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ABSTRACT

Objectives: This study aimed to investigate arterial stiffness index, physical activity, and food 
and nutrient intake in middle-aged adults over 40 years when the incidence of cardiovascular 
disease begins to increase.
Methods: This study included 106 subjects (48 males and 58 females) aged between 40 and 
64 years. The arterial stiffness index (brachial-ankle pulse wave velocity [baPWV], and ankle-
brachial index [ABI]) were measured using a blood pressure pulse wave testing device. Physical 
activity was assessed using the Korean version of the Global Physical Activity Questionnaire, 
and food and nutrient intake was calculated using the Food Frequency Questionnaire.
Results: The mean age of the subjects was 54.4 years. Although the ABI of the subjects was 
within the normal range, they were divided into tertiles to compare physical activity and 
food and nutrient intake. In males, the time spent on moderate to vigorous physical activity 
(MVPA) was significantly higher in T3 (600.6 min/week) than in T1 (304.4 min/week). In 
females, the time spent in sedentary behavior was significantly lower in T3 (294.5 min/week) 
than in T1 (472.1 min/week). In addition, the frequency of fish consumption was significantly 
higher in T3 (1.27 frequency/day) than in T1 (0.64 frequency/day) in females. Polyunsaturated 
fatty acid (PUFA) and ω-3 fatty acid intake, adjusted for energy intake, were significantly 
positively correlated with ABI (r = 0.200 and r = 0.218, respectively).
Conclusions: High MVPA (in males), low sedentary behavior (in females), and PUFA and 
ω-3 fatty acid intake through fish consumption may be associated with low peripheral artery 
stiffness. Therefore, arteriosclerosis can be prevented through physical activity and proper 
dietary therapy.

Keywords: arterial stiffness index; physical activity; food frequency questionnaire; 
polyunsaturated fatty acid; ω-3 fatty acid

INTRODUCTION

Cardiovascular disease (CVD), a condition affecting the heart and blood vessels, has been 
reported by the World Health Organization (WHO) as a major cause of death worldwide [1]. In 
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Data Availability
The participants of this study did not give 
written consent for their data to be shared 
publicly, so due to the sensitive nature of the 
research supporting data is not available.

addition, according to Korea's cause of death statistics, CVD will be the second leading cause 
of death in 2022, with mortality rates increasing with age [2]. According to the Statistics 2023 
report, the CVD mortality rate per 100,000 people in 2022 varies by age group. The rate starts 
low at 6.8 in the 30s, but increases to 20.4 in the 40s, then more significantly to 46.5 in the 50s. 
It surpasses 100 in the 60s (104.2) and rises sharply to 2,283.5 in the 70s and older [2].

Factors that increase the risk of occurrence and death from CVDs include various health and 
clinical indicators such as age, sex, hypertension, diabetes, blood lipid level, family history 
of CVD, and smoking [3]. Particularly, the risk of asymptomatic arteriosclerosis increases as 
arterial stiffness increases [4,5]. Arterial stiffness refers to a state in which the arterial wall 
loses its original elasticity and becomes hard due to structural and functional changes; it is 
used as an independent indicator to predict the risk of CVD [5,6]. Factors closely related to 
associated arterial stiffness include aging, hypertension, diabetes, and dyslipidemia, as well 
as physical activity and dietary factors [5-7]. Among these, increased physical activity and 
improved diet are positive factors for preventing CVDs and improving arterial stiffness [7,8].

Methods for measuring arterial stiffness include invasive methods such as coronary 
angiography and non-invasive methods such as ultrasound imaging and computed 
tomography. However, their clinical use is limited by high costs and surgical risks [9]. 
Bachial-ankle pulse wave velocity (baPWV), a non-invasive method of measuring pulse waves, 
was recently assessed using an oscillometric method incorporated into a blood pressure 
monitor cuff and paired with brachial-ankle blood pressure measurement. The ankle-brachial 
index (ABI) is used as an indicator of arterial stiffness [10]. baPWV refers to the speed of 
blood flow through the upper arm and ankle and is used to evaluate the stiffness of the 
arterial wall. It is known that the harder the artery, the faster the speed and the higher the 
risk of arteriosclerosis increases [10]. The ABI measures the blood pressure in the upper 
arm and ankle and is calculated by dividing the ankle systolic blood pressure by the brachial 
systolic blood pressure. In general, the normal level in healthy individuals is 1.0–1.4, and it 
has been reported that the risk of developing peripheral vascular disease increases as the level 
decreases to 0.9 or less [11]. On the other hand, if the ABI level is 1.4 or more, it indicates the 
uncompressed state due to calcification of the artery; however, this subject is excluded from 
the study [12].

baPWV and ABI are recognized for their high clinical utility due to several factors: simple and 
economical measurement methods, the ability to obtain repeatable measurements, and a 
growing body of research actively investigating their applications [10-23]. Therefore, studies 
on the relevance of physical activity, a factor affecting arteriosclerosis, have used baPWV and 
ABI as indicators of arterial stiffness [10-18].

Methods for assessing physical activity include measuring body movements using tools such 
as accelerometers and self-recording methods using questionnaires [10]. Because the self-
recording method places a relatively low cost and burden on the subject, the Korean National 
Health and Nutrition Examination Survey (KNHANES) also uses the Global Physical Activity 
Questionnaire (GPAQ) as a physical activity evaluation tool. The GPAQ is classified into four 
domains: work, recreational activities, moving from place to place, and sedentary behavior; 
therefore, it has the advantage of being able to interpret physical activity by domain [24].

Recent studies using baPWV and ABI include the relationship between physical activity and 
arterial stiffness assessed with an accelerometer, an objective measurement tool in healthy 
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adults [10]; the relationship between physical activity level assessed with an accelerometer 
in adult females and baPWV [12]; and the relationship between physical activity level and 
arterial stiffness surveyed using the GPAQ in the elderly [13].

