the four groups based on body fat mass percentage

Categories Age (yr) N (%) Odds ratio (95% CI)
CIMT cutoff point of 0.75 mm
Unadjusted adjusted 200

Obesity group 69.9±5.5 37 (18.5) 4.044 1.581–10.348 
Overweight group 68.9±7.2 56 (28.0) 2.800 1.251–6.268 
Normal weight group 69.7±6.3 61 (30.5) 1.877 0.398–1.933 
Optirmal weight group 70.9±5.7 46 (23.0) 1.000 

Adjusted of age and systolic blood pressure
Obesity group 3.432 1.286–9.157 
Overweight group 2.496 1.072–5.813 
Normal weight group 1.798 0.430–2.225 
Optirmal weight group 1.000 

Adjusted for multiple factors
Obesity group 3.033 1.064–8.650 
Overweight group 2.459 0.998–6.059 
Normal weight group 1.684 0.469–2.828 
Optirmal weight group 1.000 

CIMT: carotid intima-media thickness; CI: confidence interval
Groups based on body fat mass percentage: OG, obesity group (>35.0%); OWG, overweight group (30.0–
35.0%); NWG, normal weight group (25.0–29.9%); OPWG, optimal weight group (20.0–24.9%)
Adjusted for multiple factors: adjusted for age, height, systolic blood pressure, physical activity level, and 
total cholesterol level
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normal weight group (18.5–24.9 kg/m2), overweight group 
(25.0–29.9 kg/m2), and obese group (≥30 kg/m2) by BMI 
and reported that the BFM percentage showed a significant 
difference between the groups, with the values being 33.4%, 
43.0%, and 45.9%, respectively; however, the carotid artery 
IMT showed no difference between the groups, with the 
values being 0.38 mm, 0.47 mm, and 0.45 mm, respectively. 
These results mean that the relationship between the increase 
in CIMT and the BFM percentage can be different according 
to age. Also, it is likely that the high BFM percentages are 
more closely related to increases in CIMT than high BMIs or 
WHRs in elderly women.

Holaj et al.27) reported that the CIMT cutoff value for 
detection of significant CAD is 0.75 mm (sensitivity 78%, 
specificity 79%, positive predictive value 95%, negative 
predictive value 41%, odds ratio 12.9, CI 3.5 to 47.6). CIMT 
(cutoff value of 0.75 mm reported by Holaj et al.27), and 
Touboul et al.28)) is considered to be a marker of generalized 
atherosclerosis. The estimated risk of sustaining atheroscle-
rosis was defined as an CIMT cut-off over 0.75 mm.

When percentage body fat data were categorized into 
quartiles, the multifactor-adjusted odds ratio and 95% CI as 
calculated by logistic regression analysis showed significant 
relationships between the estimated vulnerability to the 
estimated risk of CAD and the body fat distribution in el-
derly women. Our logistic regressions confirmed significant 
relationships between the BFM percentage and risk of CAD 
estimated by a CIMT cutoff of 0.75 mm. In a crude model, 
the estimated risks of CAD in obesity and overweight groups 
were 4.0 (95% CI, 1.6 to 10.3) and 2.8 (95% CI, 1.3 to 6.3) 
times higher than that for individuals in the optimal weight 
group (reference). When adjusted for age, height, and sys-
tolic blood pressure, the estimated risks of CAD in obesity 
and overweight groups were 3.4 (95% CI, 1.3 to 9.2) and 2.5 
(95% CI, 1.1 to 5.8) times higher than that for individuals 
in the optimal weight group (reference). When adjusted for 
age, height, systolic blood pressure, physical activity, and 
total cholesterol, the risk estimated risk of CAD in obesity 
and overweight groups were 3.0 (95% CI, 1.1 to 8.7) and 2.5 
(95% CI, 1.0 to 6.1) times higher than that for individuals 
in the optimal weight group (reference). Thus, these results 
suggested that high BFM percentage are closely associated 
with a high risk of CAD due to increased CIMT (> 0.75 mm) 
in elderly women.

Research carried out by Meeuwsen et al.38) targeting 
23,627 British individuals reported that the relationship 
between BMI and body fat percentage is not so strong. Also, 
a recent study carried out by Marques-Vidal et al.18) target-
ing more than 5,000 Swiss Caucasian males (average age of 
51.7) and females (average age of 53.1) asserts that body fat 
percentage is more closely related to coronary artery disease 
than BMI, waist circumference, and WHR. These results 
imply that there is a possibility that the connection between 
BFM percentage and CIMT does not only pertain to Asians 
but pertains to Europeans as well.

