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Abstract

Introduction: sedentary behavior (SB) has been independently associated with detrimental health outcomes in different regions worldwide.
The aim of this systematic review was to examine whether domain-specific SB is associated with cardiometabolic diseases (CMD) and related
biomarkers in South American adults.

Methods: nine electronic databases were searched to identify all studies that analyzed the association between SB and CMD —e.g. obesity,
diabetes, hypertension, metabolic syndrome (MetS) and clustering of chronic diseases (CCD) — and related biomarkers in South American adults.
Two independent reviewers performed the necessary Abstract/full-text screening, data abstraction, and quality assessments. The review protocol
was registered in the PROSPERO database (CRD42018099319).

Results: from the 1,262 articles identified in the search 262 were reviewed in full and 20 were used in the analysis in accordance to the inclusion
criteria. High SB (mainly sitting and TV time) was associated with an increased likelihood of obesity (n = 8), diabetes (n = 6), and CCD (n = 3), as well
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E;;'e“#:hsion as high values of BMI (n = 8), WC (n = 7), % BF (n = 4), plasma lipids (n = 4), and glycemia (n = 5). Eleven out of 20 studies were of higher quality.
Body mass index. Conclusion: long time spent in SB, mainly sitting and TV time, was positively associated with the occurrence of CMD and related biomarkers
Metabolic syndrome. in South American adults.
Resumen
Introduccion: el comportamiento sedentario (CS) se ha asociado de forma independiente con resultados perjudiciales para la salud en diferentes
regiones del mundo. El objetivo de esta revision sistematica fue examinar si el CS especifico de cada dominio se asocia 0 no a enfermedades
cardiometabdlicas (ECM) y sus biomarcadores relacionados en adultos sudamericanos.
Métodos: se realizaron blsquedas en nueve bases de datos electrénicas para identificar todos los estudios que habian analizado la asociacion
entre CS y ECM —por ejemplo, obesidad, diabetes, hipertension, sindrome metabdlico y agrupacion de enfermedades cronicas (AEC)— y sus
biomarcadores relacionados en adultos sudamericanos. Dos revisores independientes realizaron evaluaciones de 1os restimenes/textos completos,
el resumen de los datos y evaluaciones de calidad. El protocolo de revision esté registrado en la base de datos PROSPERO (CRD42018099319).
Palabras clave: Resultados: de los 1262 articulos identificados en la busqueda, 262 se revisaron en su totalidad y 20 se utilizaron en el analisis de acuerdo con
) los criterios de inclusion. El gran CS (principalmente, tiempo sentado y de television) se asocio a una mayor probabilidad de obesidad (n = 8),
Obesidad. diabetes (n = 6) y AEC (n = 3), asf como a valores altos de IMC (n = 8), WC (n = 7), % BF (n = 4), lipidos plasméticos (n = 4) y glucemia (n = 5).
Diabetes melitus. Once de los 20 estudios fueron de alta calidad.
Hipertension. Indice | ) y »
de masa corporal. Conclusion: la gran cantidad de tiempo invertido en el CS, principalmente el tiempo sentado y de television, se asocid positivamente con la
Sindrome metabélico. aparicion de ECM y sus biomarcadores relacionados en adultos de América del Sur.
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INTRODUCTION

South America is comprised of nations and territories containing
different environments and many complex and heterogeneous eth-
nicities, societies, and cultures in a population estimated at over
430 million. In South America upper-middle-income economies are
predominant, and major demographic shifts like population growth,
urbanization, technological advancements, and ageing are in cour-
se (1). Thus, behavior and environment factors, such as smoking,
unhealthy diets (.., high energy-rich foods and low fruit and vege-
tables consumption), and physical inactivity are relevant modifiable
risk factor for cardiometabolic diseases (CMD) (2-6).