Based on the results of previous studies [10,13], the longer the sedentary behavior continued, 
the higher the risk of arteriosclerosis and peripheral arterial disease [10], and the risk of 
arteriosclerosis was low in the elderly who followed the WHO physical activity guidelines 
(moderate-intensity physical activity for a total of 150 minutes or more per week) [13]. 
However, since arterial stiffness is influenced not only by physical activity but also by dietary 
factors, it has been suggested that future research on the relationship between arterial 
stiffness and diet is necessary [10].

Dietary intake survey methods that can determine an individual’s food and nutrient intake 
include the 24-hour recall method, food recording method, and food frequency questionnaire 
(FFQ). Among them, the FFQ is a method for investigating the frequency of consumption 
over a period for the presented food items, which has the advantage of being effective in 
identifying long-term daily consumption trends compared with other survey methods [25]. 
Accordingly, it is useful for analyzing the relationship between chronic diseases and dietary 
factors in epidemiological research. Therefore, the FFQ is appropriate for investigating diet-
related factors that affect the development of arteriosclerosis over a long period of time [26].

Kim et al. [27] compared the calculated food and nutrient intake using the FFQ and 24-
hour recall in postmenopausal females, while Ha et al. [28] compared the frequency of 
intake of specific foods obtained from the FFQ and daily intake in adults aged 40–64 with 
CVD risk. However, the risk of CVD applied in these studies was the Framingham General 
Cardiovascular Risk Score (FRS) presented by the American Heart Association in 2008 [29], 
which was calculated based on sex, age, blood pressure, total cholesterol and high-density 
lipoprotein cholesterol in the blood, smoking status, and presence of diabetes. Iso et al. [23] 
also used this FRS index to track fish and ω-3 fatty acid intake and the risk of coronary artery 
disease in a cohort study targeting Japanese people aged 40–59 years.

Meanwhile, since arterial stiffness progresses over a long period, studies on the relationship 
between arterial stiffness and dietary factors [26,30] mainly used the FFQ as a dietary survey 
method. Maruyama et al. [26] investigated the relationship between intake of fish and ω-3 
fatty acids and carotid intima-media thickness (C-IMT) measured with ultrasound imaging 
equipment in adults aged 30–84 years, and Moyama et al. [30] evaluated the relationship 
between dietary patterns and baPWV (measured with VP-1000 Plus; Omron) in middle-aged 
adults.

However, it is difficult to find domestic studies that evaluate the relationship between 
physical activity and food and nutrient intakes by directly measuring arterial stiffness based 
on baPWV and ABI.

Therefore, in this study, we sought to examine arterial stiffness index, physical activity, and 
food and nutrient intake in middle-aged adults over 40 years in which the incidence of CVD 
is gradually increasing. Arterial stiffness was assessed using baPWV and ABI; physical activity 
was assessed using the GPAQ; and food and nutrient intake was assessed using the FFQ.
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METHODS

Ethics statement

1. Research subject
In this study, middle-aged adults aged 40–64 years who had no difficulty in physical activities, 
such as walking, were recruited as research subjects through the university and local 
community centers in Gangneung City. A total of 113 people (51 males, 62 females) who fully 
understood the contents of this study and signed the consent form to participate in the study 
were selected as research subjects.

2. Research method
1) Anthropometrics
With the subject standing upright in light clothing, height was measured using an automatic 
stadiometer (BSM 330; Inbody), and body weight and body composition were measured using 
a body composition analyzer (InBody 620; Inbody, Seoul, Korea). Body mass index (BMI) was 
calculated using height and body weight.

2) Blood pressure
After resting for at least 5 minutes in a sitting position with a straight back, systolic and 
diastolic blood pressures were measured once using an automatic electronic blood pressure 
meter (HEM-7310; Omron, Seoul, Korea).

3) Arterial stiffness
Arterial stiffness was measured using a blood pressure pulse wave testing device (VP-1000 Plus; 
Omron, Seoul, Korea). The study subjects wore light clothing, laid in a straight position on the 
bed, and rested for approximately 5 minutes before the measurement. Afterward, cuffs were 
wrapped around both upper arms and ankles to prevent movement, and electrocardiogram 
(ECG) electrodes were attached to the inside of both wrists. In addition, a phonocardiogram 
(PCG) sensor was mounted on the left edge of the sternal area of the subject’s clothing. 
Measurements were taken after fixing the heart-sound sensor with a weight to prevent its 
movement. To reduce errors, the average value of 2 consecutive measurements was used for the 
analysis, and the total measurement time was approximately 10 minutes.

(1) baPWV
The baPWV was calculated using the average value of the left and right measurements of the 
study subjects, and the calculation formula for baPWV was as follows:

baPWV(cm/sec) = Blood Vessel Length/Pulse Wave Transmission Time Difference

The length of the blood vessels was calculated based on the subject’s height, and the 
difference in pulse wave transmission time was calculated using the difference in 
transmission time between the pulse waves measured in the limb arterial vessels.
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(2) ABI
The ABI was calculated using the average value of the left and right measurements of the 
study subject, and the ABI calculation formula was as follows:

ABI = Ankle Systolic Blood Pressure/Brachial Systolic Blood Pressure

4) Physical activity survey
Physical activity was investigated using the Korean version of the GPAQ developed by WHO 
and through one-on-one interviews with the subjects by the researchers. The questionnaire 
focused on activities lasting at least 10 minutes in a normal week. Additionally, during one-
on-one interviews, examples of activities at each level (vigorous-intensity physical activity: 
working at a construction site, biking, and running fast; moderate-intensity physical activity: 
kitchen work, cleaning, childcare, golf, yoga, weight training, and brisk walking) were 
provided to help the subjects understand the level of physical activity.

