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INTRODUCTION

Step amount is a common and simple indicator of physical ac-
tivity (PA) during free-living behavior [1]. It is a well-known 
prognostic factor for mortality, cardiovascular disease, and meta-
bolic disorders such as type 2 diabetes [2,3]. Thus, step amount is 
frequently used in PA prescriptions; however, step amount does 
not include information on the intensity of step-based PA.

The intensity of PA, which refers to the rate of energy expended 
during PA and is commonly expressed as metabolic equivalents 
(METs), is an essential factor to consider when prescribing PA [1]. 
The intensity of PA has shown significant associations with the 
risk of mortality and chronic diseases. In particular, a higher pro-
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portion of vigorous PA was found to be associated with lower mor-
tality risk and a low prevalence of metabolic diseases [4,5]. Accord-
ingly, most PA guidelines provide criteria for the intensity of PA 
[1,6].

Stepping cadence, which is defined in terms of steps per min-
ute, has been used in several studies as an indicator of intensity 
during free-living activity. A strong correlation (0.94) was found 
between cadence and METs in a laboratory study [7]. A cadence 
of 100 steps/min corresponds to 3 METs (moderate intensity), 
and a cadence of 130 steps/min is equivalent to 6 METs (vigorous 
intensity) [8-10]. Thus, stepping cadence can be appropriate as a 
way to assess the intensity of step-based PA during free-living be-
havior.

In previous studies, the accelerometer-measured free-living 
stepping cadence patterns in Unite States adults and children were 
examined using data from the National Health and Nutrition Ex-
amination Survey [11-15]. Stepping cadence was associated with 
cardiometabolic risk factors [16,17]. However, despite this signifi-
cant relationship, to our knowledge, stepping cadence patterns in 
the Korean population have not been reported to date. Therefore, 
this study aimed to identify the stepping cadence patterns in Ko-
rean adults by sex and age groups using Korea National Health 
and Nutrition Examination Survey (KNHANES) data, a large 
representative dataset of general Korean adults.

MATERIALS AND METHODS

Data source
KNHANES has been conducted annually by the Korea Centers 

for Disease Control (now known as the Korea Disease Control and 
Prevention Agency) to analyze the health and nutrition status of 
Koreans aged 19 to 64 since 1998. An accelerometer (Actigraph 
GT3X+; Actigraph, Pensacola, FL, USA) was used to collect ob-
jective PA data in 2014. In the 2014 and 2015 KNHANES, 1,827 
males and females agreed to wear an accelerometer for 7 consecu-
tive days. They were asked to wear the device on their hip using 
an elastic band and instructed to remove it only at bedtime and 
during water-based activities such as swimming and bathing. Six-
ty participants were excluded because the accelerometer was miss-
ing (n= 9), not worn (n= 47), or broken (n= 3), or because they 
had invalid data (n= 1). Thus, 1,767 adults were included in the 
public accelerometer data set.

Data treatment
The National Cancer Institute’s SAS code was applied to the ac-

celerometer data cleansing process [18]. A valid day was defined 
as at least ≥ 10 hr/d of wearing time, and non-wearing time was 
defined as ≥ 60 minutes of consecutive zero activity counts, allow-
ing ≤ 2 minutes of counts between 0 to 100. Among 1,767 partici-
pants in the public data set, 63 participants without 1 valid day were 
excluded. In addition, 1 participant who was missing height and 
weight data was excluded from the analysis. Finally, 1,703 partici-
pants with at least 1 valid day of data were included in the analysis.
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Accelerometer data were recorded in 1-minute epochs. Daily 
minute-by-minute step data were summed by minutes for each 
cadence category and were averaged across valid days within in-
dividuals. Step cadence was defined as step counts per minute and 
categorized using the following criteria used by Tudor-Locke et al. 
[15]: non-movement (0 steps/min), incidental movement (1-19 
steps/min), sporadic movement (20-39 steps/min), purposeful 
steps (40-59 steps/min), slow walking (60-79 steps/min), medium 
walking (80-99 steps/min), brisk walking (100-119 steps/min), 
and faster locomotion (≥ 120 steps/min). Stepping cadence values 
were examined by cadence category across sex and age groups 
(19-29, 30-39, 40-49, 50-59, and 60-64 years).

