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Abstract 

Background Excess weight is increasing worldwide, and in Latin America more than half of the population is excess 
weight. One of the reasons for this increase has been excessive sitting time. Still, it remains to be seen whether there is 
an excessive amount of that time in Latin American adults. This study aimed to associate different sitting time cut‑off 
points with the excess weight.

Methods Data from the Latin American Study of Nutrition and Health (ELANS), a cross‑sectional population‑based 
survey conducted in eight Latin American countries, were used. The excess weight indicators used were body mass 
index, and waist and neck circumferences. Sitting time was obtained using questionnaires and categorized at differ‑
ent cut‑off points. Differences between sitting time categories (< 4 or ≥ 4; < 6 or ≥ 6; and < 8 or ≥ 8 hours/day) and 
excess weight were obtained by Student’s t test for independent samples and the association between sitting time 
categories and different indicators of excess weight were obtained by logistic regression.

Results The median of the sitting time was 420 min/day (IQR: 240–600). There were no significant differences 
between body mass index (kg/m2) and waist circumference (cm) with categories of sitting time. The mean values 
of neck circumference (cm) were significantly higher in ≥4, ≥6 and ≥ 8 hours/day than < 4, < 6, and < 8 hours/day of 
sitting time in the pooled sample. Some distinct differences by country were observed. There were significant dif‑
ferences among excess weight by body mass index (63.2% versus 60.8) with < 8 vs ≥8 hours/day of sitting time. The 
proportion of excess weight by neck circumference was higher in participants who reported ≥4, ≥6, and ≥ 8 hours/
day compared to < 4, < 6, and < 8 hours/day of sitting time. Considering ≥8 hours/day of sitting time, higher odds of 
excess weight were found evaluated by body mass index (OR: 1.10; 95% CI: 1.01, 1.20) and neck circumference (OR: 
1.13; CI 95%: 1.03, 1.24) overall.

Conclusions Sitting time above 8 hours/day was associated with higher odds of excess weight, even though there 
were no differences in waist circumference between sitting time categories.
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Background
Epidemiological studies have identified that excess 
weight increases the risk for cardiovascular disease, 
hypertension, diabetes, and sleep apnea syndrome [1, 2]. 
The prevalence of excess weight has increased worldwide 
[1]. Currently, approximately 39% of the adults in the 
world are excess weight [3]. In Latin America, up to 60% 
of excess weight has been reported [4]. The population 
of Latin America is increasingly excess weight. It is esti-
mated that by 2030 more than 80% of the adult popula-
tion will be excess weight [1, 2].

There are several methods to assess excess weight. 
Body mass index (BMI) and waist circumference (WC) 
are the most known and used among them [5]. Although 
most studies use BMI, there is strong evidence showing 
that this method has high specificity but low sensitivity 
for identifying adiposity, as it does not identify half of the 
people with excess body fat [5, 6]. Recently, neck circum-
ference (NC) has emerged as a simple, inexpensive and 
convenient screening measure to assess excess weight 
and also for demonstrating equal or better associations 
of cardio metabolic risk compared to other standard 
anthropometric measures such as BMI and WC [7, 8]. 
Due to the associations observed with several cardiovas-
cular risk factors, neck fat may be a unique and patho-
genic deposit of the upper body that could be a measure 
similar to visceral fat, which has a stronger association 
with cardio metabolic risks than fat subcutaneous [8, 9].

Concomitantly, sedentary behavior has also been stud-
ied and pointed out as an adverse health factor, espe-
cially in excess weight [10, 11]. Sedentary behavior has 
been defined as any waking behavior characterized by an 
energy expenditure ≤1.5 metabolic equivalents of task 
(METs), while in a sitting, reclined or lying or reclin-
ing posture [12]. Based on self-reports, Latin American 
adults spent on average 460 min/day sitting and the pro-
portion who reported ≥4, ≥6, and ≥ 8 hours/day was 
41, 19 and 7%, respectively [13, 14]. A study carried out 
with a representative sample in the United States (USA) 
showed a positive association of self-reported sitting time 
(ST) with several risk factors, such as WC, BMI, triglyc-
erides, cholesterol (HDL) and insulin [10]. Bullock et al. 
observed that ≥8 hours of ST a day increased the excess 
weight (defined as ≥25 kg/m2 of BMI) by 62% compared 
to the reference group (< 4 hours/day), regardless of phys-
ical activity, gender and age in 5338 adults from high-
income countries (i.e., Europe and United States). The 
authors found no significant association between other 
categories of ST (4- < 6 and 6- < 8 hours/day) with obesity 
compared to the < 4 hours/day [11]. Recent studies indi-
cate that the time in ST is a factor for excess weight and 
other chronic conditions, regardless the level of physical 
activity [11, 15].

There are relatively few studies that examined the 
relationship between different cut-off points of ST with 
indicators of excess weight (i.e., BMI, WC, and NC) in 
a large international Latin American sample because of 
the variety of methodologies applied [16, 17]. Only one of 
these Latin American studies used a representative sam-
ple of the urban population. Paz-Krumdiek et al., found 
that Peruvian adults with greater ST, using various cut-off 
points, were more likely to be obese. This association was 
evident with three different excess weight indicators (i.e., 
BMI, WC, and waist to height ratio) [16]. The aim of this 
study was to verify the association between different cut-
points of ST with excess weight, using distinct indicators 
adjusted for physical activity, in a large adult sample from 
eight Latin American countries.

Methods
Study design and sample
The Latin American Study of Nutrition and Health / 
Estudio Latinoamericano de Nutrición y Salud (ELANS) 
is a household-based multi-national cross-sectional sur-
vey of nationally representative samples from urban 
populations. The ELANS involved eight Latin American 
countries (i.e., Argentina, Brazil, Chile, Colombia, Costa 
Rica, Ecuador, Peru, and Venezuela) stratified by geo-
graphical location (only urban areas), gender, age, and 
socioeconomic status. The ELANS was conducted over 
1 year (September 2014 to February 2015). The over-
arching ELANS protocol was approved by the Western 
Institutional Review Board (#20140605) and is registered 
at Clinical Trials (#NCT02226627). All aspects of the 
study were in accordance with the Declaration of Hel-
sinki. The ethical review boards also approved each site-
specific protocol of the participating institutions, and 
participants` informed consent/assent was obtained. The 
rationale and design of the study are reported in more 
detail elsewhere [18, 19].

The sampling size was calculated with a confidence 
level of 95% and a maximum error of 3.49%. A survey 
design effect of 1.75 was estimated based on guidance 
from the U.S. National Center for Health Statistics [18], 
and calculations of the minimum sample sizes required 
per socioeconomic level (low, middle, and high), age (15–
19.9, 20–34.9, 35–49.9; and 50–65.9 years) and sex (men 
and women) were performed for each country, resulting 
in a required sample size of 9090. The study consisted 
of 9218 (4409 men) participants aged 15–65 years who 
were chosen using a random complex, multistage sam-
pling frame with a random selection of Primary Sampling 
Units (PSUs) and Secondary Sampling Units (SSUs). 
The participants were recruited from PSUs within each 
selected city in each country. An “n” size proportional 
to population weight was used to select PSUs. In this 
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instance, a simple random sampling of “n” with replace-
ment was achieved to adhere to the principle of statistical 
independence of selecting the areas included in the PSU 
sample. For these random selections, the probability pro-
portional to size method was applied. Thus, within each 
area included in the PSU distribution, a representative 
sample of SSUs was randomly designated using the prob-
ability proportional to size method. Households within 
each SSUs were selected based on systematic randomiza-
tion. Details about participant sampling and recruitment 
strategies have been published elsewhere [18].