5) Dietary intake survey
The food and nutrient intake of the study subjects was investigated using the FFQ from the 
6th KNHANES (2013–2015) and through one-on-one interviews. The survey included 112 food 
items and assessed dietary intake in 2 ways: frequency of consumption of each food item and 
the average intake per serving during the past year. The intake frequency was divided into 9 
frequency intervals (almost never, once a month, 2–3 times a month, once a week, 2–4 times a 
week, 5–6 times a week, once a day, twice a day, and 3 times a day). As such, the average intake 
per serving consisted of three response options: small (0.5), medium (1.0), and large (1.5–2.0) 
compared to the standard amount presented in the questionnaire [31].

The subjects’ daily energy and nutrient intakes were calculated by referring to the calculation 
method in the Food Intake Frequency Survey Nutrient Ingredients DB User Guide. The 
frequency of intake over the past year was calculated as the daily intake frequency of the 
corresponding food using a median of nine frequency intervals.

In addition, the one-time intake was converted by calculating the ratio based on the standard 
amount of each item in the questionnaire. The daily energy and nutrient intake for each food 
item were calculated based on the daily intake frequency and the intake ratio compared to the 
standard amount using the following formula:

Daily Energy and Nutrient Intake by Food Item = Daily Intake Frequency × Intake Ratio per 
Standard Serving × Nutrient Content

To calculate the frequency of daily intake by food group, 112 food items in the survey were 
categorized into 19 groups according to the data analysis criteria suggested by the KHNANES [31].

6) Medical history, menopause, and smoking status survey
History of hypertension, diabetes, and dyslipidemia, which are major risk factors for CVD, as 
well as the intake of medications for the diseases, menopausal status, and smoking status were 
investigated through a self-administered questionnaire or through a one-on-one interview.

3. Statistical analysis
All data collected in this study was statistically processed and analyzed using IBM SPSS statistics 
28.0 (IBM Corporation, Armonk, NY, USA). Among the 113 recruited research subjects, seven 
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people were excluded due to insufficient answers to the questionnaire using the FFQ. Finally, 
the data of the remaining 106 people (48 males, 58 females) were used for analysis.

The Kolmogorov-Smirnov test was used to assess the normality of the collected variables; the 
results showed that the variables were not normally distributed, therefore, a nonparametric 
test was performed for further analysis. In addition, all investigated values are expressed 
as mean and standard deviation. The Mann-Whitney U test was used to compare the study 
subjects’ anthropometric measurements, blood pressure, arterial stiffness index, and time 
spent on physical activity between the sexes.

Since the ABI measurement values of the subjects were within the normal range of 1.0–1.4, 
comparison with subjects outside the normal range (e.g. ABI < 1.0) was difficult. Accordingly, 
the subject’s ABI value was divided into tertiles, with the lower group being T1 (< 1.08), the 
middle group being T2 (1.08 ≤ T2 < 1.18), and the upper group being T3 (≥ 1.18). The Mann-
Whitney U test was used to compare the subjects’ physical activity time and frequency of 
intake by food group (T1 and T3). The significance of sex distributions for age groups (40–49, 
50–59, and 60–64), BMI (< 25.0 kg/m2 and ≥ 25.0 kg/m2), and smoking status (current, past, 
and never) was assessed using the χ2 test. In addition, an analysis of covariance adjusted for 
sex was performed to compare blood pressure and arterial stiffness index by age group. To 
analyze the relationship among arterial stiffness index, physical activity, and nutrient intake, 
a partial correlation analysis was performed after adjusting for age, sex, BMI, medical history 
(hypertension, diabetes, and dyslipidemia), and menopause. A two-side test was conducted 
on all the data, and significance was tested at a significance level of 5%.

RESULTS

1. General characteristics
Table 1 shows the anthropometric measurements, distribution of age and BMI, smoking status, 
medical history, and menopausal status of the participants in this study. The average age was 
53.3 and 55.2 years for males and females, respectively, showing no significant difference by sex.  
Height and body weight were significantly higher for males (170.4 cm, 71.8 kg) than for females 
(157.8 cm, 58.1 kg) (P < 0.001). BMI calculated based on height and body weight was also 
significantly higher for males (24.8 kg/m2) than for females (23.3 kg/m2) (P < 0.01), while body 
fat percentage was significantly lower in males (23.6%) than in females (31.9%) (P < 0.001).

Looking at the obesity rate evaluated according to the Korean Society for Obesity Treatment 
Guidelines (2020), the proportion of males and females with a BMI of 25 kg/m2 or higher was 
43.8% and 22.4%, respectively, showing significantly different distributions between sexes. 
The survey of smoking status revealed that among males, 11 (22.9%) were current smokers, 
19 (39.6%) were past smokers, and 18 (37.5%) were non-smokers; in females, one (1.7%) was 
a current smoker, and the remaining 57 (98.3%) were non-smokers.

From the assessment of medical history, 6 (5.7%) had diabetes, 21 (19.8%) had hypertension, 
and 20 (18.9%) had dyslipidemia. Additionally, among the female subjects, 46 (79.3%) were 
postmenopausal.
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2. Blood pressure and arterial stiffness index by sex and age group
All study subjects were classified based on sex and age, and blood pressure and arterial 
stiffness index were compared between each group (Table 2). When comparing the study 
subjects by sex, both systolic and diastolic blood pressures showed no significant differences. 
Additionally, the baPWV, an indicator of arterial stiffness, was 1,322.2 and 1,325.8 cm/sec 
for males and females, respectively, showing no significant difference between sexes. In 
contrast, the ankle-brachial index (ABI), which can predict the stiffness of peripheral blood 
vessels, was significantly lower in females (1.11) than in males (1.16) (P < 0.001).