Demographic variables such as sex, age, height, weight, and body 
mass index (BMI) were included in this study. BMI was calculated 
as weight divided by height squared. BMI status was classified as 
underweight (< 18.5 kg/m2), normal weight (18.5-22.9 kg/m2), 
overweight (23.0-24.9 kg/m2), and obesity (≥ 25.0 kg/m2) based 
on the World Health Organization cut-points for Asian popula-
tions [19].

Statistical analysis
Participants’ demographic characteristics across sex and age 

groups were expressed as means and standard errors (SE) for con-
tinuous variables and counts and percentages for categorical vari-
ables. In addition, descriptive statistics of each cadence category 
were presented as the mean and SE of cumulative time and per-
centage, which was calculated as the cumulative time divided by 
the total wearing time, according to sex and age groups. The mean 
differences of cumulative time and percentage in each cadence 
category between males and females were examined using the in-
dependent t-test. In addition, linear trends in the time of each ca-
dence category across age groups were assessed. 

Statistical significance was set a level of 0.05. All statistical anal-
yses were performed using R version 4.0.3 (https://cran.r-project.
org/).

Ethics statement
The Institutional Review Board (IRB) of Seoul National Uni-

versity (IRB No. E2105/001-005) approved this study protocol, 

and the requirement to obtain informed consent was waived by 
the board.

RESULTS

A total of 1,703 Korean adults wore an accelerometer for 13.80± 
1.58 hr/d and had 5.39± 1.76 valid days on which they wore the 
accelerometer for at least 10 hours. The demographic characteris-
tics of the overall, and for each sex and age group are shown in 
Table 1. Although the mean daily step count of all participants was 
about 7,968.68± 3,723.02 steps/d, there was a significant differ-
ence between sex (p< 0.001). Moreover, older groups tended to 
have a higher mean daily step count (p for trend < 0.001).

Table 2 presents the descriptive statistics of time spent in each 
cadence category overall and by sex. Participants accumulated 
360.08± 2.56 min/d at non-movement category and spent 361.50±  
2.28 min/d in the incidental movement category (1-19 steps/min). 
The total time spent in the non-movement and incidental move-
ment cadence categories was about 12 hr/d, which contributed to 
almost 87% of the wearing time. Cumulative time and percentage 
per day showed low values across the incremental cadence cate-
gory. No significant difference was found in time spent at a non-
movement cadence between males and females (p= 0.625). Males 
significantly spent more time in the cadence categories of sporadic 
movement, purposeful steps, slow walking, and medium walking; 
however, the other categories, except for brisk walking, had higher 
values in females (p< 0.001).

Table 3 shows the time spent in each cadence category across 
age groups. While the youngest group (aged 19-29) spent the most 
time (6.7 hr/d) at non-movement cadence, the oldest group spent 
the least time (5.6 hr/d) at the same cadence level. On the contra-
ry, the time spent at incidental movement cadence was highest in 
the oldest group (aged 60-64) and lowest in the youngest age 
group. Significant linear trends were found in time spent and its 
percentages across age groups, except for the cadence categories 
of purposeful steps and slow walking (p< 0.001).

The percentage of spent time relative to total wearing time in 
each cadence category by sex and age groups is presented in Fig-
ure 1. Regardless of age and sex groups, the participants spent the 

Table 2. Spent time (absolute and percentage value) in cadence categories during wearing time by sex

Categories (min/d1/%2) All (n=1,703) Male (n=635) Female (n=1,068) p-value

Non-movement 360.08±2.56/43.59±0.30 361.76±4.59/43.75±0.53 359.07±3.03/43.50±0.35 0.625/0.694
Incidental movement 361.50±2.28/43.57±0.24 345.34±3.94/41.57±0.41 371.12±2.73/44.76±0.28 <0.001/<0.001
Sporadic movement 49.26±0.86/5.95±0.10 57.21±1.50/6.91±0.18 44.54±1.02/5.37±0.12 <0.001/<0.001
Purposeful steps 18.86±0.40/2.24±0.05 23.91±0.75/2.87±0.09 15.85±0.44/1.87±0.05 <0.001/<0.001
Slow walking 10.83±0.20/1.25±0.03 13.11±0.39/1.53±0.05 9.47±0.21/1.08±0.03 <0.001/<0.001
Medium walking 9.33±0.18/1.07±0.02 10.31±0.33/1.19±0.04 8.74±0.21/1.00±0.03 <0.001/<0.001
Brisk walking 12.77±0.30/1.48±0.04 12.64±0.51/1.46±0.07 12.85±0.37/1.49±0.05 0.732/0.681
Faster locomotion 5.35±0.22/0.56±0.03 4.20±0.36/0.42±0.05 6.03±0.18/0.64±0.04 <0.001/<0.001