A total of 9218 (47.8% men) participants (aged 15.0–
65.0 years) were included in the ELANS study. In the pre-
sent study, data on adolescents aged between 15 and 19 
were excluded because of the different cut-offs used for 
excess weight in adolescents and adults [20–22]. There-
fore, the present study included a final sample of 7995 
(53.4% women), aged between 20 and 65 years.

Sitting time
ST was evaluated based on self-reported time in a sit-
ting position, using a Spanish and Portuguese language 
long-form “last seven days” of the International Physical 
Activity Questionnaire (IPAQ), which has been validated 
in both languages for the assessment of physical activity 
and ST [23–26].

Participants were asked to estimate the amount of time 
(min/day) spent sitting at work, at home, and during lei-
sure time [27]. (I) “How many days did you use the com-
puter at home in the last 7 days?” (II) “During the last 7 
days, did you remain sitting?” (Yes, No); (III) “During the 
last 7 days, on how many days did you remain sitting?” 
(IV) “How much time did you usually remain sitting for?” 
These questions were asked separately for weekdays and 
weekend days. We summed weekday and weekend day 
ST to calculate average daily overall ST as follows (week-
day time*5 + weekend day time*2)/7.

We adopted three cut-off points (≥4, ≥6, and ≥ 8 hours/
day) for ST, which have been recognized as critical points 
for several negative outcomes, including risk of cardio-
vascular disease and all-cause mortality and have been 
widely used in previous research [28, 29]. Due to incon-
sistency concerning cut-off points across health out-
comes, there currently is lack research on which to base 
specific public health recommendations (a single cut-off) 
regarding the appropriate limit of sedentary behavior to 
maximize cardiovascular disease health benefits [30].

Excess weight
Excess weight measurements were taken by previously 
trained professionals using standard protocols. Body-
weight was measured to the nearest 0.1 kg using a porta-
ble scale (Seca®, model, Hamburg, Germany), which had 

an upper limit of 200 kg. Heavy clothing, pocket items, 
shoes, and socks were removed [31]. Two measurements 
were obtained, and the average was used for analysis (a 
third measurement was obtained if the first two measure-
ments were > 100 g apart, and the closest two measure-
ments were averaged for analysis).

The participants’ body height was measured using a 
portable Seca 213® stadiometer (Hamburg, Germany), 
whose measuring range was from 0 to 205 cm. An indi-
vidual’s height was measured without shoes (either 
barefoot or with socks) [31]. The individual was posi-
tioned under the stadiometer, standing in an erect posi-
tion with the back against the wall, and remained with 
feet together, heel against the wall, heels, buttocks, back 
and head touching the wall, knees straight, and looking 
forward with head positioned in the Frankfurt plane. 
The measurement was taken during inspiration and was 
repeated with the average of both measurements being 
used for analysis (a third measurement was obtained if 
the first two measurements were > 0.2 cm apart, and the 
average of the two closest measurements was used for 
analysis). BMI (kg/m2) was calculated based on reference 
data for adults [32, 33] BMI was categorized into two cat-
egories (eutrophic vs excess weight). Values less than 25 
were classified as eutrophic. Values greater than or equal 
to 25 were classified as excess weight [33].

WC was measured to the nearest centimeter, midway 
between the lowest rib and the iliac crest after a regular 
expiration, with the subject standing, according to World 
Health Organization (WHO) recommendations [32, 33]. 
The WC measurement was conducted on the skin using 
an inelastic tape after removing any accessories, such 
as belts and girdles, situated in the abdominal area. The 
individual was standing with feet together and arms posi-
tioned beside the body. WC measurement was performed 
midway between the lowest rib and the iliac crest after 
normal breath. The measurement was repeated, and the 
average was used for analysis (a third measurement was 
obtained if the first two measurements were > 1 cm apart 
and the average of the two closest measurements was 
used for analysis). WC was categorized based on refer-
ence data for adults and sex [34]. In women, values equal 
to or less than 88 cm were classified as eutrophic and val-
ues greater than 88 were classified as excess weight. In 
men, those with a value equal to or smaller than 102 cm 
were considered eutrophic, and higher values were classi-
fied as excess weight [34].

NC (in centimeters) was measured at the point just 
below the larynx (thyroid cartilage) and perpendicular 
to the long axis of the neck (with the tape line in the 
front of the neck at the same height as the tape line at 
the back of the neck) using an inelastic tape measure 
[35]. Each measurement was repeated twice to ensure 
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accuracy, and the average was used for the analyses. 
A third measurement was taken if the two readings 
differed by more than the previously established set-
point (0.5 cm for NC). All three measurements were 
recorded, and the closest two measurements were used 
to calculate the average. Women with NC > 35 and men 
with > 39 were classified as excess weight. Those with 
equal or lower values were considered eutrophic [36].

Correlates
Age, sex, marital status, work status, race/ethnic-
ity, socioeconomic level, physical activity, and energy 
intake were assessed using standard questionnaires 
that were completed during face-to-face interviews and 
included as covariates in all statistical models. Marital 
status was classified as married or not-married (single, 
widowed or divorced). Work status was categorized as 
working (half-time and full-time) or not-working (stu-
dent, unemployed, retired, and others). Race/ethnicity 
was classified as White/Caucasian, Black, Mixed (born 
of father and mother of different Race/Ethnicities), or 
Others (Asian, Indigenous, and others). Socioeconomic 
level data was divided into three strata (low, medium, 
and high) based on the national indexes used in each 
country. Further details on sociodemographic charac-
teristics by countries can be found elsewhere [13, 19, 
37, 38].

Physical activity was evaluated using the International 
Physical Activity Questionnaire (IPAQ). Participants 
were instructed to report the frequency and duration 
(bouts of > 10 minutes) of physical activity in active trans-
port and leisure-time [27]. IPAQ physical activity data are 
reported as min/week of walking, moderate and vigorous 
physical activity during leisure-time, and min/week of 
walking and cycling for transport-related purposes. Time 
(min/week) spent in each physical activity domain (i.e., 
transport-related and leisure-time) was calculated. The 
sum of active transport (walking + bicycle) and leisure-
time physical activity (walking + moderate + vigorous) 
was considered total physical activity [19, 27]. Partici-
pants were categorized as active (≥150 minutes/week) or 
insufficiently active (< 150 minutes/week) moderate-to-
vigorous physical activity guidelines [39].

Dietary intake data was obtained from two in-person 
24 h dietary recall interviews using the automated mul-
tiple-pass method [40]. Foods and beverages were con-
verted into energy and nutrients using the Nutrition Data 
System for Research Software (NDS-R version 2013) [41]. 
Energy intake was also used as potential confounder to 
evaluate the associations between ST and excess weight 
indices. Detailed information can be found in a previous 
publication [18, 42].

Statistical analyses
According to sociodemographic characteristics, sex, 
socioeconomic level, and country, weighting was done 
[19]. A Kolmogorov-Smirnov test was applied to evalu-
ate the data distribution and the Levene test for analy-
sis of homogeneity of variances. Descriptive statistics 
included means, standard deviations (SD), or frequen-
cies as appropriate. Due non normal of ST, data is pre-
sented as median and interquartile range (IQR: 25th 
and 75th) values. Differences between ST categories 
(< 4 or ≥ 4; < 6 or ≥ 6; and < 8 or ≥ 8 hours/day) and 
excess weight (BMI, WC, and NC) were analyzed using 
a Student’s t test for independent samples for continu-
ous data, and chi-square test were used for categorical 
data.