When all study subjects were divided by age groups of 40–49, 50–59, and 60–64 years old, the 
proportion of females was 40.9%, 56.3%, and 65.0%, respectively. There was no significant 
difference. Blood pressure did not show any significant difference between age groups in 
both systolic and diastolic periods, while baPWV was significantly higher in those aged 60–64 
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Table 1. General characteristics of the subjects by sex
Variables Male (n = 48) Female (n = 58) Total (n = 106) P-value1)

Anthropometric measurements
Age (year) 53.3 ± 6.2 55.2 ± 5.2 54.4 ± 5.7 0.105
Height (cm) 170.4 ± 5.2 157.8 ± 4.4 163.5 ± 7.9 < 0.001
Body weight (kg) 71.8 ± 7.7 58.1 ± 9.0 64.3 ± 10.8 < 0.001
BMI (kg/m2) 24.8 ± 2.8 23.3 ± 3.2 24.0 ± 3.1 0.008
Body fat (%) 23.6 ± 5.8 31.9 ± 5.8 28.2 ± 7.1 < 0.001

Age group distribution 0.272
40–49 years 13 (27.1) 9 (15.5) 22 (20.8)
50–59 years 28 (58.3) 36 (62.1) 64 (60.4)
60–64 years 7 (14.6) 13 (22.4) 20 (18.9)

BMI category 0.019
< 25.0 kg/m2 27 (56.3) 45 (77.6) 72 (67.9)
≥ 25.0 kg/m2 21 (43.8) 13 (22.4) 34 (32.1)

Smoking status < 0.001
Current 11 (22.9) 1 (1.7) 12 (11.3)
Past 19 (39.6) 0 (0.0) 19 (17.9)
Never 18 (37.5) 57 (98.3) 75 (70.8)

Disease status -
Diabetes 2 (4.2) 4 (6.9) 6 (5.7)
Hypertension 13 (27.1) 8 (13.8) 21 (19.8)
Dyslipidemia 8 (16.7) 12 (20.7) 20 (18.9)

Menopausal status -
Yes 0 (0.0) 46 (79.3) 46 (79.3)
No 0 (0.0) 12 (20.7) 12 (20.7)

Mean ± SD or n (%).
BMI, body mass index.
1)The P-value was obtained using Mann-Whitney U test for continuous variables and χ2 test for categorical variable.

Table 2. Blood pressure and arterial stiffness index of the subjects by sex and age group
Variables Sex Age

Male (n = 48) Female (n = 58) P-value1) 40–49 years (n = 22) 50–59 years (n = 64) 60–64 years (n = 20) P-value2)

Female (%)3) 40.9 56.3 65.0 0.272
SBP (mmHg) 125.1 ± 14.2 121.8 ± 14.8 0.152 125.4 ± 3.1 122.7 ± 1.8 122.7 ± 3.3 0.759
DBP (mmHg) 79.1 ± 11.4 79.2 ± 9.3 0.680 80.4 ± 2.2 79.5 ± 1.3 76.6 ± 2.3 0.459
baPWV (cm/sec) 1,322.2 ± 191.7 1,325.8 ± 187.8 0.965 1,265.6 ± 39.9a4) 1,316.8 ± 23.2ab 1,412.0 ± 41.6b 0.040
ABI 1.16 ± 0.08 1.11 ± 0.08 < 0.001 1.09 ± 0.02a 1.14 ± 0.01b 1.16 ± 0.02b 0.010
Mean ± SD.
SBP, systolic blood pressure; DBP, diastolic blood pressure; baPWV, brachial-ankle pulse wave velocity; ABI, ankle-brachial index.
1)The P-value was obtained using Mann-Whitney U test for continuous variables.
2)The P-value was obtained using analysis of covariance adjusted for sex for continuous variables and χ2 test for categorical variable.
3)Percentage of female subjects by age group.
4)With the same superscripts, are not significantly different at P < 0.05, as determined by the Bonferroni test.



years (1,412.0 cm/sec) compared to those aged 40–49 years (1,265.6 cm/sec). In contrast, the 
ABI was significantly lower in those aged 40–49 years (1.09) than in those aged 50–59 years 
(1.14) and 60–64 years (1.16) groups.

3. Physical activity surveyed by the GPAQ
Table 3 shows the time spent by domain and the intensity of the physical activity surveyed 
using the GPAQ. There was no significant difference by sex in the time spent on vigorous-
intensity physical activity among activities in the work domain. However, the time spent on 
moderate-intensity physical activity was significantly higher for females (510.2 min/week) 
than for males (297.1 min/week) (P < 0.001). On the other hand, the time spent on vigorous-
intensity physical activity among recreational activities was significantly higher for males 
(115.0 min/week) than for females (31.0 min/week) (P < 0.001). There was no significant 
difference in time spent on moderate-intensity physical activity by sex. Meanwhile, the 
time spent on sedentary behavior was significantly higher in males (562.5 min/day) than in 
females (446.0 min/day) (P < 0.01).

The time spent on vigorous-intensity physical activity was significantly higher in males (152.5 
min/week) than in females (46.0 min/week) (P < 0.001), but the time spent on moderate-
intensity physical activity was significantly higher in females (741.0 min/week) than in males 
(530.2 min/week) (P < 0.01). Meanwhile, the sum of time spent on moderate-intensity and 
vigorous-intensity physical activity in all domains (moderate to vigorous physical activity, 
MVPA) was 787.1 and 744.9 min/week, respectively, showing no significant difference by sex.

4. Time spent on physical activity by domain and intensity by ABI
Although all participants in this study had ABI within the normal range, we investigated 
whether physical activity levels differed even among these individuals. To do this, we divided 
the ABI values into tertiles based on ABI values and compared physical activity across these 
groups (Table 4).