On the other hand, it is reported that a low fat-free mass 
(FFM) is related to increase of the prevalence rate of chronic 
obstructive pulmonary disease (COPD)39) and disability40, 41) 
and closely related to increase of morbidity and mortality42). 
This study found out that the FFM was lowest in the obesity 

group, which had the highest BFM percentage, followed by 
the overweight group, which had the next lowest FFM, and 
that the optimal weight group, which had the lowest BFM 
percentage, had the highest FFM. These results suggested 
that a low FFM can be related to a high CIMT. However, it 
is necessary for more concrete research on this to be carried 
out.

This research targeted elderly women distinctively and 
indicates a connection between body fat percentage and 
CIMT; nonetheless, the number of research subjects was 
low, and there may be a limit of performing a cross study.

In conclusion, this research revealed that increased body 
fat percentage is independently connected to increased 
intima-media thickness in elderly Asian women. Addition-
ally, the connection between obesity based on a high body 
fat percentage (>35%) and the CAD risk resulting from the 
carotid intima-media thickness was proven. Our results will 
serve as important information concerning the importance 
of body fat management in prevention of coronary artery 
disease resulting from the carotid intima-media thickness.

ACKNOWLEDGEMENT

The study was supported by the Dong-A University Re-
search fund.

REFERENCES

1) Kablak-Ziembicka A, Przewlocki T, Tracz W, et al.: Carotid intima-media 
thickness in pre- and postmenopausal women with suspected coronary ar-
tery disease. Heart Vessels, 2008, 23: 295–300. [Medline]  [CrossRef]

2) Chambless LE, Folsom AR, Clegg LX, et al.: Carotid wall thickness is 
predictive of incident clinical stroke: the Atherosclerosis Risk in Com-
munities (ARIC) study. Am J Epidemiol, 2000, 151: 478–487. [Medline]  
[CrossRef]

3) O’Leary DH, Polak JF, Kronmal RA, et al. Cardiovascular Health Study 
Collaborative Research Group: Carotid-artery intima and media thickness 
as a risk factor for myocardial infarction and stroke in older adults. N Engl 
J Med, 1999, 340: 14–22. [Medline]  [CrossRef]

4) Lorenz MW, Markus HS, Bots ML, et al.: Prediction of clinical cardiovas-
cular events with carotid intima-media thickness: a systematic review and 
meta-analysis. Circulation, 2007, 115: 459–467. [Medline]  [CrossRef]

5) Murakami S, Otsuka K, Hotta N, et al.: Common carotid intima-media 
thickness is predictive of all-cause and cardiovascular mortality in elderly 
community-dwelling people: Longitudinal Investigation for the Longevity 
and Aging in Hokkaido County (LILAC) study. Biomed Pharmacother, 
2005, 59: S49–S53. [Medline]  [CrossRef]

6) Takato T, Yamada N, Ashida T: Effects of aging and sex on progression 
of carotid intima-media thickness: a retrospective 6-year follow-up study. 
Geriatr Gerontol Int, 2008, 8: 172–179. [Medline]  [CrossRef]

7) Tutoğlu A, Boyaci A, Boyaci N, et al.: Is there and relationship between 
joint destruction and carotid intima-media thickness in patients with rheu-
matoid arthritis? J Phys Ther Sci, 2014, 26: 1093–1096. [Medline]  [Cross-
Ref]

8) Jensen-Urstad K, Jensen-Urstad M, Johansson J: Carotid artery diameter 
correlates with risk factors for cardiovascular disease in a population of 
55-year-old subjects. Stroke, 1999, 30: 1572–1576. [Medline]  [CrossRef]

9) Kawamoto R, Tomita H, Ohtsuka N, et al.: Metabolic syndrome, diabetes 
and subclinical atherosclerosis as assessed by carotid intima-media thick-
ness. J Atheroscler Thromb, 2007, 14: 78–85. [Medline]  [CrossRef]

10) Elbaz A, Ripert M, Tavernier B, et al.: Common carotid artery intima-
media thickness, carotid plaques, and walking speed. Stroke, 2005, 36: 
2198–2202. [Medline]  [CrossRef]

11) Chang AK, Choi JY: Factors influencing BMI classifications of Korean 
adults. J Phys Ther Sci, 2015, 27: 1565–1570. [Medline]  [CrossRef]

