Journal of The Korea Society of Computer and Information
Vol. 21 No. 11, pp. 113-120, November 2016

www ksci.re.kr
http://dx.doi.org/10.9708/jksci.2016.21.11.113

Gender differences in the relationship between adiposity and systolic

inter-arm blood pressure difference in Korea adults

Gwang-Seok Kim *

Abstract

The present study was conducted to assess gender differences in the relationship between

adiposity and systolic inter-arm blood pressure difference (sIAD) in Korean adults. In this paper, we

propose a 410 adults (235 men and 175 women) who were over 30 years old and had undergone a
health check participated from June to November 2013. The incidences of high sIAD (sIAD =10

mmHg) in males and females were 24.6% and 15.3%, respectively. We conducted a logistic regression

analysis after adjusting for variables such as age, smoking, drinking, exercising, TC, TG, HDL-C, and
FPG. Key study results were as follows: First, in men, the odds ratio (OR) of high sIAD of the
obesity group was significantly higher than that of the normal weight group [2.25 (95% confidence
interval (CI), 1.19-4.25)], but abdominal obesity was not associated with high sIAD. Second, in

women, the OR of high sIAD of the abdominal obesity group was significantly higher than that of the

non-abdominal obesity group [2.52 (95% CI, 1.03-6.13)], but obesity status was not associated with

high sIAD. In conclusion, Obesity is associated with the incidence of high sSIAD in Korean men, and

abdominal obesity is associated with the incidence of high sIAD in Korean women.
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[. Introduction

Obesity is one of the most important public health
problems due to its association with many chronic
diseases, such as cardiovascular disease, hypertension,

diabetes mellitus, and dyslipidemia[1-4]. In addition,

abdominal obesity has consistently been shown to be

related to the increased risk of cardiovascular disease,
such as peripheral vascular disease, hypertension, and
insulin resistance[5-8].

The systolic inter—arm blood pressure difference

(sIAD) is found in normal people by examining the
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anatomical and hemodynamic structure of the aorta[9,10].
In healthy adults, the sIAD is usually less than 10
mmHg[11]. However, if the sIAD measures more than
10 mmHg, the arteries beneath the clavicle might be
narrow or blocked, and due to this, the risks of peripheral
arterial  disease, cerebrovascular  disease, and
cardiovascular disease are increased[12,13]. Recently,
research on sIAD and risk factors of cardiovascular
disease has been conducted all over the world. However,
the majority of the research has been conducted in
subjects with diseases such as diabetes mellitus, and little
adults.

Therefore, the present study aimed to investigate the

research has been conducted on Korean
gender differences in the relationship between sIAD and
adiposity (obesity and abdominal obesity) in Korean

adults.

[I. Materials and methods

1. Study population

In this study, 532 adults who were over 30 years old
and had underwent check-up at health check center of
in 2013. We

excluded 122 subjects whose data were missing important

Gwangju between June to November

analytic variables, such as various blood chemistry tests
(85 subjects) or both blood pressures (37 subjects). 410
subjects (235 men and 175 women) included in the

analyses.

2. Data collection

The participants were given a written consent form
explaining that they could autonomously participate in the
study, they could withdraw from it anytime, the results
from questionnaire and health check would be used for
research only and anonymity was guaranteed. The
personal information was removed from the data to
prevent identification of any individual in accordance with
the privacy policy. Additionally, the Institutional Review
Board (IRB) of Chosun University Hospital gave their
approval for this study (IRB No. 2013-07-017-001).
General characteristics [gender, age, drinking, smoking,

and exercise], physical measurements [height, weight,

(BMD),
blood
triglycerides
(HDL-0),
glucose (FPG)], and blood pressure (both systolic and

circumstance
[total
high density

index and waist
(WM)],
(TO),

lipoprotein cholesterol

body mass
chemistry test
(TGs),

and fasting plasma

measurement

cholesterol

diastolic blood pressures).

3. General characteristics of research subjecis
The health

classified into

categories of the participants were

three parts: drinking, smoking and
exercising. In the drinking category, the drinking group
was classified that drink more than a glass of liquor per
week, and the non-drinking group was classified that
drink less than a glass of liquor per week. In the smoking
category, participants who smoked more than one
cigarette a day, those who previously smoked but do not
presently smoke, and those who never smoked were
classified into the current-smoking group, ex—smoking
In the

exercising category, the exercising group was classified

group and non-smoking group, respectively.
that exercising sweated more than 30 minutes per day,

and the non-exercising group was classified that

exercising sweated less than 30 minutes per day.

