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Abstract: The aim of the present study was to examine the sex-related associations between accelerometer-
measured daily step counts and adiposity indicators in adults from eight Latin American countries.
We analyzed data from 2524 adults (aged 18–65 years) from the Latin American Study of Nutrition
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and Health. Device-measured daily step counts were measured by accelerometers (ActiGraph
GT3X). The outcomes were body mass index (BMI; (kg/m2), waist and neck circumference (in cm).
Overall, the mean of daily steps counts, BMI, waist and neck circumference were 10699.8, 27.3,
89.6, and 35.8. Weak and negative associations were observed between daily steps counts and BMI
(r = −0.17; p < 0.05) and waist circumference (r = −0.16; p < 0.05); however, step counts was not
associated with neck circumference. Daily steps counts were negatively associated with BMI (β:
−0.054; 95%CI: −0.077; −0.012) and waist circumference (−0.098; −0.165; −0.030) independently
of age and socioeconomic level. In men, there were significant negative associations between daily
steps counts with BMI (−0.075; −0.119; −0.031) and waist circumference (−0.140; −0.233; −0.048),
and in women, there was no significant association with either of the body composition indicators.
The findings from this study need to be examined in prospective settings that use device-measured
from Latin America.

Keywords: physical activity; walking; accelerometer; moderate-to-vigorous physical activity; over-
weight; obesity; Latin America; epidemiologic study

1. Introduction

The most recently reported prevalence of overweight and obesity in adults around the
world was approximately 39%, which is the highest prevalence ever reported [1]. One of the
most affected regions is Latin America, where alarming rates of up to 60% were reported [2].
This generates enormous public health costs in relation to morbidity and mortality. This
is explained by the extent of the association between adiposity and the increased risk of
diabetes mellitus, cardiovascular diseases, and various types of cancer [3]. These diseases
correspond to the leading causes of death in Latin America and the world [4,5].

Excess adiposity is a tremendously complex problem, with multiple causes involving
both environmental and individual factors [6]. One factor that is involved is physical inac-
tivity [7]. Multiple barriers are responsible for individuals not achieving recommendations
on physical activity for health. In Latin America, environmental factors that can inhibit
physical activity performances include the unregulated expansions of urban environments,
high-income inequality, high population density, population aging, air pollution, high
crime rates, and high poverty levels [8–10]. These barriers must be well identified, and
work in an interdisciplinary–intersectoral way to solve them. Thus, one way to mitigate
the epidemic of overweight and obesity is by promoting healthy lifestyles, in which phys-
ical activity has a preponderant role [11]. Physical activity can be used to reduce the
risk of obesity, lower the risk of all-cause mortality, cardiovascular events, and type 2
diabetes [12,13]. There are multiple types of physical activity, but the most common type
in the world is walking [14]. Walking does not require special training and can be done
almost everywhere [15].

Inconsistent methods can increase the proportion of errors and mask or alter the
actual associations between physical activity and health outcomes [16]. Most studies from
low- and middle-income countries use surveys where high levels of reporting bias can
be found [16–18]. In the Latin America region, low correlations were established when
contrasting with device-measured methods, such as accelerometers [16]. Although the
importance of these data (in terms of device measures) are unquestionable, accelerometers
are relatively expensive and require additional personnel time/expertise to manage and
process the data to derive the endpoints. Accelerometers were used to capture/describe
step data in nationally representative surveys from high-income countries [19]. On the
other hand, device-measured methods are rare in countries from Latin America, where
(most of the) previous researchers used indirect measures (i.e., questionnaires) to assess
physical activity [20,21]. However, by using accelerometers, it is possible to accurately and
reproducibly count daily steps [22].
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Studies from high-income countries have suggested that daily step counts are associ-
ated with lower adiposity, such as body mass index (BMI) or waist circumference [23,24].
Daily step counts (as an indicator of overall physical activity volume) would help identify
the strength of the association with the risk of overweight and obesity [20]. In regards to
daily step counts—there is a lack of studies that can enhance precision (with a standard
design and comparable methods) across Latin American countries. The Latin American
Study of Nutrition and Health (Estudio Latinoamericano de Nutrición y Salud—ELANS) is
a nationally representative data source that includes accelerometer-measured step counts
and adiposity indicators. The availability of multi-center cross-sectional survey data from
ELANS provides the rare opportunity to examine how accelerometer-measured daily step
counts are associated with adiposity indicators in eight Latin American countries. More-
over, this will help with the development of public health policies and behavioral-change
strategies to promote physical activity. The aim of the present study was to examine the
sex-related associations between accelerometer-measured daily step counts and adiposity
indicators in adults from eight Latin American countries.