Logistic regression models examined the association 
between each ST category (independent variable) with 
BMI, WC and NC (dependent variable). Our model was 
adjusted for sex, age, marital status, race/ethnicity, socio-
economic level, physical activity, and energy intake. All 
statistical analyses were performed using SPSS V22 soft-
ware (SPSS Inc., IBM Corp., Armonk, New York, NY, 
USA). We present the overall (i.e., pooled) and country-
specific results. The level of significance was set at p < .05.

Results
The sample consisted of 7995 adults with a mean age 
of 38.7 years (SD: 12.8). Overall, 52.8% of the sample 
consisted of female, 53.8% were married, 59.2% were 
working, 45.7% were classified as being of Mixed race/
ethnicity, and 51.9%% had low socioeconomic level. A 
total of 50.0% of participants not met the moderate-to-
vigorous physical activity guidelines. The mean of energy 
intake was 1993.3 (SD: 620.3) kcal/day. The country with 
the highest proportion of participants was Brazil (22.1%) 
and the country with the lowest proportion was Ecua-
dor 8.4%. The median of the ST was 420 min/day (IQR: 
240–600), being lowest in Ecuador (300 min/day [IQR: 
180–480]) and highest in Argentina (480 min/day [IQR: 
330–720]) and Peru (480 min/day [IQR: 315–660]), 
respectively. In relation to excess weight indicators, the 
entire sample had a mean of 27.2 kg/m2 (SD: 5.5), 89.2 cm 
(SD: 14.0) and 35.7 cm (SD: 4.0) of BMI, WC and NC 
(Table 1).

Table 2 presents results from BMI (kg/m2), WC (cm) 
and NC (cm) across categories of ST. There were no 
significant differences among categories of ST for BMI 
and WC in total sample and by country. On the other 
hand, the mean values of NC were significantly higher 
in ≥4, ≥6 and ≥ 8 hours/day than < 4, < 6, and < 8 hours/
day of ST in the pooled sample. Some distinct differ-
ences by country were observed. Only in Brazil and 
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Colombia presented significant differences between all 
categories of ST (Table 2).

Table  3 shows the proportion of excess weight par-
ticipants based on BMI, WC, and NC for each ST cat-
egory across the entire sample and by country. There 
were significant differences among excess weight by 
BMI (63.2% versus 60.8) with < 8 vs ≥8 hours/day of ST 
in the total sample. In all categories of ST, the propor-
tion of excess weight by NC was higher in participants 
who reported ≥4, ≥6, and ≥ 8 hours/day compared to 
< 4, < 6, and < 8 hours/day of ST. However, there were 
no significant differences for all categories of ST and 
excess weight by WC (Table 3).

Table  4 expresses the association between ST catego-
ries and excess weight indicators. There were no signifi-
cant differences in excess weight based on BMI or WC 
among ≥4 and ≥ 6 horas/day across the total sample and 
by country. Using NC as an excess weight indicator, there 
were, however, significantly higher excess weight rates 
in the > 4 (OR: 1.17; 95%CI: 1.06, 1.30) and ≥ 6 hours/
day (OR: 1.12; 95%CI: 1.02, 1.23) of ST across the total 
sample. These results were only observed for Brazil in 
the country-specific analyses (≥4 horas/day; OR: 1.26; 
95%CI: 1.01, 1.57 and ≥ 6 horas/day; OR: 1.23; 95%CI: 
1.01, 1.50). Considering ≥8 hours/day of ST, we found 
higher odds of excess weight assessed by BMI (OR: 

Table 1 Descriptive analysis (mean [SD]) of age, sitting time, body mass index, waist and neck circumference of adults by country

a  as median and interquartile range (25th and 75th) values

Variables N Age Sitting time (min/day)a Body mass index 
(kg/m2)

Waist 
circumference (cm)

Neck 
circumference 
(cm)

All sample 7995 38.7 (12.8) 420 (240–600) 27.2 (5.5) 89.2 (14.0) 35.7 (4.0)

Sex

 Men 3729 37.7 (12.7) 420 (240–660) 26.9 (5.1) 91.3 (13.6) 38.1 (3.7)

 Women 4266 39.5 (12.8) 389 (240–600) 28.0 (5.8) 88.7 (14.0) 33.9 (3.3)

Marital status

 Married 4307 40.5 (12.0) 375 (240–600) 28.1 (5.3) 91.7 (13.5) 36.1 (4.1)

 Not‑married 3688 36.5 (13.3) 420 (240–659) 26.8 (5.6) 88.0 (14.1) 35.7 (4.0)

Work status

 Working 4730 38.8 (11.6) 420 (240–620) 27.5 (5.3) 90.4 (36.5) 36.5 (4.1)

 Not‑working 3265 38.4 (14.4) 390 (240–600) 27.6 (5.8) 89.3 (14.4) 34.9 (3.8)

Race/ethnicity

 White/Caucasian 2794 39.8 (12.8) 420 (240–600) 27.8 (5.7) 90.8 (14.7) 35.9 (4.2)

 Black 522 36.6 (12.1) 390 (240–600) 27.4 (5.8) 90.5 (14.4) 35.7 (4.4)

 Mixed 3653 38.0 (12.7) 420 (240–600) 27.3 (5.3) 89.4 (13.1) 35.9 (3.9)

 Others 1026 38.9 (12.7) 330 (130–600) 27.2 (4.8) 88.9 (12.1) 34.6 (4.6)

Socioeconomic level

 Low 4149 38.2 (13.0) 360 (210–600) 27.5 (5.6) 89.8 (13.9) 35.7 (4.1)

 Medium 3073 38.4 (12.6) 420 (240–660) 27.5 (5.3) 90.1 (13.9) 36.1 (4.1)

 High 773 38.8 (12.3) 480 (300–660) 27.7 (5.3) 90.4 (4.1) 38.8 (12.3)

Physical activity

 Active 3955 38.0 (12.7) 390 (240–600) 27.2 (5.3) 89.5 (13.4) 35.8 (3.9)

 Insufficiently active 4000 39.3 (12.8) 420 (240–660) 27.9 (5.8) 90.7 (14.5) 35.9 (4.2)

Country

 Argentina 1114 39.5 (12.6) 480 (330–720) 27.4 (5.9) 89.5 (15.4) 35.7 (4.0)

 Brazil 1765 39.1 (12.6) 360 (210–600) 27.0 (5.6) 88.4 (14.4) 34.9 (4.5)

 Chile 761 39.4 (12.8) 420 (300–600) 28.4 (5.4) 93.2 (14.0) 37.4 (3.9)

 Colombia 1082 39.6 (13.5) 420 (240–660) 26.0 (5.0) 85.9 (12.8) 35.1 (3.5)

 Costa Rica 677 38.4 (12.6) 360 (240–600) 28.0 (6.1) 93.0 (15.1) 36.9 (3.8)

 Ecuador 672 37.5 (12.9) 300 (180–480) 27.1 (5.3) 88.4 (11.9) 35.2 (3.7)

 Peru 948 37.2 (12.5) 480 (315–660) 27.0 (4.8) 88.3 (12.0) 35.5 (3.5)

 Venezuela 976 37.8 (12.7) 360 (180–540) 27.6 (5.7) 89.9 (14.2) 36.3 (4.1)
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1.10; 95%CI: 1.01, 1.20) and NC (OR: 1.13; 95%CI: 1.03, 
1.24) in the total sample. Peru was the only country with 
higher odds of excess weight measured by NC (OR: 1.13; 
95%CI: 1.00, 1.71) (Table 4).