4. Blood test

The participants fasted from 10 PM before the test
day. Blood sampling was performed after blood pressure
measurement. Blood was collected from the right brachial
veins and was analyzed for TC, TGs, HDL-C, and FPG
using an automatic chemistry analyzer (Hitachi, Hitachi
7170, Japan).

5. Blood pressure measurement and sIAD

The
measured by a
sphygmomanometer (AND, TM-2655P, Japan) after the

participants rested for over 20 minutes. Blood pressures

systolic and diastolic blood pressure were

nurse  using an  automatic

was measured twice on the right and left arm, and the
average of the two values was calculated. To calculate
the sIAD in SBP, we expressed it as the relative
difference (right-arm SBP [R] minus left-arm SBP [L]:
R-L) and the absolute difference (IR-L|). High sIAD
group and normal sIAD group was classified sIAD =10
mmlg and sIAD <10 mmlg, respectively[13].
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Table 1 General characteristics of research subjects

n(%), Mean £+ SD (n=410)

Variables Category Total (n=410) Males (n=235) Females (n=175) p

Age (years) 54.04%12.02 52.31+11.37 56.37+12.51 0.001

Smoking Non-smoker 294(71.7) 131(55.7) 163(93.1) <0.001
Ex—smoker 42(10.2) 39(16.6) 3(1.7)
Non-smoker 74(18.0) 65(27.7) 9(5.2)

Drinking Non—drinker 310(75.6) 166(70.6) 144(82.3) 0.007
Drinker 100(24.4) 69(29.4) 31(17.7)

Exercise No 319(77.8) 169(71.9) 150(85.7) 0.001
Yes 91(22.2) 66(28.1) 25(14.3)

BMi(kg/m’) < 25.0 232(56.6) 126(53.6) 106(60.6) 0.190
> 25.0 178(43.4) 109(46.4) 69(39.4)

WM(cm) Fe“f:;;fgoogm 313(76.3) 193(82.1) 120(68.6) 0.001
Fe'\r"na:fjs ZZ 950 Ocrm 97(23.7) 42(17.9) 55(31.7)

High sIAD (mmHg) SIAD < 10 314(76.6) 171(72.8) 143(81.7) 0.034
sIAD = 10 96(23.4) 64(27.2) 32(18.3)

SIAD (mmHg) 6.50+6.01 6.85+5.90 6.02+6.13 0.168

Rt-SBP (mmHg) 124.37+16.72 126.96+16.23 120.90+16.79 <0.001

Lt-SBP (mmHg) 122.06+16.65 125.00+16.04 118.12+16.68 <0.001

Rt-DBP (mmHg) 77.35+9.91 78.59+10.54 75.70+8.77 0.003

Lt-DBP (mmHg) 76.81+10.46 78.10+£11.16 75.07+£9.19 0.004

TC (mg/dl) 201.56+31.10 200.03+32.16 203.62+29.59 0.249

TGs (mg/de) 129.95+77.70 138.13+80.16 119.97+73.06 0.013

HDL-C (mg/df) 54.84+11.76 53.40+11.84 56.77+11.39 0.004

FPG (mg/df) 106.22427.22 107.25426.22 104.84428.52 0.376

6. Adiposity

Participants removed their shoes and wore only the
test gown while their height and weight were measured
using height measuring instruments (CAS, RS-232C,
Korea). The formula used for determining the BMI was:
BMI (kg/m?) = weight (kg)/height(m)?. Obesity status was
classified as normal weight group [BMI <25.0 kg/mz]and
obesity group [BMI >25.0 kg/m®1[14]. The WM by a
trained nurse using a tape measure with the patient in a
vertical position of the participant. Abdominal obesity
status was classified as non-abdominal obesity group
(WM <90 cm in men or WM <80 cm in women) and
abdominal obesity group (WM =90 cm in men or WM >
80 cm in women)[15].