2. Materials and Methods
2.1. ELANS Study Design and Participants

ELANS was a multi-national cross-sectional study that collected accelerometer-measured
daily step counts and adiposity indicators across eight Latin American countries: Ar-
gentina, Brazil, Chile, Colombia, Costa Rica, Ecuador, Peru, and Venezuela [25,26]. ELANS
was an epidemiological study using a standard design with comparable methods across
countries. The study used a large representative sample from these eight countries and
focused on urban populations. Only data for urban locations were included to increase
comparability across countries and for reasons surrounding feasibility. Data were collected
from September 2014 to February 2015. The overarching ELANS protocol was approved by
the Western Institutional Review Board (#20140605) and although the study is not a clinical
trial, the protocol was registered at ClinicalTrials.gov (#NCT02226627). Ethical approval
was obtained from each local institutional review board and all participants provided
written informed consent.

Sample size calculation considered a survey design effect of 1.75 with a limit error of
3.5% and p < 0.05, resulting in a required sample size of 9090, and was estimated based
on guidance from the National Center for Health Statistics [27]. The study was conducted
with a complex and multi-stage cluster-stratified sample design, with all regions for each
country represented and a random selection of main cities in each region, according to
the probability proportional to size. The sample was stratified by sex, age range (15–19.9,
20–34.9, 35–49.9, and 50–65 years), and socioeconomic level (low, middle, and high). Socioe-
conomic levels were weighted according to the national indices of each country. Details
about participant sampling and recruitment strategies were published elsewhere [25,26].

Participants (15–65 years old) were recruited and the final sample included 9218 (4809
[51.9%] men) adolescents and adults. Daily step counts were collected for 40% of the
sample, randomly selected to fill quotas by sex, age, and socioeconomic level, thereby
ensuring a representative subsample across these dimensions. For logistical and financial
reasons, efforts were made to ensure that a range of 23.4–34.2% of each sample wore the
devices for seven consecutive days. The current manuscript is based on a sample of 2524
participants aged 18–65, with valid data for accelerometer-measured daily step counts,
representing 27.4% of the total ELANS cohort. There were no significant differences (p >
0.05) in socioeconomic levels and distribution by sex between the participants who were
asked to wear accelerometers and those who were not. We excluded participants ≤17 years
of age from the analyses because the ELANS did not include adolescents <15 years of age,
and this specific age (15–17 years) was not considered in the sample weight. Moreover,
adolescents may have different physical activity behaviors when compared to adults [28].
Moreover, physical activity guidelines for adolescents differ than guidelines for adults [12].
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The protocol used in this manuscript included data collected during two home visits.
The first visit included an assessment of adiposity indicators. Additionally, a subsample
of the designated respondents received instructions regarding the use of accelerometers
to measure daily step counts; they were also provided with diaries (to complete for seven
consecutive days). The second visit, which included retrieving the accelerometers and
diaries, occurred 8 days after the first visit for participants who were provided with the
accelerometers.

2.2. Device-Measured Daily Step

The GT3X+ accelerometers (ActiGraph, Pensacola, FL, USA), considered valid in
adults [19,29], were used to measure daily step counts. Daily step counts measured over
7 days using the ActiGraph GT3X+ was previously shown to correlate (r = 0.86 for men;
r = 0.89 for women) well to physical activity energy expenditure as measured by doubly
labeled water [30]. The accelerometer was worn at the waist on an elasticized belt on the
right mid-axillary line. At least 10 h/day for 7 days (including at least one day over the
weekend) of recorded wear time were considered valid. Participants were asked to wear
the devices while awake and remove them only for showering/bathing or other water
activities and when sleeping.