Discussion
The present study aimed to investigate the associa-
tion between different cut-off points of ST with excess 
weight, using distinct indicators (i.e., BMI, WC, and 
NC) in adults from eight Latin American countries. 
The total sample  >  4 and ≥ 6 hours/day were associ-
ated with higher odds of excess weight evaluated by 
NC. Only Brazil, presented higher odds between ≥4 
and ≥ 6 hours/day of ST and excess weight evaluated 
by NC. Considering ≥8 hours/day of ST, we found 

higher odds of excess weight assessed by BMI and NC 
in the total sample. Peru was the only country with 
higher odds of excess weight measured by NC using an 
8 hours/day cut-point.

The present study categorized ST using different cut-
points (4, 6, and 8 hours/day) from the perspective of 
finding an “acceptable” value of ST that did not signifi-
cantly increase the excess weight. There is still no maxi-
mum value in the literature that establishes the amount 
of time sitting where the health risk is lower. The main 
recommendation on the subject is that we should mini-
mize ST as much as possible, the World Health Organi-
zation itself, in its guideline, only reiterates that adults 
should limit the amount of sedentary behavior and, if 
possible, replace this time with physical activities of 

Table 2 Comparison (mean [SD]) between sitting time categories with body mass index, waist and neck circumference of adults by 
country

a Student’s t test for independent samples for comparison (p < 0.05) between < 4 and ≥ 4; < 6 and ≥ 6; and < 8 and ≥ 8 hours/day

< 4 hours/day ≥4 hours/day < 6 hours/day ≥6 hours/day < 8 hours/day ≥8 hours/day

Body mass index (kg/m2)
 Argentina 27.69 (5.91) 27.45 (5.91) 27.54 (5.67) 27.47 (6.02) 27.25 (5.53) 27.72 (6.62)

 Brazil 26.68 (5.58) 27.20 (5.66) 26.83 (5.54) 27.22 (5.73) 27.02 (5.59) 27.04 (5.72)

 Chile 28.70 (5.18) 28.43 (5.46) 28.45 (5.03) 28.50 (5.63) 28.63 (5.43) 28.26 (5.36)

 Colombia 26.18 (4.79) 25.97 (5.07) 26.09 (4.77) 25.98 (5.15) 26.00 (4.70) 26.07 (5.34)

 Costa Rica 27.62 (5.77) 28.28 (6.27) 27.89 (5.68) 28.24 (6.53) 28.14 (5.91) 27.95 (6.51)

 Ecuador 27.15 (5.20) 27.17 (5.41) 27.10 (5.07) 27.26 (5.71) 27.10 (5.12) 27.35 (5.89)

 Peru 26.88 (4.66) 27.06 (4.92) 27.03 (4.49) 27.03 (5.05) 26.96 (4.38) 27.10 (5.33)

 Venezuela 27.79 (5.86) 27.58 (5.67) 27.70 (5.73) 27.60 (5.73) 27.67 (5.81) 27.61 (5.60)

 All sample 27.18 (5.47) 27.31 (5.59) 27.22 (5.35) 27.32 (5.71) 27.27 (5.41) 27.28 (5.76)

Waist circumference (cm)
 Argentina 89.84 (14.73) 89.45 (15.56) 90.52 (14.34) 89.05 (15.87) 89.75 (14.00) 89.30 (16.65)

 Brazil 87.99 (14.37) 88.66 (14.42) 88.15 (14.03) 88.74 (14.75) 88.42 (14.11) 88.50 (14.90)

 Chile 93.60 (13.62) 93.14 (14.11) 92.99 (13.22) 93.39 (14.50) 93.57 (13.98) 92.72 (14.04)

 Colombia 86.02 (12.03) 85.86 (13.15) 85.65 (12.19) 86.08 (13.33) 85.70 (12.26) 86.15 (13.58)

 Costa Rica 92.35 (14.88) 93.30 (15.25) 92.87 (14.04) 93.13 (16.15) 92.98 (14.25) 93.03 (16.68)

 Ecuador 88.84 (11.35) 88.16 (12.40) 88.35 (11.26) 88.63 (13.00) 88.43 (11.45) 88.53 (13.35)

 Peru 88.10 (11.42) 88.38 (12.16) 88.59 (11.11) 88.21 (12.47) 88.17 (10.84) 88.51 (13.16)

 Venezuela 90.55 (14.05) 89.60 (14.28) 90.09 (13.77) 89.73 (14.62) 89.92 (13.72) 89.88 (15.04)

 All sample 89.22 (13.62) 89.28 (14.21) 89.26 (13.35) 89.26 (14.58) 89.32 (13.43) 89.17 (14.91)

Neck circumference (cm)
 Argentina 35.26 (4.52) 35.79 (3.89) 35.48 (4.25) 35.80 (3.90) 35.65 (4.11) 35.74 (3.93)

 Brazil 34.39 (4.43) 35.17 (4.58)a 34.58 (4.44) 35.25 (4.63)a 34.71 (4.49) 35.62 (4.63)a

 Chile 37.42 (3.83) 37.45 (3.93) 37.35 (3.81) 37.50 (3.97) 37.42 (3.87) 37.48 (3.97)

 Colombia 34.97 (3.31) 35.51 (3.59)a 35.05 (3.37) 35.60 (6.62)a 35.10 (3.40) 35.71 (3.66)a

 Costa Rica 36.43 (3.62) 37.13 (3.96)a 36.76 (3.70) 37.07 (4.03) 36.71 (3.69) 37.28 (4.16)a

 Ecuador 34.91 (3.67) 35.51 (3.71)a 35.07 (3.64) 35.53 (3.79) 35.15 (3.68) 35.56 (3.76)

 Peru 35.05 (3.30) 35.70 (3.63)a 35.49 (3.34) 35.64 (3.70) 35.36 (3.35) 35.83 (3.80)a

 Venezuela 36.52 (4.19) 36.31 (4.14) 36.22 (3.99) 36.53 (4.30) 36.26 (4.11) 36.60 (4.23)

 All sample 35.39 (4.08) 35.93 (4.06)a 35.54 (4.02) 35.98 (4.11)a 35.63 (4.03) 36.01 (4.13)a
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any intensity [43]. Still, several studies have shown the 
harmful effects of ST on health associated with cardio 
metabolic risk and obesity biomarkers [44, 45]. Given 
the gap in the literature on the acceptable amount of 
ST, studies have commonly used ST quartiles to estab-
lish the range of time where the risk is greatest for 
health or categorizing into low, medium and high ST 
[44–46]. Even without this cut-off point for ST, this 
behavior is seen as an independent factor for the excess 
weight [11, 47].

This study showed that, regardless of the category of 
ST, the excess weight as seen by NC was always higher 
in the groups with the highest number of hours spent 
sitting compared to the group with the lowest amount. 
Therefore, we can say that NC was more sensitive to 

the effects of ST, since WC did not present a significant 
association between the groups. BMI only showed an 
increased excess weight when comparing the > 8 hours 
and < 8 hours’ groups. The hypothesis of this study was 
that ST was associated with excess weight and was sig-
nificant in the three indicators analyzed, as seen in other 
studies that correlated ST or sedentary behavior with the 
main indicators of excess weight [16, 48, 49]. In addi-
tion, due to the moderate to strong correlation between 
these three indicators, it was believed that all three would 
show similar results [50]. However, the results were not 
significant for WC, although BMI and NC demonstrate 
risk related to ST. To justify such findings, we can rely on 
the limitations of WC measurement already mentioned 
in other articles, which does not diminish its importance, 

Table 3 Proportion (%) of excess weight of body mass index, waist and neck circumference according sitting time categories of adults 
by country

a  Chi-square test (p < .05) for comparison between each categories of sitting time (< 4 vs ≥4 hours/day; < 6 vs ≥6 hours/day; < 8 vs ≥8 hours/day) with body mass 
index, waist circumference and neck circumference (eutrophic vs excess weight)