Concerning physical inactivity, sedentarism is known to bring
about serious health consequences and associations with all-cause
mortality and other outcomes worldwide (2,7-10). Despite the fact
that one in four adults worldwide does not meet the World Health
Organization recommendations on physical activity to benefit from
a reduced risk of common chronic diseases (11), failing to achieve
the public health goals on physical activity is not the same as being
sedentary. In this sense, sedentary behavior (SB) refers to activities
that do not require significant energy expenditure —i.e., 1.5 METs
or lower (12) — and is usually expressed as sitting time (ST) (13)
such as in television (TV) viewing, computer use, transport, driving,
reading or playing video games whilst in a sitting or reclining posture
(14), in different everyday life domains (.e., home, workplace, com-
muting, leisure time) (13,15). Sedentary behavior has been indepen-
dently associated with detrimental health outcomes, including CMD,
in adults from different regions worldwide (16-19). Moreover, SB
presents high values in populations of different ethnic background
worldwide (20) —among adults, the proportion of individuals spen-
ding 4 or more hours a day in a sitting position varies from 23.8 %
in Southeast Asia, 37.8 % in Africa, 39.8 % in the western Pacific,
41.4 % in the eastern Mediterranean, and 55.2 % in the Americas
to 64.1 % in Europe (21).

In South America’s adult population physical inactivity reaches
levels of over 40 % (21), and SB has been assessed as almost 6 h/
day (22). In addition, the prevalence of CMD and its risk factors in
South America is high (4,6,23,24). Nevertheless, the association
between SB and CMD and its risk factors in South Americans is not
well known. Identifying the association of SB in different domains
with CMD is not only important for public health interventions, but
also for occupational health, urban planning, and transport-related
initiatives. Therefore, the aim of this study was to systematically re-
view the literature to examine whether domain-specific SB is asso-
ciated with CMD and related biomarkers in South American adults.

METHODS

SEARCH STRATEGY

Abroad and specialized search was performed. Studies reporting
on the possible association between SB and/or domain-specific SB
—e.g., ST, TV viewing time or frequency and overall SB (sedentary
activity, screen time, computer time, reading time, passive trans-
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port, and sedentary work) —with CMD diseases (primary outcomes)
and or related biomarkers (secondary outcomes) in South American
adults were examined. The reporting guidelines of the Preferred
Reporting ltems for Systematic Reviews and Meta-Analyses (PRIS-
MA) statement were followed, and the criteria outlined in A Mea-
surement Tool to Assess Systematic Reviews (AMSTAR) checklist
(25,26) were observed. The methodology of this systematic review
was prospectively registered with PROSPERO (CRD42018099319;
http://www.crd.york.ac.uk/PROSPERQ) under the title “Is sedentary
behavior associated with risk for cardiometabolic diseases in South
American adults? A systematic review”.

This review examined studies completed from January 2010 to
December 2018, written in English, Spanish or Portuguese or with
translations into these languages. Relevant studies were identi-
fied using the following electronic databases: Medline (Medical
Literature Analysis and Retrieval System Online /PubMed); Em-
base (Elsevier); Cochrane Central (The Cochrane Central Register
of Controlled Trials The Cochrane Library); Lilacs (Scientific and
technical literature of Latin America and Caribe); Science Direct;
Bireme (Latin American and Caribe center of information in health
science); Scielo.org; Scopus (Elsevier); and SPORTDiscus.

The exposure descriptors used were: a) “sedentary behavior or
time or lifestyle”; b) “sitting or reclining or leisure time”; and c) “te-
levision or TV view or watch or time”. The outcome descriptors used
were: a) “cardiometabolic or metabolic health or markers or risk
or disease or syndrome”; and b) “cardiovascular or CVD markers or
risk or disease or syndrome”. The population descriptors used were:
a) “South America or South American countries and territories”.
Appropriate combinations of these descriptors were used to en-
sure quality, transparency and maximum sensitivity during article
retrieval. The search strategies adapted to the indexing systems are
available from the authors upon request.

STUDY SELECTION

This review included studies that addressed the amount of time
spentin SB or domains of SB as risk factors for CMD, either self-re-
ported or objectively measured, reported on a continuous scale
(e.g., minutes/day) or divided into categories (€.g., > 3 h of TV time
vs. < 3 h), and time spent in specific domains of SB (i.e., ST, TV
time or frequency and overall SB). The presence of CMD such as
obesity, diabetes, hypertension, metabolic syndrome (MetS), and
a clustering of chronic diseases (CCD - Heart attack, heart failure,
angina, hypertension, DM, or arthritis) were the primary outcomes
of interest in this review. Related biomarkers like total cholesterol
(TC), high density lipoprotein (HDL) and low density lipoprotein (LDL)
cholesterol, triglycerides (TG), blood glucose and insulin, glycated
hemoglobin (HbA1c), insulin resistance (HOMA-IR), hypercholes-
terolemia, dyslipidemia and anthropomorphic measures such as
body mass index (BMI), waist circumference (WC) and percentage
of body fat (% BF) were the secondary outcomes of interest. Articles
excluded were those on non-South American populations and/or
non-adult populations (mean age < 18 years), those that did not
report exposure to SB or the association between SB and health
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outcomes, those that were duplicated, impossible to locate or ob-
tain, and reviews or meta-analyses.