The research team went to the participants’ homes to retrieve the devices on a subse-
quent day, of device data collection. The team downloaded the data using the latest version
of the ActiLife software (version 6.0; ActiGraph, Pensacola, FL). Data were collected at a
sampling rate of 30 Hz and processed to 60-s epochs [31].

After excluding the nighttime sleep period, non-wear waking time was defined by
any sequence of ≥60 consecutive minutes of 0 activity counts [32]. The mean valid days of
wear time and mean number of hours of daily wear time within the analyzed sample with
five or more valid days was 6.6 (95% confidence interval [CI]: 6.2; 7.0) and 15.3 h per day
(95%CI: 15.1; 15.5), respectively. Details were previously published [33].

To calculate mean daily step counts, the total number of steps during the valid wear
period was divided by the number of valid days that each participant was wearing the
accelerometer.

2.3. Adiposity Indicators

In each country, the adiposity indicators (body weight, height, waist, and neck cir-
cumferences) were measured while the participant wore light clothing and without shoes
using standard procedures and equipment. Body height (to the nearest 0.1 cm) and body
weight (to the nearest 0.1 kg) were measured using a calibrated electronic scale Seca 213®

(Hamburg, Germany). The measurements were taken during the end inhalation with the
participant’s head in the Frankfort Plane, without shoes [34]. BMI was calculated as weight
(kg) divided by height squared (m2).

A non-stretchable tape with an accuracy of 0.1 cm was used to evaluate circumferences.
Waist circumference was measured according to World Health Organization recommen-
dations, i.e., with the participants standing, after regular expiration, to the nearest cm,
midway between the lowest rib and the iliac crest on the horizontal plane, with the subject
in a standing position [35]. Neck circumference was measured in a plane as horizontal
as possible, immediately below the laryngeal prominence, while standing erect with eyes
facing forward [36]. All measurements were performed under strictly standardized condi-
tions. Two measurements of the adiposity indicators were performed, and the mean was
used for the analyses.

2.4. Statistical Analysis

The samples were weighted considering sociodemographic variables, sex, and so-
cioeconomic level, to make the sample comparable with the whole population of each
country [25]. Statistical analyses were carried out with the software SPSS v.26 software



Int. J. Environ. Res. Public Health 2021, 18, 4641 5 of 11

(SPSS Inc., IBM Corp., Armonk, New York, NY, USA) [37]. Means, standard deviations
(SD), and percentages were computed, as appropriate, to describe the variables.

Differences between sexes were analyzed using a t-test for independent samples. A
Pearson correlation coefficient (r) was used to assess the association of daily step counts
with adiposity indicators (BMI, waist, and neck circumference). A coefficient value of <0.30
was considered as weak, 0.30 to 0.49 as moderate, and >0.50 as strong [38]. Multilevel
linear regression models (β; confidence interval 95% [95%CI]) were used to examine the
associations between daily step counts with adiposity indicators in adults. We adjusted the
models for age and socioeconomic level. Statistical significance was considered at p < 0.05
and all tests were two-sided.

3. Results

The descriptive characteristics of the study sample are provided in Table 1, stratified by
country. The total number of participants included in this study was 2524 (53.1% women)
(aged 18.0–65.0 years). The mean (SD) age of the total sample was 38.3 (13.4) years, and the
mean (SD) of daily step counts, BMI, waist, and neck circumference were 10699.8 (5148.6),
27.3 (5.4), 89.6 (13.8), and 35.8 (4.1), respectively. The mean daily step counts ranged from
7586.8 in Costa Rica to 15192.8 in Chile; the mean BMI ranged from 27.0 in Ecuador to 28.3
in Chile; the mean waist circumference ranged from 87.9 in Ecuador to 93.6 in Costa Rica,
and the mean neck circumference ranged from 34.7 in Brazil to 37.4 in Chile.