For males, the time spent on recreational vigorous-intensity physical activity was significantly 
lower in T1 (11.3 min/week) than in T3 (129.4 min/week) (P < 0.05); excluding this, there was 
no significant difference in the time spent on physical activity by domain and intensity. For 
females, the time spent on sedentary behavior was significantly higher at T1 (472.1 min/day) 
than at T3 (294.5 min/day) (P < 0.05); however, there was no significant difference in the time 
spent on physical activities.
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Table 3. Time spent on physical activity by domain and intensity using GPAQ by sex
Variables Male (n = 48) Female (n = 58) Total (n = 106) P-value1)

Activity at work (min/week)
Vigorous 37.5 ± 242.7 15.0 ± 82.4 25.2 ± 173.8 0.822
Moderate 297.1 ± 674.5 510.2 ± 604.7 413.7 ± 643.0 < 0.001

Recreational activity (min/week)
Vigorous 115.0 ± 177.2 31.0 ± 88.7 69.1 ± 141.7 < 0.001
Moderate 233.1 ± 225.4 230.9 ± 183.9 231.9 ± 202.7 0.721

Travel to and from places (min/week) 131.5 ± 289.1 130.5 ± 189.9 130.9 ± 238.8 0.160
Sedentary behavior (min/day) 562.5 ± 162.5 446.0 ± 231.1 498.8 ± 210.2 0.001
Vigorous physical activity (min/week) 152.5 ± 301.2 46.0 ± 120.3 94.2 ± 226.5 < 0.001
Moderate physical activity (min/week) 530.2 ± 726.7 741.0 ± 628.1 645.6 ± 679.4 0.004
Moderate to vigorous physical activity (min/week) 694.0 ± 878.2 787.1 ± 646.2 744.9 ± 757.6 0.080
Mean ± SD.
GPAQ, global physical activity questionnaire.
1)The P-value was obtained using Mann-Whitney U test for continuous variables.



For males, the time spent on vigorous-intensity physical activity per week was significantly 
higher in T3 (129.4 min/week) than in T1 (11.3 min/week) (P < 0.05); the sum of time spent 
on moderate-intensity and vigorous physical activities was also significantly higher in T3 
(600.6 min/week) than in T1 (304.4 min/week) (P < 0.05). However, for females, there was no 
significant difference in the time spent on physical activity by activity intensity according to 
the ABI.

5. Daily frequency of food group intake by ABI
To determine whether there was a difference in the daily frequency of intake by food group 
depending on whether the ABI within the normal range was high or low, the ABI was divided 
into tertiles and compared among the 3 groups (Table 5).

As a result, males showed no significant difference between T1 and T3, while females’ 
frequency of fish consumption was significantly higher in T3 (1.27 frequency/day) than in T1 
(0.64 frequency/day) (P < 0.05).
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Table 4. Time spent on physical activity by domain and intensity by ABI
Variables Male P-value1) Female P-value1)

T1 (n = 8) T2 (n = 16) T3 (n = 24) T1 (n = 29) T2 (n = 18) T3 (n = 11)
Activity at work (min/week)

Vigorous 0.0 ± 0.0 112.5 ± 419.1 0.0 ± 0.0 1.000 26.9 ± 115.2 5.0 ± 21.2 0.0 ± 0.0 0.378
Moderate 145.0 ± 299.5 531.9 ± 966.2 191.3 ± 485.4 0.826 514.8 ± 578.1 487.8 ± 762.6 534.5 ± 397.7 0.616

Recreational activity (min/week)
Vigorous 11.3 ± 31.8 145.3 ± 186.2 129.4 ± 191.5 0.026 22.8 ± 58.7 13.3 ± 56.6 81.8 ± 161.6 0.272
Moderate 148.1 ± 153.5 239.1 ± 272.5 257.5 ± 212.3 0.182 210.0 ± 188.6 257.2 ± 201.1 242.7 ± 147.2 0.455

Travel to and from places (min/week) 93.8 ± 219.0 246.3 ± 445.4 67.5 ± 113.8 0.812 101.0 ± 152.1 108.3 ± 166.0 244.5 ± 276.2 0.157
Sedentary behavior (min/day) 558.8 ± 157.9 478.1 ± 181.5 620.0 ± 128.4 0.365 472.1 ± 227.3 496.7 ± 251.0 294.5 ± 143.7 0.013
Vigorous physical activity (min/week) 11.3 ± 31.8 257.8 ± 451.9 129.4 ± 191.5 0.041 49.7 ± 124.3 18.3 ± 77.8 81.8 ± 161.6 0.720
Moderate physical activity (min/week) 293.1 ± 389.1 770.9 ± 1,016.9 448.8 ± 540.2 0.188 724.8 ± 567.6 745.0 ± 816.7 777.3 ± 458.4 0.591
Moderate to vigorous physical activity (min/week) 304.4 ± 383.7 1,028.8 ± 1,285.0 600.6 ± 560.6 0.029 774.5 ± 599.4 763.3 ± 803.0 859.1 ± 520.2 0.511
Mean ± SD.
ABI, ankle-brachial index.
1)The P-value was obtained using Mann-Whitney U test for continuous variables by T1 and T3. Tertiles T1 and T3 were the lowest and highest tertiles, respectively 
(T1: < 1.08 and T3: ≥ 1.18).