Values are presented as mean±standard error.
1The mean time across the valid day for each cadence category.
2The mean percentage of minutes based on monitored total wear time.

https://cran.r-project.org/
https://cran.r-project.org/
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most time in the non-movement or incidental movement catego-
ries. Only approximately 10% of the participants spent relatively 
more time in the fast cadence category.

DISCUSSION

This study aimed to identify the descriptive statistics of acceler-
ometer-measured free-living stepping cadence in Korean adults 
through an analysis of KNHANES data, which are representative 
of the Korean population. For all participants, most of the time 
(about 12 hr/d, 87% of wear time) was spent in the cadence cate-
gories of non-movement (0 steps/min) and incidental movement 
(1-19 steps/min). The cumulative time at a higher cadence corre-
sponding to walking or locomotion (≥ 60 steps/min) was only 
about 30 minutes (4.0% of wearing time). The cumulative time 
and percentage of most stepping cadence categories differed 
across sex and age groups, whereas the linear trends in cumula-
tive time and percentage of time spent were similar across ca-
dence categories in most groups.

Consistent with our results, linear trends have been found in 
cumulative time and percentage across incremental cadence cate-
gories in previous studies. However, different results were found 
for cumulative time and percentage per day in each cadence cate-
gory in different countries. Tudor-Locke et al. [15] reported step-
ping cadence patterns in Unite States adults using the 2005-2006 
National Health and Nutrition Examination Survey. A total of 
3,744 United States adults spent about 4.8 hr/d (34%) at a non-
movement cadence and about 6.3 hr/d (46%) at an incidental 
movement cadence. In contrast, Summer et al. [20] reported that, 
in a study of 713 multi-ethnic Asian individuals (Chinese, Malay, 
and Indian), the mean cumulative time was approximately 7.9 hr/d 
(53%) at non-movement cadence and 5.4 hr/d (36%) at incidental 
movement cadence. In our samples, KNHANES participants spent 
approximately 6 hr/d (43%) in the non-movement category and  
6 hr/d (44%) in the incidental movement cadence category. Thus, 
Asians are likely to spend more time in non-movement categories 
than Americans based on the results. For the cadence categories 
of more than 20 steps/min, the cumulative time and proportion 
were similar to those of other Asians and Koreans. However, Amer-
icans spent more time (both in absolute and relative terms) at a 
lower cadence (< 80 steps/min), whereas they showed slightly low-
er values at a higher cadence. 

Non-movement cadence refers to no ambulation for a period 
of time, which indicates sedentary behavior [21]. Based on the 
current study results, the average sitting time of Korean adults was 
about 6 hr/d, which is lower than that measured by both the self-
reported questionnaire and the tri-axial accelerometer. Individuals 
in the same KNHANES sample reported a sitting time of about 
7.7 hr/d using a self-report PA questionnaire, and their sitting time 
was approximately 8.3 hr/d as measured by a tri-axial accelerom-
eter [22]. Similarly, in the same United States adult sample, seden-
tary time measured by the accelerometer activity count was 1.7 times 
higher than sedentary time calculated in terms of step cadence [23]. 
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This difference may be attributed to the relatively strict classifica-
tion criteria for sedentary behavior based on cadence. In the cur-
rent study, non-movement cadence was defined as all minutes 
corresponding to 0 steps. Thus, 1 or 2 isolated steps were classified 
as a cadence of incidental movement. Conversely, sedentary be-
havior was defined as below 100 activity counts per minute in an 
activity count-based study. Wong et al. [21] reported that a thresh-
old of 100 counts per minute could only distinguish 88.1% of sed-
entary behavior defined as 0 steps/min in adults. Thus, it is un-
clear which criterion more accurately classifies sedentary behav-
ior, but it should be noted that the sedentary time may be under-
valued when evaluated based on stepping cadence compared to if 
other methods are used.