Table 1. Descriptive characteristics of the participants stratified by country.

Country Men/Women a Age (years) b Daily Step
Counts b

Body Mass
Index (kg/m2) b WC (cm) b NC (cm) b

Argentina (n = 271) 42.1/57.9 40.7 (13.0) 7933.8 (3145.6) 28.0 (5.7) 91.2 (15.6) 36.2 (4.1)
Brazil (n = 524) 44.1/55.9 39.1 (13.3) 14120.0 (5181.2) 27.5 (5.6) 88.9 (13.9) 34.7 (4.6)
Chile (n = 274) 46.4/53.6 38.7 (13.2) 15192.8 (4669.7) 28.3 (5.2) 93.3 (12.5) 37.4 (3.7)

Colombia (n = 319) 49.8/50.2 39.5 (13.9) 8192.7 (3561.7) 25.6 (4.5) 85.6 (11.6) 35.2 (3.3)
Costa Rica (n = 247) 47.4/52.6 38.5 (12.8) 7586.8 (3498.3) 28.1 (6.2) 93.6 (16.4) 36.8 (3.9)
Ecuador (n = 249) 50.2/49.8 36.5 (13.6) 8336.3 (3505.4) 27.0 (5.2) 87.9 (11.4) 35.3 (3.6)

Peru (n = 302) 47.0/53.0 37.1 (13.4) 8521.2 (3612.8) 27.2 (4.9) 88.9 (12.3) 35.7 (3.7)
Venezuela (n = 338) 49.7/50.3 36.1 (13.2) 12285.3 (4983.3) 27.1 (5.6) 88.8 (14.5) 36.4 (4.4)

All countries (n = 2524) 46.9/53.1 38.3 (13.4) 10699.8 (5148.6) 27.3 (5.4) 89.6 (13.8) 35.8 (4.1)
a: Data are shown as a percentage; b: data are shown as mean (standard deviation); abbreviations: WC: waist circumference; NC: neck
circumference.

Table 2 presents descriptive characteristics of men and women. Overall, men and
women did not significantly differ in mean age and waist circumference; however, device–
measured daily step counts and neck circumferences were significantly greater in men
when compared to women. On the other hand, body mass index was significantly greater
in women than in men.

Table 2. Descriptive characteristics of participants stratified by sex.

Men (n = 1183) Women (n = 1341) pa

Age (years) 37.2 (13.5) 39.4 (13.2) 0.934
Daily step counts 11323.9 (5475.8) 10148.4 (4775.7) <0.001

Body mass index (kg/m2) 26.7 (5.1) 27.9 (5.7) <0.001
Waist circumference (cm) 91.0 (13.9) 88.4 (13.6) 0.410
Neck circumference (cm) 38.0 (3.8) 33.9 (3.3) 0.004

Data are shown as mean (standard deviation); a p-value for differences between sexes (t-test for independent
samples).

Table 3 presents the results of the correlation analysis describing correlations between
accelerometer-measured daily step counts and adiposity indicators (BMI, waist and neck
circumference) variables in total and by sex. Weak and negative correlations were observed
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between device-measured daily steps counts, BMI, and waist circumference; however, daily
step counts were not significantly correlated with neck circumference. In men, daily step
counts were weakly and negatively correlated with each of the adiposity indicators. On
the other hand, daily step counts were not correlated with either of the adiposity indicators
in women.

Table 3. Bivariate correlations between accelerometer-measured daily step counts and adiposity
indicators stratified by sex.

Sex
Body Mass Index

(kg/m2)
Waist Circumference

(cm)
Neck Circumference

(cm)

r p r p r p

Total −0.17 <0.001 * −0.16 0.005 * 0.11 0.783
Men −0.18 0.012 * −0.20 <0.001 * −0.18 0.005 *

Women −0.14 0.116 −0.14 0.157 −0.14 0.189
* Value of significance of the Pearson correlation coefficient.