The screening of titles and abstracts for all studies was indepen-
dently performed by two authors (KAM and AJN) in order to identify
potential relevant articles. Likewise, these two authors (KAM and
AJN) performed full-text screenings, and with mutual consensus
confirmed that studies met the study’s inclusion and exclusion
criteria. The authors resolved discrepancies after discussion.

DATA EXTRACTION AND ANALYSIS

Data and informations of interest were extracted by KAM or
AJN. The main information obtained was on study characteristics,
population characteristics, country of study, sample size analyzed,
SB exposure and methods, outcome measurement, and measu-
re of effect or correlation. Study quality was assessed using an
adapted 20-item checklist (originally 27 items) of the Downs and
Black checklist (27). Good quality was determined by using the
overall numeric score of quality out of 20 possible points. Studies
showing 16/20 median split or higher were considered of high
quality. KAM independently assessed quality using the checklist,
and AJN reviewed all scores. Disagreements were resolved upon
consensus or were refereed by a third researcher.

The study-specific ORs for obesity or diabetes were combined as
a generic inverse variance to estimate the pooled OR with 95 % Cl by
using the inverse variance statistical method with a random effects
model. The pooled OR was calculated from a natural logarithm of OR
[In(OR)] and the standard error of In(OR) was obtained for the 95 % Cl.
Atwo-sided p-value lower than 0.05 was considered significant for all
analyses. Studies were not included in the meta-analysis if the sum-
mary statistics of OR and 95 % Cl were not available (31), or when
the subjects evaluated were not sedentary (29). This meta-analysis
was conducted using the RevMan 5.3 (The Nordic Cochrane Centre,
The Cochrane Collaboration, Copenhagen, 2012), a free download at
http://tech.cochrane.org/revman/download.

RESULTS

The search identified 1,262 articles, and the screening of their
primary titles and abstracts generated 262 articles. Then these
26?2 articles were reviewed in full and 20 articles met the inclu-
sion and exclusion criteria. Figure 1 shows the flow diagram and
the reasons for exclusion. In all, 55 % of the analyzed studies
were considered to be high-quality. Five out of 20 studies scored
17 points; six scored 16 points, eight scored 15 points, and one
scored 14 points.
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Figure 1.

Flow diagram for literature search, January 2010 — December 2018. (SB: sedentary behaviour. Source: prepared by the

authors from the study results).
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In this review eleven out of the 20 analyzed studies were carried
out on Brazilian, seven on Chilean, one on Colombian, and one on
Peruvian adults, and were published prior to and including Decem-
ber 2018, specifically from 2010 to 2018. We observed that most
studies were published from 2017 on (n = 11). The selected studies
analyzed adults (mean age: 30 to 70 years) from urban (n = 20/20)
and rural (n = 8/20) areas.

The qualitative analysis revealed that 13 out of 20 studies reported
on CMD (obesity, diabetes, hypertension, CCD, and MetS) (Table ),
and 16 studies reported results related to CMD biomarkers. Ove-
rall, the results were consistent in showing that an increase in time
spent in SB was associated with an increase in obesity (n = 8/8),
diabetes (n = 6/7), CCD (3/4), hypertension (n = 3/4), and MetS
(n = 2/2). Along with these diseases, SB was associated with high
values of the following related biomarkers (Table Il): BMI (n = 8/9),
waist circumference (n = 7/7), % BF (4/4), HOMA-IR (n = 4/4), glu-
cose (n = 5/6), insulin (n = 4/4), and TG (n = 4/6), and low levels of
HDL-c (n = 4/6). Dyslipidemia (1/1) and hypercholesterolemia (1/1)
were also positively associated with SB. Despite that, TC (n = 3/6),
and LDL-c (n = 3/5) were associated with SB in only three out of
six and five studies, respectively. Regarding HbA1c (1/2), this gly-
cemic control biomarker was associated with SB in only one study.