With a high percentage of sedentary time, the predominant ca-
dence patterns in our sample were at a low cadence (<40 steps/min). 
Only about 18.1 min/d (2.1%) was spent at ≥ 100 steps/min. Al-
though this value is somewhat higher than that reported for Unit-
ed States adults, with an average of 7 minutes spent in this catego-
ry, it is still low. In previous empirical studies, 100 steps/min has 
been shown to correspond to moderate-intensity activity (3 METs) 
[24,25]. In the public PA guideline, it is recommended to partici-
pate in moderate-intensity of PA at least 150 min/wk to promote 
health [1]. It was found that Korean adults spent about 115 min/wk 
at a cadence of at least 100 steps/min, which is lower than the gen-
eral guideline level. Among the 1,703 adults, 546 (32.1%) spent 
≥ 150 min/wk at a moderate to vigorous stepping cadence (data 
not shown). In contrast, based on activity counts using Troiano et 

al. [26] classification, Lim et al. [22] reported that Korean adults 
spent about 35 min/d in moderate to vigorous PA, and 56.1% of 
Korean adults met the PA guideline. Cadence-based measure-
ments show lower adherence than other criteria. Although some 
studies reported that the “peak cadence”, which refers to the high-
est cadence in a day, was associated with metabolic risk factors 
[17,27], to our knowledge, no study has investigated the amount 
of PA, as defined by various cadence categories, that can provide 
health benefits. 

We examined differences in the cadence pattern according to 
sex and age. No sex difference was found according to sex for non-
movement, but males had higher values for all cadence categories 
than females except for the incident movement and faster locomo-
tion categories. These results are similar to those of a study of Unit-
ed States adults [15]. Interestingly, as in our study, males spent 
more time than females in most cadence categories except for in-
cidental movement and faster locomotion. However, there is not 
enough evidence to explain this pattern. There was no significant 
difference in the wearing time of the accelerometer according to 
sex (p= 0.867).

The older age groups were more likely to have less cumulative 
time and percentage per day at non-movement cadence in both 
sexes, while the opposite trend was found for United States adults 
[15]. In addition, older adults (60-64 years) tended to have higher 
cumulative time and percentage of time at a high cadence level 
than younger age groups (30-59 years). In general, it is known that 
older people have higher sedentary time and engage in less mod-

Figure 1. The percentage of time spent in each cadence category (unit: steps/min) across age groups by sex. The percentage of cumulative 
time in each cadence across age groups in male (left) and female (right).
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erate to vigorous PA, which is inconsistent with our finding [28,29]. 
The results of the current study are similar to the results of a pre-
vious study that investigated the PA of KNHANES participants 
through self-reported questionnaires and activity counts [22]. On 
average, the oldest group walked more per day than the groups 
aged 30-59, as shown in Table 1. Therefore, it is possible that the 
older adults who voluntarily participated in this study may have 
been physically healthy and had active habits.

There are some limitations that must be acknowledged in this 
study. PA was only classified based on ambulatory behavior meas-
ured using an accelerometer; thus, upper body movements or wa-
ter-based activity without the accelerometer were not reflected in 
our results. In this study, as the participants wore the accelerome-
ter for only 1 week and some participants only had 1 valid day, 
there might be a difference from the true cadence pattern. The ca-
dence categories were classified based on empirical research, but 
the relative intensity of cadence may vary depending on personal 
characteristics such as height and age [30].

In summary, free-living stepping cadence patterns in Korean 
adults were analyzed in this study. There was a linear decreasing 
trend in the cumulative time and proportion across cadence cate-
gories. In addition, Korean adults spent most of their time in a day 
at a low cadence level (< 40 steps/min). They spent only 18.1 min-
utes (2.1%) in over 100 steps/min. There were differences between 
sex in the cumulative time and percentage in each cadence cate-
gory; however, the overall linear trends were consistent. The older 
age group spent less time in the non-movement cadence category, 
and the youngest and oldest groups spent more time at a higher 
cadence (≥ 100 steps/min) than other groups. Furthermore, this 
pattern was consistent in a subgroup analysis by sex. These results 
indicate that Korean adults generally engage in low-intensity am-
bulatory behavior in all sex and age groups. In the future, it will 
be necessary to examine the dose of cadence-based PA that pro-
vides health benefits.
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