Table 4 presents the results of the multilevel linear regression analysis describing the
association between accelerometer-measured daily step counts and each adiposity indicator
by sex adjusted for age and socioeconomic level. For men and women combined, daily step
counts were negatively associated with body mass index and waist circumference. In men,
there were significant negative associations between daily step counts with body mass
index and waist circumference adjusted for age and socioeconomic level, and in women,
there was no significant association with either of the adiposity indicators.

Table 4. Multilevel linear regression models (β coefficient, 95%CI) between device-measured daily
step and adiposity indicators stratified by sex.

Sex
Body Mass Index

(kg/m2)
Waist Circumference

(cm)
Neck Circumference

(cm)

β (95%CI) p β (95%CI) p β (95%CI) p

Total −0.054
(−0.077; −0.012) 0.011 −0.098

(−0.165; −0.030) 0.007 −0.021
(−0.050; 0.020) 0.072

Men −0.075
(−0.119; −0.031) 0.003 −0.140

(−0.233; −0.048) 0.006 −0.032
(−0.061; 0.031) 0.086

Women −0.004
(−0.050; 0.057) 0.735 −0.020

(−0.131; 0.011) 0.634 −0.012
(−0.039; 0.029) 0.832

Abbreviations: CI: confidence interval; multilevel linear regression models, including region and cities as random
effects adjustment for age and socioeconomic level.

4. Discussion

The present study examined the sex-related associations between accelerometer-
measured daily step counts and adiposity indicators among adults from eight Latin Ameri-
can countries. In general, daily step counts were negatively associated with BMI and waist
circumference independently of age and socioeconomic level. However, when stratified by
sex, a significant association was only observed among men among daily step counts and
BMI, and waist circumference.

BMI and waist circumference are the two most common indicators of adiposity in-
cluded in studies that analyze daily steps [39,40]. It was reported that people who accu-
mulated more steps per day had a lower BMI and waist circumference [39,41], which is
what was observed in the general sample, and in men. Similar to other findings [42,43],
the associations observed in the current study between BMI and waist circumference
were statistically significant in both sexes. Nevertheless, the linear regression models
presented suggest that the preferred obesity index is different in men and women. While
waist circumference, and not BMI, reflects fat distribution, neither waist circumference
nor BMI measures body tissue composition. Men and women differ considerably in fat
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proportion, as well as distribution. Sex-related differences, which are readily apparent in
normal-weight men and women, may predispose to a spectrum of fat distribution pheno-
types with obesity [44]. Higher prevalence of “apple” shaped obesity in men, i.e., central
obesity (“android obesity”) may explain the stronger relationship we observed in waist
circumference in men. Sex-based differences in fat distribution may explain differences
between the sexes in adiposity indicators.

Like our results, recent device-measured studies have also found that daily step counts
are higher in men than women [45,46]. Additionally, a study from ELANS showed that men
were more active at moderate-to-vigorous physical activity than women (42.1 min/day;
95%CI: 40.8; 43.4 versus 28.3 min/day; 95%CI: 27.1, 29.6) with women recording greater
volumes of light activities (316.0 min/day; 95%CI: 311.3; 320.7 versus 305.7 min/day;
95% CI: 300.8; 310.7) [33]. An explanation for these confirmed sex differences was the
maintenance of traditional gender roles, with men engaging in heavier activities and
making more daily journeys as “wage-earners” of the family, while women were more
involved in light domestic activities, such as home management, care, and cooking. Daily
journey logs confirmed that those making most journeys away from their homes were
more likely to be the more active men [47].

The negative correlation observed between steps per day and the indicators of adi-
posity in men, although statistically significant, was weak. Thus, the daily step counts
explained only between 3 and 4% of the variance of the BMI and waist circumference,
respectively. Therefore, the clinical application is limited. Based on the beta coefficients,
an increase of 14,313 steps per day is associated with a decrease of 1 point in BMI; which,
in practical terms, implies an increase of more than double the average number of steps
reported in our sample. In contrast, an increase of 2813 steps per day was associated with a
decrease of 1 cm in waist circumference. The decrease in waist circumference of 1 cm may
be within the range of the measurement error, and it is more achievable than the increase
in the number of daily steps associated with a decrease in BMI. Thus, the number of steps
needed to achieve a relevant difference in BMI or waist circumference is challenging.