7. Data analysis

The collected data were statistically analyzed using
SPSS WIN (ver. 18.0). The distributions of the
participant  characteristics were  converted into
percentages, and thsuccessive data were presented as

averages with standard deviations. In men and women,

the differences of categorical and successive variables
according to normal sIAD group (sIAD <10 mmHg) and
high SIAD group (SIAD >10 mmHg) were analyzed using
t-test. The
difference of the sIAD according to the abdominal

chi-squared and independent average
obesity and obesity were calculated using independent
t-test and an analysis of covariance (ANCOVA). In
addition, a logistic regression analysis was performed on
the odds ratio (OR) values of the high sIAD. The
significance level for all of the statistical data was set as

p<0.05.

[1l. Results

1. General characteristics of research
subjects without diabetes mellitus

General characteristics of the research subjects are
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Table 2. Characteristics of subjects according to normal and high slAD in females

n (%), Mean+SD (n=175)

sIAD
Variables Category Normal (n=143) High (n=32)
(< 10 mmHg) (> 10 mmHg)
Age (years) 55.84+12.66 58.72+11.72 0.240
Smoking Non-smoker 136(95.1) 25(78.1) 0.009
Ex—smoker 3(2.1) 2(6.3)
Non-smoker 4(2.8) 5(15.6)
Drinking Non-drinker 118(82.5) 26(81.3) 0.865
Drinker 25(17.5) 6(18.7)
Exercise No 125(87.4) 25(78.1) 0.175
Yes 18(12.6) 7(21.9)
BMI (kg/m*) < 25.0 91(63.6) 15(46.9) 0.079
> 250 52(36.4) 17(53.1)
WM (cm) Males < 90 or Females 106(74.1) 145(43.8) 0.001
< 80 cm
Males = 90 or Females
> 80 om 37(25.9) 18(56.2)
sIAD (mmHg) 3.63+2.66 16.72+5.82 <0.001
Rt=SBP (mmHg) 118.18+14.72 133.03+20.11 <0.006
Lt-SBP (mmHg) 116.97+15.68 123.25+20.25 0.105
Rt-DBP (mmHg) 74.72+8.31 80.06+9.57 0.002
Lt-DBP (mmHg) 74.26+8.58 78.69+10.97 0.013
TC (mg/df) 204.21+29.24 200.97+31.47 0.577
TGs (mg/dZ) 112.80+65.16 146.53+97.73 0.018
HDL-C (mg/df) 57.34+£11.39 54.22+11.24 0.161
FPG (mg/dl) 102.50+29.12 115.31+23.32 0.021

shown in Table 1. The mean value of sIAD was
6.50£6.01 mmHg, and the prevalence rate of high sIAD
(sIAD =10 mmHg) was 96 (23.4%) of the 410 subjects
(males, 235; females, 175). In men, the mean of age was

52.31+11.37 years. The prevalence rate of obesity and

years.

Table 4 Comparison on ORs of highslAD according to abdominal obesity andobesity status in males

abdominal obesity were 109 (46.4%) and 42 (17.9%),
respectively. The mean value of sIAD was 6.85%5.90

mmHg, and the prevalence rate of high sIAD was 64
(27.2%). In women, the mean of age was 56.37+£12.51

(n=235)
Variables Non-adistod O3 6% 00 | P | % Adustod OB omen. | °
a Normal 1.00 1.00
B Obesity 2.06 (1.15-3.69) 0.015 2.25 (1.19-4.25) 0.012
¥y Normal 1.00 1.00
8 Abdominal obesity 1.25 (0.60-2.59) 0.551 1.20 (0.56-2.59) 0.640

* Adjusted for age, smoking, drinking, exercising, TC, TGs, HDL-C, and FPG
a Normal is defined asBMI < 25.0 kg/m*, B Obesity is defined as BMI = 25.0 kg/m’, y Normal is defined as WM<80 cm,

8Abdominal obesity is defined as WM = 80.

Table 5 Comparison on ORs of highslAD according to abdominal obesity andobesity status in females

(n=175)
. High slIAD (slAD >10mmHg) High slAD (sIAD >10mmHg)
Variables ) p ) p
Non-adjusted OR (95%, Cl) * Adjusted OR (95%,Cl)
o Normal 1.00 1.00
B Obesity 1.98 (0.92-4.30) 0.083 1.43 (0.61-3.38) 0.415
¥ Normal 1.00 1.00
8 Abdominal obesity 3.68 (1.67-8.14) 0.001 2.52 (1.03-6.13) 0.043

* Adjusted for age, smoking, drinking, exercising, TC, TGs, HDL-C, and FPG

a Normal is defined asBMI < 25.0 kg/m*, B Obesity is defined as BMI = 25.0 kg/m’, y Normal is defined as WM<80 cm,
8Abdominal obesity is defined as WM = 80.