Table 5. Daily frequency of food group intake by ABI
Variables Male P-value1) Female P-value1)

T1 (n = 8) T2 (n = 16) T3 (n = 24) T1 (n = 29) T2 (n = 18) T3 (n = 11)
Food intake (frequency/day)

Rices 2.97 ± 1.02 2.47 ± 0.93 2.89 ± 0.95 0.828 2.31 ± 1.06 2.29 ± 0.83 2.59 ± 1.06 0.203
Noodle & dumpling 0.34 ± 0.24 0.36 ± 0.17 0.39 ± 0.24 0.499 0.20 ± 0.18 0.16 ± 0.11 0.12 ± 0.12 0.242
Bread & rice cake 0.31 ± 0.16 0.38 ± 0.38 0.21 ± 0.17 0.117 0.28 ± 0.36 0.26 ± 0.19 0.46 ± 0.73 0.891
Potatoes & corn 0.21 ± 0.22 0.21 ± 0.22 0.39 ± 0.51 0.631 0.38 ± 0.47 0.76 ± 0.71 1.18 ± 2.35 0.564
Beans, tofu, soy milk 0.33 ± 0.39 0.41 ± 0.49 0.54 ± 0.42 0.191 0.48 ± 0.76 0.52 ± 0.55 0.46 ± 0.61 0.844
Eggs 0.58 ± 0.61 0.52 ± 0.61 0.73 ± 0.56 0.445 0.82 ± 1.15 0.76 ± 0.57 1.45 ± 1.01 0.057
Meats 0.69 ± 0.24 0.57 ± 0.33 0.69 ± 0.34 0.744 0.77 ± 0.73 0.51 ± 0.24 0.75 ± 0.65 0.904
Fishes 0.27 ± 0.13 0.25 ± 0.18 0.40 ± 0.41 0.446 0.64 ± 0.83 0.57 ± 0.64 1.27 ± 1.11 0.036
Vegetables 1.22 ± 0.67 1.49 ± 0.94 2.17 ± 1.70 0.240 2.12 ± 1.35 2.74 ± 2.50 3.63 ± 2.57 0.082
Seaweed 0.38 ± 0.40 0.23 ± 0.27 0.38 ± 0.38 0.827 0.38 ± 0.35 0.44 ± 0.49 0.76 ± 1.00 0.554
Fruits 0.72 ± 0.67 0.80 ± 0.53 0.82 ± 1.05 0.862 1.73 ± 1.38 1.50 ± 1.27 2.32 ± 2.81 0.988
Milk & dairy products 1.13 ± 1.26 0.64 ± 0.61 0.53 ± 0.69 0.248 0.96 ± 0.94 0.92 ± 0.88 1.40 ± 1.39 0.671

Mean ± SD.
ABI, ankle-brachial index.
1)The P-value was obtained using Mann-Whitney U test for continuous variables by T1 and T3. Tertiles T1 and T3 were the lowest and highest tertiles, respectively 
(T1: < 1.08 and T3: ≥ 1.18).



6.  Relationship between physical activity and nutrient intake and arterial 
stiffness index

After adjusting for age, sex, BMI, medical history, and menopausal status, which are known 
to be related to arterial stiffness, the partial correlations between arterial stiffness index 
(baPWV and ABI), physical activity, and nutrient intake per 1,000 kcal are shown in Table 6. 
baPWV did not show a significant relationship with physical activity-related indicators and 
nutrient intake.

However, the ABI showed a significant positive correlation of r = 0.200 and r = 0.218 with 
polyunsaturated fatty acids (PUFA) and ω-3 fatty acids, respectively, among nutrient intakes 
adjusted for energy intake (P < 0.05).

DISCUSSION

In this study, we examined arterial stiffness index, physical activity, and food and nutrient 
intake in middle-aged adults over 40 years—a demographic group with a rising incidence of 
CVD. Arterial stiffness was assessed using PWV and ABI, physical activity was assessed using 
the GPAQ, and food and nutrient intake was assessed using the FFQ.

The average age of the subjects of this study was 53.3 and 55.2 years for males and females, 
respectively, and their average height and body weight were similar to the average height and 
body weight of adults in the Gangwon region reported in the 2021 Health Checkup Statistical 
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Table 6. Correlation of physical activity, nutrient intake and arterial stiffness index
Variables baPWV ABI
Physical activity

Activity at work (min/week)
Vigorous 0.123 −0.151
Moderate 0.051 −0.046

Recreational activity (min/week)
Vigorous −0.068 0.158
Moderate −0.023 0.098

Travel to and from places (min/week) −0.018 0.057
Sedentary behavior (min/day) −0.035 −0.077
Vigorous physical activity (min/week) 0.074 −0.007
Moderate physical activity (min/week) 0.041 −0.015
Moderate to vigorous physical activity (min/week) 0.058 −0.015

Energy and nutrient intake per 1,000 kcal1)

Energy (kcal/day) −0.055 −0.024
Carbohydrate (g/day) −0.155 0.039
Fiber (g/day) 0.006 0.058
Protein (g/day) 0.027 0.189
Fat (g/day) 0.126 0.031
Cholesterol (mg/day) 0.036 0.151
Fatty acid

SFA (g/day) 0.135 −0.073
MUFA (g/day) 0.121 −0.011
PUFA (g/day) 0.083 0.200*

ω-3 fatty acid (g/day) 0.085 0.218*

baPWV, brachial-ankle pulse wave velocity; ABI, ankle-brachial index; SFA, saturated fatty acid; MUFA, 
monounsaturated fatty acid; PUFA, polyunsaturated fatty acid.
1)(Nutrient Intake/Total Energy Intake) × 1,000.
*P < 0.05, significantly correlated by partial correlation adjusted for age, sex, body mass index, disease status, 
and menopausal status.



Yearbook [32]. This study’s obesity rates, determined using a BMI cut-off of 25 kg/m2, were 
43.8% for males and 22.4% for females. These values are similar to the national obesity 
rates reported in the 2021 Statistical Yearbook of Health Examination (48.8% for males and 
29.4% for females), which employed the same BMI criteria. The smoking rate of the subjects 
in this study (males, 22.9%; females, 1.7%) was lower than what was reported in the 2021 
KNHANES (males, 31.3%; females, 7.1%) [33].