< 4 hours/day ≥4 hours/day < 6 hours/day ≥6 hours/day < 8 hours/day ≥8 hours/day

Body mass index – Excess weight (%)
 Argentina 62.3 61.0 62.6 60.6 61.8 60.7

 Brazil 58.7 60.8 60.4 59.9 61.5 57.9

 Chile 73.3 71.2 73.3 70.6 73.5 68.8

 Colombia 55.8 52.3 53.8 52.8 53.4 52.9

 Costa Rica 62.7 66.9 65.7 65.6 66.7 63.6

 Ecuador 66.0 62.0 64.2 63.1 63.2 65.4

 Peru 62.4 63.8 65.8 62.5 65.6 61.5

 Venezuela 65.5 64.4 65.8 63.8 64.4 65.4

 All sample 62.3 62.2 63.1 61.5 63.2 60.8a

Waist circumference – Excess weight (%)
 Argentina 36.8 34.8 35.3 35.1 34.7 35.7

 Brazil 32.3 32.0 32.3 31.9 33.2 30.4

 Chile 43.0 41.6 41.8 42.0 42.3 41.4

 Colombia 25.7 23.2 23.9 23.9 23.4 24.5

 Costa Rica 38.6 43.0 39.6 43.6 41.8 41.3

 Ecuador 33.0 29.5 31.6 30.1 31.7 29.2

 Peru 36.2 31.4 35.6 30.5 32.9 31.5

 Venezuela 36.9 36.1 37.3 35.5 35.9 37.2

 All sample 34.3 33.4 33.9 33.4 34.0 33.1

Neck circumference – Excess weight (%)
 Argentina 33.0 35.0 34.5 34.8 34.8 34.5

 Brazil 25.0 29.7a 26.0 30.2a 26.9 30.4

 Chile 53.3 52.8 52.2 53.3 53.2 52.5

 Colombia 23.4 27.4 23.8 28.2 24.1 29.1

 Costa Rica 41.2 48.0 45.4 46.3 45.4 46.9

 Ecuador 26.2 29.8 27.3 29.8 26.8 32.4

 Peru 30.5 31.5 30.5 31.7 28.5 34.3a

 Venezuela 41.1 41.3 40.3 42.1 39.5 44.3

 All sample 32.0 35.7a 33.2 35.8a 33.5 36.4a
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much making its use less feasible [51]. The cutoff point 
adopted for this study may have been a possible reason 
for not finding significant differences. In addition, the 
categories of ST used in this study were perhaps not suf-
ficient to show significant differences, demonstrating 
a greater sensitivity of NC to other indicators of excess 
weight.

It is also worth noting the capacity and function that 
each indicator has in the context of excess weight and its 
possible relationships with ST. BMI classifies, through 
height and weight, into underweight, normal weight, 

overweight or excess weight and also indicates obesity. 
However, it does not provide information on the distri-
bution of body fat. WC is an indicator of fat distribution 
but it can be easily affected by postprandial abdominal 
distention, respiratory movement and susceptibility to 
numerous measurement errors [51, 52]. On the other 
hand, NC does not vary throughout the day, as it does not 
change after a meal, and has an easier measurement for 
the evaluator compared to WC, which may explain the 
stronger association with obesity [53–55]. It should also 
be considered that WC cut-off values for excess weight 

Table 4 Logistic regression model between sitting time categories and body mass index, waist and neck circumference of adults in 
overall by country

Logistic regression model with body mass index, waist and neck circumference as dependent variable and sitting time as independent variable adjusted for age, sex, 
marital status, work status, race/ethnicity, socioeconomic level, physical activity, and energy intake

OR Odds ratio, 95%CI Confidence interval 95%

Body mass index 
(0 = normal weight;
1 = excess weight)

Waist circumference 
(0 = normal weight;
1 = excess weight)

Neck circumference 
(0 = normal weight;
1 = excess weight)

OR (95% CI) OR (95% CI) OR (95% CI)

≥4 horas/day
 Argentina 0.94 (0.69, 1,29) 1.09 (0.80, 1.48) 1.09 (0.79, 0.49)

 Brazil 1.09 (0.89. 1.33) 1.01 (0.82, 1.25) 1.26 (1.01, 1.57)
 Chile 0.89 (0.61, 1.32) 1.05 (0.74, 1.49) 0.97 (0.69, 1.37)

 Colombia 0.86 (0.66, 1.13) 1.14 (0.84, 1.53) 1.23 (0.90, 1.67)

 Costa Rica 1.20 (0.86, 1.66) 0.83 (0.60, 1.14) 1.31 (0.95, 1.80)

 Ecuador 0.83 (0.61, 1.13) 1.17 (0.86, 1.60) 1.19 (0.86, 1.65)

 Peru 1.06 (0.75, 1.49) 1.24 (0.82, 1.74) 1.05 (0.73, 1.49)

 Venezuela 0.95 (0.72, 1.25) 1.03 (0.79, 1.35) 1.01 (0.77, 1.31)

 All sample 0.99 (0.89, 1.09) 1.04 (0.94, 1.15) 1.17 (1.06, 1.30)
≥6 horas/day
 Argentina 0.92 (0.71, 1.18) 1.01 (0.77, 1.30) 1.01 (0.78, 1.30)

 Brazil 0.97 (0.81, 1.17) 1.01 (0.83, 1.23) 1.23 (1.01, 1.50)
 Chile 0.87 (0.63, 1.20) 0.99 (0.74, 1.32) 1.04 (0.78, 1.38)

 Colombia 0.95 (0.75, 1.21) 0.99 (0.75, 1.31) 1.25 (0.95, 1.64)

 Costa Rica 0.99 (0.73, 1.35) 0.84 (0.63, 1.14) 1.03 (0.77, 1.38)

 Ecuador 0.95 (0.70, 1.30) 1.07 (0.77, 1.48) 1.13 (0.81, 1.57)

 Peru 0.86 (0.66, 1.14) 1.25 (0.95, 1.66) 1.05 (0.79, 1.40)

 Venezuela 0.91 (0.71, 1.17) 1.08 (0.84, 1.39) 1.08 (0.84, 1.38)

 All sample 0.93 (0.85, 1.02) 1.02 (0.93, 1.12) 1.12 (1.02, 1.23)
≥8 horas/day
 Argentina 1.05 (0.83, 1.32) 0.95 (0.75, 1.21) 0.98 (0.77, 1.25)

 Brazil 1.16 (0.96, 1.40) 1.13 (0.93, 1.39) 1.18 (0.96, 1.45)

 Chile 1.25 (0.92, 1.71) 1.03 (0.78, 1.38) 0.97 (0.73, 1.28)

 Colombia 1.02 (0.81, 1.29) 0.94 (0.71, 1.23) 1.28 (0.99, 1.67)

 Costa Rica 1.14 (0.83, 1.57) 1.01 (0.74, 1.38) 1.06 (0.78, 1.44)

 Ecuador 0.90 (0.64, 1.28) 1.12 (0.78, 1.62) 1.31 (0.91, 1.88)

 Peru 1.19 (0.92, 1.54) 1.07 (0.82, 1.39) 1.31 (1.00, 1.71)
 Venezuela 0.95 (0.73, 1.24) 0.94 (0.72, 1.22) 1.22 (0.94, 1.57)

 All sample 1.10 (1.01, 1.20) 1.04 (0.95, 1.14) 1.13 (1.03, 1.24)
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vary widely across geographic regions of the world [56]. 
Perhaps NC does not show such variation between coun-
tries and regions, proving to be a more universal indica-
tor for obesity in multinational studies.