CARDIOMETABOLIC DISEASES
(PRIMARY OUTCOMES)

The association between SB and CMD as primary outcome
was observed in different studies (Table I). For example, high SB
(> 4 h/day) was associated with central obesity in Chilean
adults (28); and those categorized as either low SB (i.e., ST of
1.56 + 0.7 h/day) or high SB (i.e., ST of 5.31 + 2.2 h/day)
and physically active were less likely to have obesity or cen-
tral obesity when compared to those in the high SB (i.e., ST of
6.14 = 2.6 h/day) and inactive category (29). In addition, Chilean
men exhibiting a higher ST were more likely obese (30). A ST of
over 8 h/day during the week discriminated the presence of abdo-
minal obesity, but not of obesity in Brazilian women (31); and obe-
sity was associated with SB in Brazilian adults (32). Furthermore, a
higher TV time was associated with greater abdominal obesity (33)
and obesity (34) in Brazilian and Peruvian (35) women. The pooled
odds ratio for obesity in association with sedentary behavior —1.30
(1.14-1.49) —is presented in figure 2.

Regarding DM, an overall sedentary time and TV time > 3 h/
day (36) or > 4 h/day (37) was positively associated with DM in
Brazilian adults. Likewise, ST (> 4 h/day) was positively associated
with DM in Chilean adults (2,28). Furthermore, Chilean adults
categorized as with either low or high SB and physically active
were less likely to have DM, as compared to those in the high SB
and inactive category (29). Finally, a ST of more than 5.5 h/day
was positively associated with a high likelihood of having DM in
Brazilian older adults (38). However, in Brazilian workers a high
SB time (i.e., TV viewing, passive transport, sedentary work, and
sedentary lifestyle) was not associated with DM (32).

K. A. Marin et al.

The pooled odds ratio for diabetes in association with sedentary
behavior —1.16 (1.07-1.25 —is presented in figure 3.

Concerning CCD, Brazilian men who used a passive form of
transport to go to work, and had a sedentary job and sedentary
lifestyle were more likely to have > 2 CDs, whereas women who
reported > 3 hours/day of TV time were more likely to have one CD
versus no CD (32). TV time > 4 h/day was positively associated
with the presence of heart disease (i.e., heart failure, heart at-
tack, and angina) among Brazilian adults (37). Moreover, Brazilian
adults who spent > 4 h/day sitting had a higher risk for the pre-
sence of > 2 CDs (39). Nevertheless, Brazilian adults diagnosed
with > 2 CDs exhibited a similar amount of daily ST (~ 4 h) as
compared to those diagnosed with zero or one CD (40).

As regards hypertension, it was positively associated with high
TV time (> 4 h/day) in Brazilian (32) but not in Chilean adults (28).
Moreover, Chilean and Brazilian adults categorized in the high ove-
rall SB or high SB at work groups, respectively, had a high occu-
rrence of hypertension (29,32).

With reference to MetS, Chilean adults in the low or high SB
and physically active group were less likely to have MetS when
compared to those in the high SB time and inactive category (29).
In addition, high ST (> 4 h/day) was positively associated with
MetS among Chilean adults (28).

RELATED BIOMARKERS
(SECONDARY OUTCOMES)

The association between SB and CMD-related biomarkers was
also reported in the reviewed studies (Table Il). Regarding BMI, its
positive association with SB was found in Chilean adults (29,41-
43) and in Colombian men (44). Such association was also repor-
ted in Chilean men only (2), whereas a positive association of TV
frequency with BMI was observed in Brazilian (34) and in Peruvian
women only (35). However, SB (> 4 h/day) was negatively asso-
ciated with BMI in Chilean women, but positively in Chilean men
(28). In addition, ST (> 4 h/day) was not associated with BMI in
Brazilian adults (45). Concerning % BF, it was positively associated
with sedentary behavior and ST in Chilean adults (41-43) and in
Colombian men (44).