12) Czernichow S, Bertrais S, Oppert JM, et al.: Body composition and fat 
repartition in relation to structure and function of large arteries in middle-
aged adults (the SU.VI.MAX study). Int J Obes, 2005, 29: 826–832. [Med-

http://www.ncbi.nlm.nih.gov/pubmed/18810577?dopt=Abstract
http://dx.doi.org/10.1007/s00380-008-1044-y
http://www.ncbi.nlm.nih.gov/pubmed/10707916?dopt=Abstract
http://dx.doi.org/10.1093/oxfordjournals.aje.a010233
http://www.ncbi.nlm.nih.gov/pubmed/9878640?dopt=Abstract
http://dx.doi.org/10.1056/NEJM199901073400103
http://www.ncbi.nlm.nih.gov/pubmed/17242284?dopt=Abstract
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.628875
http://www.ncbi.nlm.nih.gov/pubmed/16275507?dopt=Abstract
http://dx.doi.org/10.1016/S0753-3322(05)80010-1
http://www.ncbi.nlm.nih.gov/pubmed/18822001?dopt=Abstract
http://dx.doi.org/10.1111/j.1447-0594.2008.00467.x
http://www.ncbi.nlm.nih.gov/pubmed/25140104?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.1093
http://dx.doi.org/10.1589/jpts.26.1093
http://www.ncbi.nlm.nih.gov/pubmed/10436103?dopt=Abstract
http://dx.doi.org/10.1161/01.STR.30.8.1572
http://www.ncbi.nlm.nih.gov/pubmed/17485892?dopt=Abstract
http://dx.doi.org/10.5551/jat.14.78
http://www.ncbi.nlm.nih.gov/pubmed/16166578?dopt=Abstract
http://dx.doi.org/10.1161/01.STR.0000181752.16915.5c
http://www.ncbi.nlm.nih.gov/pubmed/26157264?dopt=Abstract
http://dx.doi.org/10.1589/jpts.27.1565
http://www.ncbi.nlm.nih.gov/pubmed/15917850?dopt=Abstract


J. Phys. Ther. Sci. Vol. 27, No. 10, 20153146

line]  [CrossRef]
13) Ren C, Zhang J, Xu Y, et al.: Association between carotid intima-media 

thickness and index of central fat distribution in middle-aged and elderly 
Chinese. Cardiovasc Diabetol, 2014, 13: 139. [Medline]  [CrossRef]

14) Oike M, Yokokawa H, Fukuda H, et al.: Association between abdominal 
fat distribution and atherosclerotic changes in the carotid artery. Obes Res 
Clin Pract, 2014, 8: e448–e458. [Medline]  [CrossRef]

15) Bigornia SJ, LaValley MP, Benfield LL, et al.: Relationships between di-
rect and indirect measures of central and total adiposity in children: what 
are we measuring? Obesity (Silver Spring), 2013, 21: 2055–2062. [Med-
line]  [CrossRef]

16) Flegal KM, Shepherd JA, Looker AC, et al.: Comparisons of percentage 
body fat, body mass index, waist circumference, and waist-stature ratio in 
adults. Am J Clin Nutr, 2009, 89: 500–508. [Medline]  [CrossRef]

17) Calling S, Hedblad B, Engström G, et al.: Effects of body fatness and phys-
ical activity on cardiovascular risk: risk prediction using the bioelectrical 
impedance method. Scand J Public Health, 2006, 34: 568–575. [Medline]  
[CrossRef]

18) Marques-Vidal P, Bochud M, Mooser V, et al.: Obesity markers and esti-
mated 10-year fatal cardiovascular risk in Switzerland. Nutr Metab Car-
diovasc Dis, 2009, 19: 462–468. [Medline]  [CrossRef]

19) Saito I, Yonemasu K, Inami F: Association of body mass index, body fat, 
and weight gain with inflammation markers among rural residents in Ja-
pan. Circ J, 2003, 67: 323–329. [Medline]  [CrossRef]

20) Simova I, Denchev S, Chang CS, et al.: Endothelial functional and struc-
tural impairment in patients with different degrees of coronary artery 
disease development. Heart Vessels, 2008, 23: 308–315. [Medline]  [Cross-
Ref]

21) Simova I, Denchev S: Endothelial functional and structural impairment 
in patients with different degrees of coronary artery disease development. 
Heart Vessels, 2008, 23: 308–315. [Medline]  [CrossRef]

22) Park JH, Park H, Lim ST, et al.: Effects of a 12-week healthy-life exer-
cise program on oxidized low-density lipoprotein cholesterol and carotid 
intima-media thickness in obese elderly women. J Phys Ther Sci, 2015, 27: 
1435–1439. [Medline]  [CrossRef]

23) Ruan L, Chen W, Srinivasan SR, et al.: Correlates of common carotid ar-
tery lumen diameter in black and white younger adults: the Bogalusa Heart 
Study. Stroke, 2009, 40: 702–707. [Medline]  [CrossRef]