According to the ST values of this Latin American 
sample, adults spend 4 to 10 hours/day in this behavior. 
A scoping review with data from 62 countries around 
the world showed that the median population ST was 
4.7 hours/day [57]. Even though most of the studies 
selected for the review used the IPAQ to measure ST, the 
authors commented that the population of high-income 
countries tended to report more time sitting when com-
pared to low-income countries, which may explain the 
difference to the ST reported in the present study. Our 
study did not consider the socioeconomic level of the 
country for comparison purposes. Still, in the case of 
Latin America, where countries are from low to middle 
income, ST seemed to be quite high if we consider the 
values presented by the countries in a review [57].

Two countries in our study (Brazil and Peru) showed 
a significant difference between sitting time and excess 
weight. For instance, the mean values of NC were signifi-
cantly higher in ≥4, ≥6 and ≥ 8 hours/day than < 4, < 6, 
and < 8 hours/day of ST in Brazil. Sociodemographic vari-
ances between inhabitants living in the Latin America 
can also help clarify ST and excess weight differences [24, 
26]. Presumably people with higher education and soci-
oeconomic status have more sedentary jobs, are more 
likely to use cars than active transportation as a means 
of transport, and have more electronic entertainment, 
labor-saving devices at home and more obesity rates [10, 
14,]. Cultural aspects may also explain some patterns, 
through behavioral preferences. As in most areas of pub-
lic health, data from several nations recommends that 
policies will be a vital part of combating ST and excess 
weight [4, 36, 42].

The relationship between ST with excess weight has 
consequences for future sedentary surveillance explora-
tion and may inform the development of public health 
strategies and interventions to reduce ST in Latin Amer-
ica. To date, few studies have been performed on the 
association between ST and clinical health outcomes in 
Latin America. Lessons can be learned from Latin Amer-
ica countries as ST may continue to rise as they develop, 
requiring comprehensive strategies for promoting an 
active lifestyle while decreasing time spent in ST among 
populations. Intervention programs should consider 
device-based sedentary time patterns to decrease ST 
among inhabitants from Latin America [13].

The main strength of this study was the large sample 
size from eight Latin American countries using a stand-
ardized methodology across a consortium of partici-
pating countries. On the other hand, some limitations 

should be considered. Only urban areas were included in 
the study; thus, the samples are not nationally represent-
ative. Further, the cross-sectional design precludes deter-
mination of causality. The findings of this study show 
that ST increases the excess weight determined by NC in 
adults in Latin America. Excessive ST also increased the 
excess weight based on BMI, but not by WC. NC meas-
urements were lower in the groups with less time sitting. 
More studies are needed to understand why NC is more 
sensitive to the risks of ST. In addition, there is a need to 
establish cut-points for ST that increase or decrease the 
excess weight.

Conclusion
The present study concluded that categories of longer ST 
were associated with greater odds of excess weight. The 
excess weight caused by ST can be seen when using BMI 
and NC, but not by WC as excess weight indicators. This 
shows that excess weight indicators can respond in differ-
ent ways to risk behaviors. Future studies should be car-
ried out to estimate an acceptable value of ST in excess 
weight prevention.

Acknowledgments
The authors would like to thank the staff and participants from each of the 
participating sites who made substantial contributions to ELANS.

Authors’ contributions
ERV and GF conceived, designed, and helped to write and revise the 
manuscript; IK, MF, GG, AR, LYC, MYG, RGP, and MH‑C were responsible for 
coordinating the study, contributed to the intellectual content, and revise the 
manuscript, ERV, DS, CD, AM, and G.F. interpreted the data, helped to write and 
revise the manuscript. All authors contributed to the study design, critically 
reviewed the manuscript, and approved the final version.

Funding
Fieldwork and data analysis compromised in ELANS protocol was supported 
by a scientific grant from the Coca Cola Company, and by grant and/ or 
support from Instituto Pensi/Hospital Infantil Sabara, International Life Sci‑
ence Institute of Argentina, Universidad de Costa Rica, Pontificia Universidad 
Católica de Chile, Pontificia Universidad Javeriana, Universidad Central de 
Venezuela (CENDES‑UCV)/Fundación Bengoa, Universidad San Francisco de 
Quito, and Instituto de Investigación Nutricional de Peru. The views expressed 
in this publication are those of the authors and not necessarily those of the 
acknowledged institutions. The funding sponsors had no role in study design; 
the collection, analyses, or interpretation of data; writing of the manuscript; or 
in the decision to publish the results.

Availability of data and materials
The datasets generated and/or analyzed during the current study are not 
publicly available due the terms of consent/assent to which the participants 
agreed but are available from the corresponding author on reasonable 
request. Please contact the corresponding author to discuss availability of data 
and materials.

Declarations

Ethics approval and consent to participate
All aspects of the study were in accordance with the Declaration of Helsinki. 
Ethical approval was provided by the Western Institutional Review Board 
(#20140605), and by the ethical review boards of the participating institutions. 
ELANS is registered at Clinical Trials #NCT02226627. Written informed consent 



Page 10 of 11de Victo et al. BMC Public Health          (2023) 23:110 

obtained from all the ≥16 years of age and also from legal guardians/parents 
of participants < 16 years of age, before commencement of the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Disciplina de Alergia, Imunologia Clínica e Reumatologia do Departamento 
de Pediatria da Universidade Federal de São Paulo, São Paulo, Brazil. 2 Carrera 
de Nutrición, Facultad de Ciencias Médicas, Pontificia Universidad Católica 
Argentina, Buenos Aires, Argentina. 3 Centro de Excelência em Nutrição e 
Dificuldades Alimentares (CENDA), Instituto Pensi, Fundação José Luiz Egydio 
Setubal, Hospital Infantil Sabará, São Paulo, Brazil. 4 Departamento de Pediatria 
da Universidade Federal de São Paulo, São Paulo, Brazil. 5 Departamento de 
Bioquímica, Escuela de Medicina, Universidad de Costa Rica, San José, Costa 
Rica. 6 Centro de Nutrición Molecular y Enfermedades Crónicas, Departamento 
de Nutrición, Diabetes y Metabolismo, Escuela de Medicina, Pontificia Uni‑
versidad Católica, Santiago, Chile. 7 Departamento de Nutrición y Bioquímica, 
Pontificia Universidad Javeriana, Bogotá, Colombia. 8 Colégio de Ciencias de la 
Salud, Universidad San Francisco de Quito, Quito, Ecuador. 9 Instituto de Inves‑
tigación Nutricional, La Molina, Lima, Peru. 10 Centro de Estudios del Desarrollo, 
Universidad Central de Venezuela (CENDES‑UCV)/Fundación Bengoa, Caracas, 
Venezuela. 11 Division of Sport, Physical Activity and Health, University of Edu‑
cation Upper Austria, 4020 Linz, Austria. 12 CIPER, Faculty of Human Kinetics, 
University of Lisbon, Lisbon, Portugal. 13 ISAMB, University of Lisbon, Lisbon, 
Portugal. 14 Universidad de Santiago de Chile (USACH), Escuela de Ciencias de 
la Actividad Física, el Deporte y la Salud, Santiago, Chile. 15 Facultad de Ciencias 
de la Salud, Universidad Autónoma de Chile, Av. Pedro de Valdivia 425, Provi‑
dencia, Santiago, Chile. 

Received: 26 May 2022   Accepted: 11 January 2023

References
 1. Collaborators GBDO, Afshin A, Forouzanfar MH, Reitsma MB, Sur P, Estep 

K, et al. Health effects of overweight and obesity in 195 countries over 25 
years. N Engl J Med. 2017;377(1):13–27.