With regard to WC, its positive association with SB was reported
in Brazilian (33) and Chilean (2) women. Chilean adults catego-
rized as ‘high SB-active’ or ‘low SB-active’ showed significant
negative associations with WC when compared to those in the
‘high SB-inactive’ category (29). Moreover, in Chilean adults a
high ST was positively associated with WC (41). Furthermore,
per one-hour decrease in sedentary time, there was a significant
decrease in WC among Chilean adults (42). SB was also positively
associated with WC in Colombian men (44), whereas SB, but not
ST, was positively associated with WC in Chilean adults (43).

With respect to blood glucose, a positive association between
ST and fasting glycemia was found in Chilean adults (29,41-43),
whereas such association was not observed by others among
Chilean adults (2) and in Colombian men (44).
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Odds Ratio

Odds Ratio
IV, Random, 95% CIl
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Figure 2.

Pooled odds ratios for obesity in association with sedentary behavior. (Cl: confidence interval; SE: standard error. Source: prepared by the authors from the study results).
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Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Diaz-Martinez et al. (20173 - Men 01 003 242% 1.1 [1.04,1.17] -
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Figure 3.

Pooled odds ratios for diabetes in association with sedentary behavior. (CI: confidence interval; SE: standard error. Source: prepared by the authors from the study results).

A positive association of ST with fasting insulinemia was ob-
served in Chilean adults (41-43) and in Colombian men (44).
Furthermore, SB was positively associated with HOMA-IR in
Chilean adults (41-43) and in Colombian men (44). Regarding
HbA1c, Chilean ‘high SB-active’ adults showed lower values
of HbA1c when compared to those in the ‘low SB-active’ category
(29). However, no association of SB with HbA1c was reported for
Chilean adults (2).

Chilean adults exhibited a positive association of ST with
serum lipids (41-43). Likewise, ST was positively associated
with serum TG and HDL-c levels among Colombian men (44).
Notwithstanding this, ST during the week or weekend did not dis-
criminate any serum lipid abnormalities in Brazilian women (31).
Moreover, Chilean adults in the ‘high SB-active’ or ‘low SB-acti-
ve’ groups showed no significant associations with an abnormal
serum lipid profile (29). Furthermore, Suérez et al. (44) observed
that ST was not associated with serum TC and LDL-c levels in
Colombian men. Regarding hypercholesterolemia, Garcia et al.
(32) found that in Brazilian workers SB at work was positively

[Nutr Hosp 2020;37(2):359-373]

associated with hypercholesterolemia. In addition, a higher adjus-
ted prevalence ratio of dyslipidemia was reported among Brazilian
women with a more prolonged ST (46).

SUBGROUP ANALYSES

Subgroup analyses for sex and domain-specific sedentary be-

havior were performed. Between-sex differences were found in
some studies. For instance, obesity (30) and BMI (2) were found
to be positively associated with ST in Chilean men only, whereas
it was negative in women (28). Waist circumference was found to
be positively associated with SB in Chilean women only (2). Among
Brazilians, BMI and obesity were positively associated with SB in
women only (34). Moreover, SB at work was positively associa-
ted with chronic diseases (e.g., obesity, hypertension, CCD, and
hypercholesterolemia) especially in men as compared to women
(32). Finally, a higher adjusted prevalence ratio of dyslipidemia was
reported for Brazilian women but was not reported for men (46).
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The investigation of the association of domain-specific SB
with CMD and related biomarkers found that 12 studies reported
on ST (2,28-31,38-41,44-46) and four on TV time or TV watching
frequency (33-35,37). The remaining four studies looked at ge-
neral measures of SB (32,36,42,43). The results demonstrate
equivalent trends for each SB domain.

DISCUSSION

In this review we thought to systematically review the literature
to examine whether domain-specific SB is associated with CMD
and its risk factors in South American adults. This is the first re-
view to explore the association of SB with CMD and its risk factors
in South American adults. This study summarized the published
evidence over the review period (i.e., January 2010 to December
2018), and observed that longer SB (i.e., sitting, TV watching,
overall SB time) was associated with CMD (i.e., obesity, DM, and
CCD) as well as with its anthropometric (i.e., BMI, WC, and % BF)
and metabolic biomarkers (i.e., lipid profile and glucose). Never-
theless, evidence is limited when studies reported the relationship
between SB and CMD (i.e., hypertension and MetS) as well as its
biomarkers (i.e., HOMA-IR, BI, dyslipidemia, and hypercholeste-
rolemia). It has to be taken into consideration that reports on the
associations of SB with hypertension, MetS, HOMA-IR, insulin,
dyslipidemia, and hypercholesterolemia are scarce.