The blood pressure and arterial stiffness index of the subjects (Table 2) did not show any 
significant differences by sex or age group. The baPWV (male, 1,332.2 cm/sec; female, 1,325.8 
cm/sec) obtained by this study was similar to the baPWV (male, 1,302.2 cm/sec; female, 
1,259.7 cm/sec) of Korean adult males and females aged 20–64 years (average age 47.7 years), 
with no significant difference between sexes as reported by Lee et al. [10].

Meanwhile, our analysis of baPWV by age group revealed a significant difference. The group 
aged 60–64 years (1,412.0 cm/sec) had a higher baPWV compared to the group aged 40–49 
years (1,265.6 cm/sec). This shows a significant difference between age and baPWV (r = 0.278, 
P < 0.01), showing that the baPWV also increased with age (the correlation between the 
basic characteristics of the study subjects, such as age, height, body weight, and BMI, and 
the arterial stiffness index is not shown in the table). Tomiyama et al. [19] also reported that 
baPWV significantly increased with age in Japanese people aged 25–87 years, and Ishida et al. 
[12] also reported that there was a significant positive correlation between baPWV and age in 
Japanese people aged 21–89 years. These findings suggest that arterial wall tissue changes and 
decreased elasticity as individuals age [6].

In this study, the ABI (1.16 for males, 1.11 for females) obtained were similar to those of 
American adults (1.13 for males, 1.09 for females; average age 57.0 years) reported by Kapoor 
et al. [20] and was significantly lower in females than in males. In a study by Ishida et al. [12], 
which evaluated the relationship between ABI, age, and sex, the ABI of females was found 
to be lower than that of males, similar to this study. These results may be related to the high 
proportion of postmenopausal females (79.3%) among the female subjects in this study. 
In other words, it has been reported that a decrease in the secretion of estrogen, a female 
hormone, after menopause affects the development of CVDs such as arteriosclerosis [34]. In 
addition, a study by Li et al. [35] also reported an increased risk of developing arteriosclerosis 
in postmenopausal females. Based on these previous studies [12,20,34,35], ABI is associated 
with age, sex and menopause.

When ABI was compared by age group in this study, those aged 40–49 years had significantly 
lower ABI than those aged 50–59 and 60–64 years. About this, a study by Matt et al. [21] 
observed increasing ABI with age in Americans aged 27–95 years, showing that ABI also 
increased with age in subjects aged 70 years or younger. Since the stiffness of arteries due to 
aging increases more rapidly in central arteries than in peripheral blood vessels, it has been 
reported that the increase in systolic blood pressure in the upper arm is greater than in the 
systolic blood pressure in the ankle [36]. These results were also found to affect the ABI, 
which is the ratio of the ankle to brachial systolic blood pressure.

Using the GPAQ to examine physical activity levels (Table 3), we found that the time spent on 
moderate-intensity physical activity in the work domain, which includes household tasks such 
as cleaning, kitchen work, and childcare, was significantly higher for females, at about 8.5 
hours per week (510.2 min/week), compared to about 5 hours per week (297.1 min/week) for 
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males. A possible explanation for this observation is the gender disparity in housework and 
childcare participation, with females typically taking on a larger share of these responsibilities.

On the other hand, the time spent on vigorous recreational physical activities, including 
climbing, swimming, and badminton, was significantly higher for males at about 2 hours per 
week (115.0 min/week) compared to females at about 30 minutes per week (31.0 min/week). 
This is related to the fact that in the one-on-one interviews conducted with the GPAQ for this 
study, 24 (50.0%) of all male subjects engaged in vigorous physical activities such as biking 
and swimming for more than 1 hour.

Meanwhile, males spent about 9 hours and 22 minutes (562.5 min/day) per day in sedentary 
behavior, which was significantly higher than females who spent about 7 hours and 26 
minutes (446.0 min/day). Looking at the time spent on sedentary behavior reported by Lim 
et al. [37], who analyzed data from the 2014–2015 KNHANES and evaluated the physical 
activities of Koreans (19–64 years old) using an accelerometer, males spent approximately 
8 hours and 22 minutes (502.9 minutes/day for males), and females spent approximately 
8 hours and 18 minutes (498.9 minutes/day for females). In this study, males spent 
approximately 1 more hour and females spent approximately 53 minutes less. This is believed 
to be related to differences in the subjects or measurement tools used in each study. In 
general, physical activity questionnaires such as the GPAQ are subjective measurement 
methods that rely on the memory of the respondents and may have lower accuracy than an 
accelerometer, which is an objective measurement tool [38].

The GPAQ used in this study to investigate physical activity does not assess the time 
allotment and intensity of all physical activities within 24 hours, which can be done with 
physical activity diaries; instead, the questionnaire assesses the time allotment by activity 
intensity (moderate and vigorous) according to the domain of physical activity (work, 
recreational activities, moving from place to place, and sedentary behavior) for a week. 
Therefore, to predict the subject’s overall physical activity level, the sum of the time spent on 
moderate to vigorous physical activity in all domains (MVPA) is presented.

Ishida et al. [12] found that out of 91,962 people who participated in the daily health 
examination program organized by the Okinawa General Health Maintenance Association 
from 2003 to 2010, only 13,211 people (51.4 years for males and 52.8 years for females) 
voluntarily participated in the ABI measurement and only 67 people had an ABI of less than 
0.5%. Therefore, to better understand the relationship between the arterial stiffness index 
(ABI) and related factors, further research is needed. This could involve large-scale studies 
similar to those described earlier or utilizing existing data from national surveys like the 
National Health and Nutrition Examination Survey (NHANES) as in Kulinski et al. [17]. 
Additionally, studies should aim to include patients with low-grade peripheral vascular 
disease. However, since this study was conducted on mostly healthy adults (106 people) in 
addition to some patients with diabetes, hypertension, and dyslipidemia, all subjects showed 
ABI values in the normal range (1.0–1.4).