 2. Rezende LFM, Lee DH, Ferrari G, Giovannucci E. Confounding due to 
pre‑existing diseases in epidemiologic studies on sedentary behavior 
and all‑cause mortality: a meta‑epidemiologic study. Ann Epidemiol. 
2020;52:7–14.

 3. World Health Organization [Internet]. Obesity and overweight [Accessed 
2022 March 3]. Available from: https:// www. who. int/ en/ news‑ room/ fact‑ 
sheets/ detail/ obesi ty‑ and‑ overw eight

 4. Kovalskys I, Fisberg M, Gomez G, Pareja RG, Yepez Garcia MC, Cortes 
Sanabria LY, et al. Energy intake and food sources of eight Latin American 
countries: results from the Latin American study of nutrition and health 
(ELANS). Public Health Nutr. 2018;21(14):2535–47.

 5. Kuriyan R. Body composition techniques. Indian J Med Res. 
2018;148(5):648–58.

 6. Okorodudu DO, Jumean MF, Montori VM, Romero‑Corral A, Somers VK, 
Erwin PJ, et al. Diagnostic performance of body mass index to identify 
obesity as defined by body adiposity: a systematic review and meta‑
analysis. Int J Obes. 2010;34(5):791–9.

 7. Qureshi NK, Hossain T, Hassan MI, Akter N, Rahman MM, Sultana MM, 
et al. Neck circumference as a marker of overweight and obesity 
and cutoff values for Bangladeshi adults. Indian J Endocrinol Metab. 
2017;21(6):803–8.

 8. Joshipura K, Munoz‑Torres F, Vergara J, Palacios C, Perez CM. Neck 
circumference may be a better alternative to standard anthropometric 
measures. J Diabetes Res. 2016;2016:6058916.

 9. Preis SR, Massaro JM, Hoffmann U, D’Agostino RB Sr, Levy D, Robins SJ, 
et al. Neck circumference as a novel measure of cardiometabolic risk: the 
Framingham heart study. J Clin Endocrinol Metab. 2010;95(8):3701–10.

 10. Staiano AE, Harrington DM, Barreira TV, Katzmarzyk PT. Sitting time and 
cardiometabolic risk in US adults: associations by sex, race, socioeco‑
nomic status and activity level. Br J Sports Med. 2014;48(3):213–9.

 11. Bullock VE, Griffiths P, Sherar LB, Clemes SA. Sitting time and obe‑
sity in a sample of adults from Europe and the USA. Ann Hum Biol. 
2017;44(3):230–6.

 12. Tremblay MS, Aubert S, Barnes JD, Saunders TJ, Carson V, Latimer‑Cheung 
AE, et al. Sedentary behavior research network (SBRN) ‑ terminology 
consensus project process and outcome. Int J Behav Nutr Phys Act. 
2017;14(1):75.

 13. Ferrari G, Werneck AO, Silva DR, Kovalskys I, Gomez G, Rigotti A, 
et al. Agreement between self‑reported and device‑based seden‑
tary time among eight countries: findings from the ELANS. Prev Sci. 
2021;22(8):1036–47.

 14. de Moraes L, Ferrari G, Kovalskys I, Fisberg M, Gomez G, Rigotti A, et al. 
Original research socio‑demographic patterning of self‑reported physi‑
cal activity and sitting time in Latin American countries: findings from 
ELANS. BMC Public Health. 2019;19(1):1723.

 15. Owen N, Healy GN, Matthews CE, Dunstan DW. Too much sitting: the 
population health science of sedentary behavior. Exerc Sport Sci Rev. 
2010;38(3):105–13.

 16. Paz‑Krumdiek M, Rodriguez‑Velez SG, Mayta‑Tristan P, Bernabe‑Ortiz A. 
Association between sitting time and obesity: a population‑based study 
in Peru. Nutr Diet. 2020;77(2):189–95.

 17. Ferretti RL, Cintra IP, Passos MA, de Moraes Ferrari GL, Fisberg M. Elevated 
neck circumference and associated factors in adolescents. BMC Public 
Health. 2015;15:208.

 18. Fisberg M, Kovalskys I, Gomez G, Rigotti A, Cortes LY, Herrera‑Cuenca M, 
et al. Latin American study of nutrition and health (ELANS): rationale and 
study design. BMC Public Health. 2016;16:93.

 19. Ferrari G, Werneck AO, da Silva DR, Kovalskys I, Gomez G, Rigotti A, et al. Is 
the perceived neighborhood built environment associated with domain‑
specific physical activity in Latin American adults? An eight‑country 
observational study. Int J Behav Nutr Phys Act. 2020;17(1):125.

 20. Cui T, Yan BH, Liu Z, Yang H, Gyan M, Ma YX. Neck circumference: A 
valuable anthropometric measurement to detect metabolic syn‑
drome among different age groups in China. Diabetes Metab Res Rev. 
2018;34(3):e2966. https:// pubmed. ncbi. nlm. nih. gov/ 29144 029/.

 21. Wu X, Li B, Lin WQ, Huang LL, Wang XX, Fu LY, et al. The association 
between obesity indices and hypertension: which index is the most 
notable indicator of hypertension in different age groups stratified by 
sex? Clin Exp Hypertens. 2019;41(4):373–80.

 22. Farhangiyan Z, Latifi SM, Rashidi H, Shahbazian H. The most appropriate 
cut‑off point of anthropometric indices in predicting the incidence of 
metabolic syndrome and its components. Diabetes Metab Syndrome. 
2019;13(4):2739–45.

 23. Roman‑Viñas B, Serra‑Majem L, Hagströmer M, Ribas‑Barba L, Sjöström M, 
Segura‑Cardona R. International physical activity questionnaire: reliability 
and validity in a Spanish population. Eur J Sport Sci. 2010;10(5):297–304.

 24. Bauman A, Ainsworth BE, Sallis JF, Hagstromer M, Craig CL, Bull FC, et al. 
The descriptive epidemiology of sitting. A 20‑country comparison using 
the international physical activity questionnaire (IPAQ). Am J Prev Med. 
2011;41(2):228–35.

 25. Aguilar‑Farias N, Leppe ZJ. Is a single question of the global physical 
activity questionnaire (GPAQ) valid for measuring sedentary behaviour in 
the Chilean population? J Sports Sci. 2017;35(16):1652–7.

 26. Ferrari GLM, Kovalskys I, Fisberg M, Gomez G, Rigotti A, Sanabria LYC, et al. 
Comparison of self‑report versus accelerometer ‑ measured physical 
activity and sedentary behaviors and their association with body compo‑
sition in Latin American countries. PLoS One. 2020;15(4):e0232420.

 27. Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, 
et al. International physical activity questionnaire: 12‑country reliability 
and validity. Med Sci Sports Exerc. 2003;35(8):1381–95.

 28. Stamatakis E, Gale J, Bauman A, Ekelund U, Hamer M, Ding D. Sitting 
time, physical activity, and risk of mortality in adults. J Am Coll Cardiol. 
2019;73(16):2062–72.

 29. Ekelund U, Tarp J, Steene‑Johannessen J, Hansen BH, Jefferis B, Fagerland 
MW, et al. Dose‑response associations between accelerometry measured 
physical activity and sedentary time and all cause mortality: systematic 
review and harmonised meta‑analysis. BMJ. 2019;366:l4570.

https://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight
https://pubmed.ncbi.nlm.nih.gov/29144029/


Page 11 of 11de Victo et al. BMC Public Health          (2023) 23:110  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 30. Young DR, Hivert MF, Alhassan S, Camhi SM, Ferguson JF, Katzmarzyk PT, 
et al. Sedentary behavior and cardiovascular morbidity and mortality: 
a science advisory from the American Heart Association. Circulation. 
2016;134(13):e262–79.