Our results complement the previous evidence from syste-
matic reviews (17,18,47) and meta-analyses (16,19,48), which
demonstrate that high SB is associated with CMD and risk factors
in different regions of the world. Based on the studies reviewed
here, South American adults are likely at larger risk for developing
obesity, diabetes, and CCD when incurring in prolonged SB time.
Such findings are consistent with those reported about different
populations (18,19,48). A significant association of longer time
spent in SB was found with obesity (8 studies), DM (6 but 1 study),
and CCD (4 studies) in the 20 studies reviewed. For instance,
South American (i.e., Chilean) adult men in the highest tercile of
ST had a 97 % higher risk for obesity (30). In addition, Lemes et
al. (36) reported a 60 % higher risk for diabetes in South American
(i.e., Chilean) adults who spent > 3 h/day in sedentary activities,
whereas those South American (i.e., Brazilian) men and women
who reported a daily ST of 4 h had a 76 % and 82 % higher risk
of presenting > 2 CCDs, respectively (39). However, the magni-
tude of the risk of developing DM with longer sedentary time is
approximately twice as high as in the general population and, in
general, longer sedentary time is associated with a 14 % greater
risk of cardiovascular disease (19). A significant relationship be-
tween increased SB and higher BMI (8 but 1 studies), WC (7 stu-
dies), and % BF (4 studies) was also reported in the reviewed
studies. These results are similar to those previously reported in
different populations (49,50) and, more importantly, are consistent
with the association of longer time spent in SB with obesity as
observed in the present review.

Concerning sex differences, only seven studies reported distinct
associations of SB with CMD and its biomarkers. Based on those
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studies, it appears that South American men are at higher risk for
obesity and high BMI when spending a lot of time in SB, as compa-
red to women. Such finding is contradictory to the report that wo-
men are more inactive (33.9 %) than are men (27.9 %) worldwide
(21). Regarding domain-specific SB in South American adults, most
studies associated a higher risk for CMD with longer periods of ST
(13 studies), which was followed by the extent of TV (6 studies) and
SB (4 studies) times. Whether there are distinct health damages for
the different specific domains rather than length of exposure is not
known, and thus demands further investigation.

Overall, this systematic review presented a positive association
between SB and CMD in South American adults. Whether these
risks are truly greater in this population group further studies are
needed to elucidate, inasmuch as the insufficiency of available
direct evidence on this sub-population limits the ability to ascer-
tain such findings. Despite this, the findings presented here are of
relevance for South American governments, since they reinforce
the need for public policies to face the deleterious consequences
of a sedentary lifestyle.

STUDY LIMITATIONS

This review has some limitations. First, there is a lack of studies
examining the relationship of SB with CMD and related biomarkers
in South American adults, which make it difficult to generalize
our findings. Eleven out of 20 analyzed studies were carried out
in Brazilian, seven in Chilean, one in Colombian and one in Pe-
ruvian adult men and women. Although the population of these
four countries accounts for 73 % (~ 316 million people) of the
South American population, no data on adults from the other South
American countries were found. Moreover, the selective reporting
of positive outcomes in individual studies could potentially reduce
the generalizability of our findings. Secondly, the predominant use
of self-reported data in individual studies is another limitation, since
self-reported data are highly susceptible to biases that might have
affected the magnitudes of our results. Only three studies in the
present review reported on the use of objective measures (acce-
lerometers) of SB time in Chileans (Leiva et al., 2017; Salas et al.,
2016; Celes-Morales et al., 2012), but did not assess the associa-
tion of SB with CMD as their primary outcome. Finally, despite the
quality of the selected studies, all 20 studies were cross-sectional
in design, and as such they may include selection and reverse
causality biases, as well as residual confounders. Therefore, since
there is no temporality described between the sedentary behavior
and the outcomes, interpretations should be cautious.

CONCLUSIONS

In conclusion, spending a long time in an overall SB, mainly in
a sitting position or watching TV, was positively associated with
the occurrence of CMD (i.e., obesity, diabetes, and > 2 CCDs) and
related biomarker (i.e., BMI, WC, % BF, lipid profile, and blood
glucose) elevations in South American adult men and women.
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