24) World Health Organization: Physical status: the use and interpretation of 
anthropometry. Report of a WHO Expert Committee. World Health Organ 
Tech Rep Ser, 1995, 854: 1–452. [Medline]

25) Dee A, McKean-Cowdin R, Neuhouser ML, et al.: DEXA measures of 
body fat percentage and acute phase proteins among breast cancer sur-
vivors: a cross-sectional analysis. BMC Cancer, 2012, 12: 343. [Medline]  
[CrossRef]

26) Chen W, Srinivasan SR, Xu J, et al.: Effect of parental coronary artery 
disease on adverse effects of the metabolic syndrome and aging on carotid 
artery intima-media thickness (from the Bogalusa Heart Study). Am J Car-
diol, 2008, 102: 180–183. [Medline]  [CrossRef]

27) Holaj R, Spacil J, Petrasek J, et al.: Intima-media thickness of the common 
carotid artery is the significant predictor of angiographically proven coro-
nary artery disease. Can J Cardiol, 2003, 19: 670–676. [Medline]

28) Touboul PJ, Labreuche J, Vicaut E, et al. GENIC Investigators: Carotid 
intima-media thickness, plaques, and Framingham risk score as indepen-
dent determinants of stroke risk. Stroke, 2005, 36: 1741–1745. [Medline]  
[CrossRef]

29) Lo J, Dolan SE, Kanter JR, et al.: Effects of obesity, body composition, and 
adiponectin on carotid intima-media thickness in healthy women. J Clin 
Endocrinol Metab, 2006, 91: 1677–1682. [Medline]  [CrossRef]

30) Marini MA, Succurro E, Frontoni S, et al.: Metabolically healthy but obese 
women have an intermediate cardiovascular risk profile between healthy 
nonobese women and obese insulin-resistant women. Diabetes Care, 2007, 
30: 2145–2147. [Medline]  [CrossRef]

31) Hassinen M, Lakka TA, Komulainen P, et al.: Association of waist and hip 
circumference with 12-year progression of carotid intima-media thickness 
in elderly women. Int J Obes, 2007, 31: 1406–1411. [Medline]  [CrossRef]

32) Roubenoff R, Dallal GE, Wilson PW: Predicting body fatness: the body 
mass index vs estimation by bioelectrical impedance. Am J Public Health, 
1995, 85: 726–728. [Medline]  [CrossRef]

33) Singh RB, Niaz MA, Beegom R, et al.: Body fat percent by bioelectrical 
impedance analysis and risk of coronary artery disease among urban men 
with low rates of obesity: the Indian paradox. J Am Coll Nutr, 1999, 18: 
268–273. [Medline]  [CrossRef]

34) Wang J, Thornton JC, Russell M, et al.: Asians have lower body mass index 
(BMI) but higher percent body fat than do whites: comparisons of anthro-
pometric measurements. Am J Clin Nutr, 1994, 60: 23–28. [Medline]

35) Zeng Q, Dong SY, Sun XN, et al.: Percent body fat is a better predictor of 
cardiovascular risk factors than body mass index. Braz J Med Biol Res, 
2012, 45: 591–600. [Medline]  [CrossRef]

36) Tounian P, Aggoun Y, Dubern B, et al.: Presence of increased stiffness of 
the common carotid artery and endothelial dysfunction in severely obese 
children: a prospective study. Lancet, 2001, 358: 1400–1404. [Medline]  
[CrossRef]

37) Olson TP, Schmitz KH, Leon AS, et al.: Vascular structure and function 
in women: relationship with body mass index. Am J Prev Med, 2006, 30: 
487–492. [Medline]  [CrossRef]

38) Meeuwsen S, Horgan GW, Elia M: The relationship between BMI and per-
cent body fat, measured by bioelectrical impedance, in a large adult sample 
is curvilinear and influenced by age and sex. Clin Nutr, 2010, 29: 560–566. 
[Medline]  [CrossRef]

39) Bolton CE, Ionescu AA, Shiels KM, et al.: Associated loss of fat-free mass 
and bone mineral density in chronic obstructive pulmonary disease. Am J 
Respir Crit Care Med, 2004, 170: 1286–1293. [Medline]  [CrossRef]

40) Fantin F, Di Francesco V, Fontana G, et al.: Longitudinal body compo-
sition changes in old men and women: interrelationships with worsening 
disability. J Gerontol A Biol Sci Med Sci, 2007, 62: 1375–1381. [Medline]  
[CrossRef]