 31. Lohman TG, Roche AF, Martorell R. Anthropometric standardization refer‑
ence manual, vol. vi. Champaign: Human Kinetics Books; 1988. p. 177.

 32. WHO expert committee on physical status: the use and interpretation of 
anthropometry. Physical status : the use and interpretation of anthro‑
pometry : report of a WHO expert committee, vol. x. Geneva: World 
Health Organization; 1995. p. 452.

 33. WHO. Obesity: preventing and managing the global epidemic, vol. 894: 
WHO Technical Report Series; 1998.

 34. Clinical Guidelines on the Identification, Evaluation, and Treatment of 
Overweight and Obesity in Adults ‑The Evidence Report. National Insti‑
tutes of Health. Obes Res. 1998;6 Suppl 2:51S–209S. https:// pubmed. ncbi. 
nlm. nih. gov/ 98136 53/.

 35. Cornier MA, Despres JP, Davis N, Grossniklaus DA, Klein S, Lamarche B, 
et al. Assessing adiposity: a scientific statement from the American Heart 
Association. Circulation. 2011;124(18):1996–2019.

 36. Onat A, Hergenc G, Yuksel H, Can G, Ayhan E, Kaya Z, et al. Neck circum‑
ference as a measure of central obesity: associations with metabolic 
syndrome and obstructive sleep apnea syndrome beyond waist circum‑
ference. Clin Nutr. 2009;28(1):46–51.

 37. Ferrari G, Werneck AO, Silva DR, Kovalskys I, Gómez G, Rigotti A, 
et al. Perceived urban environment attributes and device‑measured 
physical activity in Latin America: an 8‑nation study. Am J Prev Med. 
2022;62(4):635–45.

 38. Habinger JG, Chávez JL, Matsudo SM, Kovalskys I. Active Transportation 
and Obesity Indicators in Adults from Latin America: ELANS Multi‑Coun‑
try Study. Int J Environ Res Public Health. 2020;17:19.

 39. Bull FC, Al‑Ansari SS, Biddle S, Borodulin K, Buman MP. World Health 
Organization 2020 guidelines on physical activity and sedentary behav‑
iour. Br J Sports Med. 2020;54(24):1451–62.

 40. Blanton CA, Moshfegh AJ, Baer DJ, Kretsch MJ. The USDA automated 
multiple‑pass method accurately estimates group total energy and nutri‑
ent intake. J Nutr. 2006;136(10):2594–9.

 41. Harnack L. Nutrition data system for research (NDSR). In: Gellman MD, 
Turner JR, editors. Encyclopedia of behavioral medicine. New York: 
Springer New York; 2013. p. 1348–50.

 42. Kovalskys I, Fisberg M, Previdelli AN, Pereira JL, Zimberg IZ, Guajardo V, 
et al. Breakfast in Latin America: evaluation of nutrient and food group 
intake toward a nutrient‑based recommendation. J Acad Nutr Diet. 
2022;122(6):1099–113.e3.

 43. WHO. WHO guidelines on physical activity and sedentary behaviour. 
Geneva: World Health Organization; 2020.

 44. Thorp AA, Healy GN, Owen N, Salmon J, Ball K, Shaw JE, et al. Deleterious 
associations of sitting time and television viewing time with cardiometa‑
bolic risk biomarkers: Australian diabetes, obesity and lifestyle (AusDiab) 
study 2004‑2005. Diabetes Care. 2010;33(2):327–34.

 45. de Heer HD, Wilkinson AV, Strong LL, Bondy ML, Koehly LM. Sitting time 
and health outcomes among Mexican origin adults: obesity as a media‑
tor. BMC Public Health. 2012;12:896.

 46. Proper KI, Cerin E, Brown WJ, Owen N. Sitting time and socio‑economic 
differences in overweight and obesity. Int J Obes. 2007;31(1):169–76.

 47. Bauman A, Allman‑Farinelli M, Huxley R, James WP. Leisure‑time physical 
activity alone may not be a sufficient public health approach to prevent 
obesity‑‑a focus on China. Obes Rev. 2008;9(Suppl 1):119–26.

 48. Yuan F, Gong W, Ding C, Li H, Feng G, Ma Y, et al. Association of Physical 
Activity and Sitting Time with overweight/obesity in Chinese occupa‑
tional populations. Obes Facts. 2021;14(1):141–7.

 49. Bonn SE, Rimm EB, Matthews CE, Troiano RP, Bowles HR, Rood J, et al. 
Associations of sedentary time with energy expenditure and anthropo‑
metric measures. Med Sci Sports Exerc. 2018;50(12):2575–83.

 50. Liria‑Dominguez R, Perez‑Albela M, Vasquez MP, Gomez G, Kovalskys I, Fis‑
berg M, et al. Correlation between neck circumference and other anthro‑
pometric measurements in eight Latin American countries. Results from 
ELANS study. Int J Environ Res Public Health. 2021;18(22):11975. https:// 
pubmed. ncbi. nlm. nih. gov/ 34831 736/.

 51. Saeidifard F, Medina‑Inojosa JR, Supervia M, Olson TP, Somers VK, Prokop 
LJ, et al. The effect of replacing sitting with standing on cardiovascular 

risk factors: a systematic review and Meta‑analysis. Mayo Clinic Proc Innov 
Qual Outcomes. 2020;4(6):611–26.

 52. Arias Tellez MJ, Acosta FM, Sanchez‑Delgado G, Martinez‑Tellez B, Munoz‑
Hernandez V, Martinez‑Avila WD, et al. Association of Neck Circumference 
with anthropometric indicators and body composition measured by DXA 
in Young Spanish adults. Nutrients. 2020;12(2):514.

 53. Kroll C, Mastroeni S, Czarnobay SA, Ekwaru JP, Veugelers PJ, Mastroeni 
MF. The accuracy of neck circumference for assessing overweight 
and obesity: a systematic review and meta‑analysis. Ann Hum Biol. 
2017;44(8):667–77.

 54. Kurtoglu S, Hatipoglu N, Mazicioglu MM, Kondolot M. Neck circumfer‑
ence as a novel parameter to determine metabolic risk factors in obese 
children. Eur J Clin Investig. 2012;42(6):623–30.

 55. Ben‑Noun L, Sohar E, Laor A. Neck circumference as a simple screen‑
ing measure for identifying overweight and obese patients. Obes Res. 
2001;9(8):470–7.

 56. Hingorjo MR, Qureshi MA, Mehdi A. Neck circumference as a useful 
marker of obesity: a comparison with body mass index and waist circum‑
ference. J Pak Med Assoc. 2012;62(1):36–40.

 57. McLaughlin M, Atkin AJ, Starr L, Hall A, Wolfenden L, Sutherland R, et al. 
Worldwide surveillance of self‑reported sitting time: a scoping review. Int 
J Behav Nutr Phys Act. 2020;17(1):111.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://pubmed.ncbi.nlm.nih.gov/9813653/
https://pubmed.ncbi.nlm.nih.gov/9813653/
https://pubmed.ncbi.nlm.nih.gov/34831736/
https://pubmed.ncbi.nlm.nih.gov/34831736/

	Are the different cut-off points for sitting time associated with excess weight in adults? A population based study in Latin America
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Background
	Methods
	Study design and sample
	Sitting time
	Excess weight
	Correlates
	Statistical analyses

	Results
	Discussion
	Conclusion
	Acknowledgments
	References