Gender differences in the relationship between adiposity and

systolic inter—arm blood pressure difference in Korea adults

117

The prevalence rate of obesity and abdominal obesity
were 69 (39.4%) and 55 (31.7%), respectively. The mean
value of sIAD was 6.02+6.13 mmHg, and the prevalence
rate of high sIAD was 32 (18.3%).

2. Characteristics of subjects according to
normal and high slAD

The results of comparison on characteristics of
subjects according to normal and high sIAD are shown in
Table 2 and 3. In men, the obesity status (p=0.051) and
(p=0.550)
between high

abdominal obesity were not significant

differences sIAD group and normal
s[ADgroup. In women, the abdominal obesity (p=0.001)
was significant in differences between high sIAD group
and normal sIAD group, but the obesity status (p=0.095)

was not.

3. Comparison of slAD levels according to
obesity and abdominal obesity

Comparisons of sIAD levels according to abdominal
obesity and obesity are shown in Figure 1. In males, after
adjusting for age, smoking, drinking, exercising, TC, TGs,
HDL-C, and FPG, sIAD levels was significantly higher
(p=0.007)
overweight group (5.78+0.77 mmHg) than the normal

in obesity group (8.54+£0.65 mmHg) and

weight group (5.04£0.86 mmHg). However, sIAD levels
was not significantly average difference (p=0.943) in
abdominal obesity (6.86£0.93 mmHg) than the
non-abdominal obesity group (6.85+0.43 mmlilg). In

females, after adjusting for related variables, sIAD levels
was significantly higher (p=0.034) in abdominal obesity
(7.55£0.84 mmHg) than the non-abdominal obesity group
(5.33£0.56 mmHg). sIAD
significantly average difference (p=0.822)
group (6.23£0.83 mmHg) and
(6.36£0.96 mmHg)
(5.60£0.84 mmHg).

However, levels was not
in obesity
overweight  group

than the normal weight group

4, Comparisons of odds ratio of high slAD
according to adiposity

Comparisons of odds ratio (OR) of high sIAD according
to abdominal obesity and obesity status are shown in
Table 4. In men, after adjusting for age, smoking,
drinking, exercising, TC, TGs, HDL-C, and FPG, the OR
of high sIAD of the obesity group [2.395 (95% confidence
interval (CD, 1.088-5.269)]
weight group was significantly higher. However, the OR of
high sIAD of the abdominal obesity group [1.201 (95% CI,
0.558-2.585)] compared to the non-abdominal obesity
group was not significant. In women, after adjusting for
related variables, the OR of high sIAD of the abdominal
obesity group compared to the non-abdominal obesity
group [2.515 (95% CI, 1.032-6.132)] was significantly
higher. However, the OR of high sIAD of the overweight
[2.088 (95% CI, 0.627-6.960)] and obesity group [2.067
(95% CI, 0.714-5.983)] compared to the normal weight

group was not significant.

compared to the normal

T.84 &M ales T.55
T
6.57 “Females 6.84
LR i) 5.66 ==

— T Fi J_ 5.33
= -

=

MNormal weight Ob esity Non-abdominal Abdominal
obesity obesity
Males, p=0.023; Females, p=0.347 Males . p=0.943; Females. p=0.034

Fig. 1 Comparison on the mean of slIAD levels according to abdominal obesity and obesity status
Comparison on the mean of slAD levels according to obesity and abdominal obesity adjusted forage, smoking,
drinking, exercising, TC, TGs, HDL-C, and FPG. ANCOVA was used to determine adjusted means.Normal weight: BMI
< 25.0 kg/m ; Obesity: BMI = 25.0 kg/m* ; Non—abdominal obesity: WM < 90 in malesor < 80 cmin females;
Abdominal obesity: WM = 90 in males or = 80 cmin females.
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V. Discussion

This study was performed to determine the gender
differences in the relationship between adiposity and sIAD
in Korean adults. There were several key findings of this
study after adjustment for variables relevant to sIAD
levels. In men, obesity was associated with increases in
sIAD levels and the OR of high sIAD. On the other hand,
in women, abdominal obesity was associated with
increases in sIAD levels and the OR of high sIAD (Figure
1 and Table 4).