41) Hirayama M, Nagata Y, Tsutou A: Relationship between body composition 
and functional outcomes in males with subacute stroke. J Phys Ther Sci, 
2007, 19: 177–182.  [CrossRef]

42) Heitmann BL, Hills AP, Frederiksen P, et al.: Obesity, leanness, and mor-
tality: effect modification by physical activity in men and women. Obesity 
(Silver Spring), 2009, 17: 136–142. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/15917850?dopt=Abstract
http://dx.doi.org/10.1038/sj.ijo.0802986
http://www.ncbi.nlm.nih.gov/pubmed/25359238?dopt=Abstract
http://dx.doi.org/10.1186/s12933-014-0139-2
http://www.ncbi.nlm.nih.gov/pubmed/25263834?dopt=Abstract
http://dx.doi.org/10.1016/j.orcp.2013.09.002
http://www.ncbi.nlm.nih.gov/pubmed/23512441?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23512441?dopt=Abstract
http://dx.doi.org/10.1002/oby.20400
http://www.ncbi.nlm.nih.gov/pubmed/19116329?dopt=Abstract
http://dx.doi.org/10.3945/ajcn.2008.26847
http://www.ncbi.nlm.nih.gov/pubmed/17132589?dopt=Abstract
http://dx.doi.org/10.1080/14034940600595621
http://www.ncbi.nlm.nih.gov/pubmed/19185476?dopt=Abstract
http://dx.doi.org/10.1016/j.numecd.2008.10.001
http://www.ncbi.nlm.nih.gov/pubmed/12655163?dopt=Abstract
http://dx.doi.org/10.1253/circj.67.323
http://www.ncbi.nlm.nih.gov/pubmed/18810579?dopt=Abstract
http://dx.doi.org/10.1007/s00380-008-1054-9
http://dx.doi.org/10.1007/s00380-008-1054-9
http://www.ncbi.nlm.nih.gov/pubmed/18810579?dopt=Abstract
http://dx.doi.org/10.1007/s00380-008-1054-9
http://www.ncbi.nlm.nih.gov/pubmed/26157235?dopt=Abstract
http://dx.doi.org/10.1589/jpts.27.1435
http://www.ncbi.nlm.nih.gov/pubmed/19131651?dopt=Abstract
http://dx.doi.org/10.1161/STROKEAHA.108.531608
http://www.ncbi.nlm.nih.gov/pubmed/8594834?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22873489?dopt=Abstract
http://dx.doi.org/10.1186/1471-2407-12-343
http://www.ncbi.nlm.nih.gov/pubmed/18602517?dopt=Abstract
http://dx.doi.org/10.1016/j.amjcard.2008.03.035
http://www.ncbi.nlm.nih.gov/pubmed/12772017?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16020769?dopt=Abstract
http://dx.doi.org/10.1161/01.STR.0000174490.23495.57
http://www.ncbi.nlm.nih.gov/pubmed/16522690?dopt=Abstract
http://dx.doi.org/10.1210/jc.2005-2775
http://www.ncbi.nlm.nih.gov/pubmed/17507694?dopt=Abstract
http://dx.doi.org/10.2337/dc07-0419
http://www.ncbi.nlm.nih.gov/pubmed/17372615?dopt=Abstract
http://dx.doi.org/10.1038/sj.ijo.0803613
http://www.ncbi.nlm.nih.gov/pubmed/7733439?dopt=Abstract
http://dx.doi.org/10.2105/AJPH.85.5.726
http://www.ncbi.nlm.nih.gov/pubmed/10376784?dopt=Abstract
http://dx.doi.org/10.1080/07315724.1999.10718862
http://www.ncbi.nlm.nih.gov/pubmed/8017333?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22510779?dopt=Abstract
http://dx.doi.org/10.1590/S0100-879X2012007500059
http://www.ncbi.nlm.nih.gov/pubmed/11705484?dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(01)06525-4
http://www.ncbi.nlm.nih.gov/pubmed/16704942?dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2006.02.006
http://www.ncbi.nlm.nih.gov/pubmed/20359792?dopt=Abstract
http://dx.doi.org/10.1016/j.clnu.2009.12.011
http://www.ncbi.nlm.nih.gov/pubmed/15374843?dopt=Abstract
http://dx.doi.org/10.1164/rccm.200406-754OC
http://www.ncbi.nlm.nih.gov/pubmed/18166688?dopt=Abstract
http://dx.doi.org/10.1093/gerona/62.12.1375
http://dx.doi.org/10.1589/jpts.19.177
http://www.ncbi.nlm.nih.gov/pubmed/18997669?dopt=Abstract
http://dx.doi.org/10.1038/oby.2008.479