In the case of physical activity, the time spent on vigorous leisure-time activity in males was 
significantly higher in the upper ABI group at T3 (129.4 min/week) than in the lower ABI 
group at T1 (11.3 min/week). Wilson et al. [15] surveyed American adults aged 40 years or 
older and found that the prevalence of peripheral artery disease significantly decreased in 
the group that spent more time engaging in recreational activities. In addition, a study by 

92https://doi.org/10.5720/kjcn.2024.29.2.81https://kjcn.or.kr

Arterial stiffness index, physical activity and food and nutrient intake  
in adults aged 40 years and older



Heikkilä et al. [16] in Finland investigated adults (average age 59.0 years) with borderline 
ABI levels (0.90–1.00) who had undergone CVD procedures. Interestingly, the group with 
high ABI was found to engage in a significant amount of leisure-time activities. These 
results suggest that physical activities, such as recreational activities, can reduce the risk of 
developing CVD.

Meanwhile, the time spent on sedentary behavior by females was significantly higher at 
T1 (472.1 min/week) than at T3 (294.5 min/week). In a study by Kulinski et al. [17], who 
investigated the time spent on sedentary behavior among American adults (average age 61.0 
years) using accelerometers, the ABI (1.05) of the group spending approximately 10.2 hours 
per day on sedentary behavior was 1.05. This was significantly lower than the ABI (1.08) of 
the group that spent approximately 6 hours. Additionally, in a study by Lee et al. [10] targeting 
Korean adults aged 20–64 years, a negative correlation was found between the ABI and 
sedentary behavior. These results show that the longer the time spent in sedentary behavior, 
the higher the risk of developing peripheral artery disease.

In terms of daily intake frequency by food group, there was no significant difference between 
T1, T2, and T3 in males, whereas in females, the fish intake frequency of T3 (1.27 frequency/
day) was significantly higher than that of T1 (0.64 frequency/day). In this regard, a study by 
Frank et al. [22] on female nurses (34–59 years old) in the United States showed that the risk 
of CVD decreased as the frequency of consumption of fish and ω-3 fatty acids increased. 
Additionally, a Japanese (40–59 years old) cohort study by Iso et al. [23] found that fish 
consumption more than once per week reduced the risk of heart disease.

There was no significant correlation between arterial stiffness index and physical activity 
(Table 6). In a study by Lee et al. [10], no significant correlation was found between physical 
activity-related indicators assessed using an accelerometer and arterial stiffness index 
in healthy adults. On the other hand, a study by Hawkins et al. [18], which evaluated the 
relationship between physical activity and ABI in Americans aged 40 years or older, found that 
the group of subjects with an ABI level of 0.9 or less spent less time on physical activity. These 
results are thought to be related to the fact that among the study subjects of Hawkins et al. [18], 
98 (17.5%) had an ABI of less than 1.0, whereas this study had no comparable subjects.

Meanwhile, in this study, a significant positive correlation was found between the intake of 
PUFAs and ω-3 fatty acids adjusted for energy intake and ABI (Table 6). This is supported 
by the study of Zanetti et al. [39], which reported that ω-3 fatty acids can have a beneficial 
effect on reducing arterial wall stiffness and the occurrence of CVDs. In addition, a study by 
Maruyama et al. [26] on Japanese people (30–84 years old) also showed a significant negative 
correlation between ω-3 fatty acid intake and C-IMT.

This study has several limitations. First, because this study was conducted in a small number 
of people, most of whom were healthy, all subjects had ABI values within the normal range. 
Accordingly, a major limitation is that even for subjects within the normal ABI range, their 
ABI values could be divided into tertiles to examine how related factors differ depending 
on high and low ABI. Second, it is difficult to determine the relationship between exposure 
factors and disease, as this was a cross-sectional study that simultaneously investigated 
exposure and outcome factors. Third, considering that arteriosclerosis progresses over a 
long period, there may be limitations in evaluating the relationship with arterial stiffness 
using only the amount of physical activity during a week, that is, a short period of physical 
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activity. In addition, the physical activity questionnaire (GPAQ) used in this study may 
have limitations in terms of accuracy and reliability, because it relies on the memory of 
respondents.

Nevertheless, this study is meaningful in that it directly measured baPWV, which represents 
central artery stiffness, and ABI, which represents peripheral vascular stiffness, in middle-
aged adults over 40 years, considering that most studies that have evaluated cardiovascular 
risk in Korea used the Framingham General Cardiovascular Risk Center (FRS) suggested by 
the American Heart Association [29] in 2008. In addition, food and nutrient intakes were 
investigated using the FFQ, which can identify long-term daily intake patterns, as well as 
physical activity, using the GPAQ. This study observed that males in the high ABI group (T3), 
which had relatively low peripheral artery stiffness, spent more time on vigorous leisure 
activities such as biking, swimming, and badminton compared to the low ABI group (T1), 
while females in the high ABI group (T3) spent less time on sedentary behavior compared to 
the low ABI group (T1). Additionally, the intake of fish, PUFA, and ω-3 fatty acids showed a 
significant positive correlation with ABI.

CONCLUSIONS

In this study, we examined arterial stiffness index, physical activity, and food and nutrient 
intake in middle-aged adults over 40 years in which the incidence of CVD is gradually 
increasing. In Korea, surveys using accelerometers and arterial stiffness index have been 
conducted by the Rural Development Administration. Accordingly, in the future, research 
results on the factors affecting arterial stiffness should be reported through large-scale 
epidemiological studies at the national level, as in other countries. In addition, follow-up 
studies should be conducted to measure arterial stiffness in middle-aged and elderly people 
with a high mortality rate from CVD and analyze the relationship between food and nutrient 
intake, along with evaluating physical activity using objective physical activity measurement 
tools such as accelerometers. Based on these results, we hope to establish a detailed dietary 
and physical activity guideline to prevent arteriosclerosis in Koreans.
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