The low association observed between daily steps and adiposity in men, and the
absence of associations observed in women, could be affected by other factors. The large
amount of time in sedentary behavior previously reported in the Latin American population
could at least partially explain our results [48–50]. Using data from the ELANS study, we
showed there were only minor sex differences in the average levels of device-measured
sedentary behavior (men: 582.7 min/day; 95%CI: 576.2; 589.2; women: 561.6 min/day;
95%CI: 555.3; 567.8) [33]. Previous research has shown that substituting 30 min of sedentary
behavior to light physical activity may reduce the risk of all-cause mortality by 11% and risk
of cardiovascular disease by 24% [51]. The recommendation to limit sedentary behavior
was qualified with an acknowledgment that replacing sedentary time with any intensity of
physical activity (including light intensity) has health benefits. This recommendation was
based first on the juxtaposed evidence of lower levels of time spent in sedentary behaviors
being beneficial for health, even among those with modest levels of moderate-to-vigorous
physical activity [12]. The important practical application of this recommendation is to
encourage the promotion of multiple approaches, in order to limit the adverse health
outcomes associated with high levels of sedentary time. Considering the negative effects of
sedentary behaviors on health outcomes [52], there is a need to monitor these behaviors in
national health surveys. The importance of strategies aimed at reducing sedentary behavior
should also be included in national policies. Currently, there are no strategies that aim to
reduce sedentary behavior in South America.

Unlike BMI and waist circumference, neck circumference, despite being an indicator
of adiposity [36], has been less considered in studies that analyzed daily steps. Previous
research investigated its relationship with different types of physical activity. When using
accelerometers, neck circumference is only negatively associated with vigorous physical
activity in men and no association was observed with daily steps [53]. Similar to our
results, these associations were not observed in women. The use of neck circumference
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was proposed as an alternative measure of adiposity; however, its association with body
composition appears to be less strong than BMI or waist circumference [54]. Future
research is needed to analyze the use of neck circumference in combination with BMI or
waist circumference to estimate adiposity.

Some limitations must be considered. The accelerometers do not capture common
activities, such as cycling, resistance, and static exercise, and carrying loads. Our evaluation
of accelerometer-measured daily step counts may not represent the total population in
the eight participating countries, since participants were recruited from specific urban
neighborhoods. The most significant barriers to conducting studies such as this one are
the inherent organizational complexities, recruitment of collaborators and research staff,
institutional cooperation, development of infrastructure, and identification of resources.
Multicenter cooperative studies, while challenging, offer great potential for building a
scientific base for studies on physical activity and health. Importantly, the strength of this
study concerns its accelerometer-measured daily step counts as a dimension of physical
activity in a large sample size of the Latin American population. Accelerometers, such
as those used in ELANS, are valid instruments to measure steps and physical activity
intensity. The use of device methods is rare in Latin American countries where most
previous research relied on self-reported instruments [33]. The use of the accelerometer is
not influenced by recall biases, which is a common disadvantage of self-report methods.
Combining an accelerometer and a previously validated questionnaire is of great interest,
especially to better understand the reality in Latin America in regards to physical activity
spaces and domains. Our study is the first to evaluate daily step counts via devices in Latin
America, using a standardized methodology across a consortium of several participating
countries.

5. Conclusions

This present study showed an inverse association between accelerometer-measured
daily step counts and adiposity indicators, specifically in regards to BMI and waist circum-
ference in men and women combined, and for men alone.

This analysis of accelerometry data and adiposity indicators represents the first exami-
nation of these associations in the Latin America region. This study demonstrates that total
physical activity volume is an important factor for health, and efforts to improve daily step
counts, due to the health benefits, should be undertaken. Further research is required to
ascertain the more intricate relationship between daily step counts and adiposity indicators
at different levels (i.e., lower or higher BMI) in Latin American adults.
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