The prevalence of high sIAD (sIAD >10 mmHg) varies
across ethnic groups and countries, and it tends to be
higher in patients with diabetes mellitus and
hypertension[16,17]. Inaddition, sIAD levels have been
found to be associated with a significantly increased risk
of future cardiovascular events[18]. The prevalence of of
high sIAD (23.4%) in our result is higher than those
reported by Su and colleagues[19] and Kim and
colleagues[20], and is lower than that reported by Clark
and colleagues[21], but is similar to that reported by Tak
and colleagues[22]. In addition, it was similar to the
result of a meta—analysis performed by Clack and
colleagues[23]. In these results, the pooled prevalence of
high sIAD from four studies was 19.6%. In their other
study, they proposed that IAD might be caused by
peripheral vascular disease, which is a strong predictor of
The hypothesis that high

disease  and

cardiovascular disease[24].
sIAD

atherosclerosis has significant clinical implications[19,25].

reflects  peripheral  vascular
It has been shown that high sIAD is associated with an
increase of cardiovascular mortality[26,27]. Previous
that high sIAD might
hemodynamic differences caused by ongoing endothelial
stiffness[12].  Obesity and

obesity are associated with the risk of

study suggested represent
dysfunction and arterial
abdominal
cardiovascular disease directly or indirectly related to
hypertension, hyperglycemia, and lipid metabolism
disorders[28,29],

metabolic syndrome that is an independent predictor of

and are consistent risk factors of

arterial stiffness and endothelial dysfunction[30-33].
The findings on the relationship between adiposity
(obesity and abdominal obesity) and SIAD vary across
ethnic groups, countries, and studies. Some studies
reported that sIAD was not associated with obesity.

Espeland and colleagues reported that obesity was not

significantly associated with SIAD in subjects with
diabetes (p=0.070)[34] and Seethalakshmi and colleagues
reported that obesity was not significantly associated with
high sIAD in healthy medical students (p=0.078)[35].
However, some studies reported that sIAD was associated
with obesity.In the Framingham Heart Study, Weinberg
and colleagues reported that an increased BMI level was
significantly associated with high sIAD[20]. In a Chinese
study with 1,120 subjects, Su and colleagues reported
that BMI (per 1 kg/m®) was independently associated with
high sIAD (OR, 1.112; 95%CI, 1.054-1.174; p<0.001)[21].
In the sample from the Baltimore Longitudinal Study of
Aging, Canepa and colleagues reported that obesity
(p<0.001)  and (p<0.001)
significantly associated with highs IAD[12]. On the other
hand, Clack and colleagues reported that BMI was not
significantly associated with high sIAD (p=0.23) but that
the waist-hip ratio was significantly associated with high
sIAD in subjects with diabetes (p=0.003)[36].

Currently, little research exists on the relationship

abdominal obesity were

between abdominal obesity and obesity status and sIAD in
men and women. Kim and colleagues reported that
obesity status (men, p=0.757; women, p=0.185) was not
significantly related to sIAD levels[22]. However, in their
study, the mean sIAD level (men, 3.19+£2.38 mmHg;
women, 2.61+£2.18 mmllg) and the prevalence of high
SIAD (men, 1.9%; women, 0%) were lower than those in
our study. In the present study, obesity was positively
associated with sIAD levels and the OR of high sIAD in
men but not in women. On the other hand, abdominal
obesity was positively associated with the sSIAD levels
and the OR of high sIAD in women but not in men. The
mechanisms underlying the gender difference in
relationship between obesity and abdominal obesity and
sIAD have not yet been defined. It may consider that this

association is due to sexual hormones such as estrogens.

V. Conclusion

The present study was conducted to assess gender
differences in the relationship between adiposity and sIAD
in Korean adults. Obesity is associated with the incidence
of high sIAD in Korean men, and abdominal obesity is

associated with the incidence of high sSIAD in Korean
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women.

However, there are several potential explanations.
Firstly, the effects of the interactions of gender in gene
expression with environmental variables, such as diet
composition and exercise/activity, on fatness and fat
distribution are different[37]. Secondly, physiological
differences between the two sexes may affect arterial
stiffness and endothelial dysfunction, including fatty acid
metabolism, such as systemic free fatty acid release,

visceral fatty acid storage, and fatty acid oxidation[38].
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