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Abstract

Objective: the aim of this analysis was to measure the
association between daily sitting time and prevalent me-
tabolic syndrome, independently of the physical activity
performed.

Subjects and methods: the Aragon Workers’ Health
Study cohort consists of 5865 participants from which a
sample of 1415 male participants (40-55 years old) with
completed data at baseline was selected. Sitting time and
physical activity were assessed by validated questionnai-
res, and the socio-demographic, clinical and biochemical
covariates needed to diagnose metabolic syndrome were
collected as part of the study protocols. Metabolic syn-
drome was defined according to the modified National
Cholesterol Education Program - Adult Treatment Panel
II1. Multiple linear and logistic regression models were
carried out to quantify this association using sitting time
categorized into tertiles.

Results: mean sitting time was 5.78 + 1.72 h/day, and the
prevalence of metabolic syndrome was 19.2%. Compar-
ing participants in the highest (>6.57 h/day) versus lowest
(1.85-4.57 h/day) tertile of sitting time, a positive asso-
ciation was observed for metabolic syndrome (OR 1.77,
95%CI: 1.25-2.49) and triglyceride (OR 1.70, 95%CI:
1.30-2.24), HDL-cholesterol (OR 1.65, 95% CI: 1.06-2.58),
waist circumference (OR 1.57, 95%CI: 1.17-2.11) and
fasting blood glucose (OR 1.35, 95%CI: 1.03-1.77) crite-
ria, adjusting the level of physical activity.
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ASOCIACION ENTRE TIEMPO SENTADO Y
PREVALENCIA DE SINDROME METABOLICO
EN UNA POBLACION ADULTA TRABAJADORA:
LA COHORTE AWHS

Resumen

Objetivo: el objetivo del presente analisis fue medir la
asociacion entre el tiempo sentado y la prevalencia de
sindrome metabolico, de forma independiente a la acti-
vidad fisica realizada.

Sujetos y métodos: la cohorte del Aragon Workers’
Health Study estd formada por 5.865 participantes de
los cuales se seleccion6 una muestra de 1.415 voluntarios
varones (40-55 afios) con datos completos al inicio del es-
tudio. El tiempo sentado y la actividad fisica se valoraron
mediante cuestionarios validados, y las variables socio-
demograficas, clinicas y bioquimicas necesarias para el
diagnéstico del sindrome metabdélico fueron recogidas
como parte de los protocolos del estudio. Para la defi-
nicion de sindrome metabdlico se siguieron los criterios
del Programa Nacional de Educacion del Colesterol en el
marco del III Panel de Tratamiento de Adultos (NCEP-
ATPIII). Se llevaron a cabo modelos de regresion lineal y
logistica para cuantificar esta asociacion usando el tiem-
po sentado categorizado en tertiles.

Resultados: 1a media de tiempo sentado fue de 5,78 +
1,72 h/dia, y la prevalencia de sindrome metabdlico del
19,2%. Comparando los participantes en el tertil su-
perior de tiempo sentado frente a los del tertil inferior
observamos una asociacion positiva para sindrome me-
tabolico (OR 1,77, 95%CI: 1,25-2,49) y los criterios de
triglicéridos (OR 1,70, 95%CI: 1,30-2,24), HDL-coleste-
rol (OR 1,65, 95%CI: 1,06-2,58), circunferencia de cin-
tura (OR 1,57, 95%CI: 1,17-2,11) y glucosa en ayunas
(OR 1,35, 95%CI: 1,03-1,77), ajustando por el nivel de
actividad fisica.



Conclusions: higher sitting time is associated with
an increased prevalence of metabolic syndrome
independently of physical activity performed. These
results could be useful to carry out effective strategies
for cardiovascular health promotion especially in
workplaces.

(Nutr Hosp. 2015;32:2692-2700)
DOI1:10.3305/nh.2015.32.6.9806
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Abbreviations

MetS: Metabolic syndrome.

CVD: Cardiovascular disease.

MET: Metabolic equivalent.

LTPA: Leisure time physical activity.
CI: Confident interval.

OR: Odds ratio.

Introduction

The metabolic syndrome (MetS) is a cluster of car-
diovascular disease (CVD) risk factors including cen-
tral obesity, reduced HDL-cholesterol and raised fas-
ting plasma glucose, triglycerides and blood pressure.
Although its physiopathology is still a matter of deba-
te, insulin resistance seems to be on the basis of this
condition. Currently, MetS constitutes an important
problem of public health due to the increasing world-
wide prevalence in general population and its associa-
tion with CVD'. Although the etiopathogenesis of the
MetS appears to be based on genetic and metabolic
factors, it is known that certain lifestyle habits could
play an important role in its prevention and control.
Sedentary behavior measured as sitting time has been
postulated as a risk factor for MetS? and it has also
been related with a worse inflammatory and insulin re-
sistance profile® and a higher incidence of total CVD*,
some types of cancer’ and all cause morality®.

Sedentary behavior has been defined as all activities
that involve energy expenditure at the level of 1.0-1.5
metabolic equivalents (METSs) during walking hours’.
This definition takes into account a wide range of ac-
tivities that involve low energy expenditure, but does
not differentiate those implying sedestation (lying or
standing quietly, standing in a line, etc.); therefore
this approach does not address the impact that a long
period of sitting time may have on the occurrence and
development of CVD-related conditions’. Furthermo-
re, in recent years there has been a growing interest in
studying the occurrence of these negative effects on
people who following the physical activity recommen-
dations and guidelines, are still considered sedentary
because of their occupational or leisure time sedentary
manners'.

Conclusiones: un mayor tiempo sentado se asocia con
un aumento de la prevalencia de sindrome metabélico in-
dependientemente de la actividad fisica realizada. Estos
resultados podrian ser itiles para llevar a cabo estrate-
gias efectivas de promocion de la salud cardiovascular,
especialmente en los lugares de trabajo.

(Nutr Hosp. 2015;32:2692-2700)
DOI1:10.3305/nh.2015.32.6.9806

Palabras clave: Sedentarismo. Tiempo sentado. Actividad
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We carried out this cross-sectional study with the
aim to describe the relationship between sedentary
behavior measured as sitting time, and the MetS, in-
dependently of leisure time physical activity (LTPA),
conducted in a male Spanish active population.

Subjects and methods
Study population

A detailed description of the cohort assembly pro-
cedures including collection of information of ex-
posure variables and outcomes definitions has been
reported previously''. Briefly, the Aragon Workers’
Health Study is a prospective cohort study based on
the routine annual health exams of voluntary workers
of a Spanish automobile assembly plant which aim is
to characterize the factors associated with metabolic
abnormalities and subclinical atherosclerosis in a mi-
ddle aged working population. Each year, one random
third of study participants 40 — 55 years of age and free
of CVD at baseline, are selected for subclinical athe-
rosclerosis imaging and for additional questionnaires
of cardiovascular and lifestyle factors. The present
cross-sectional analysis was carried out on a subsam-
ple of 1505 volunteers. We excluded participants with
missing data on sitting time (N=9) or on data neces-
sary to diagnose the MetS (N=81). The final sample
was composed of 1415 volunteers. All procedures per-
formed were in accordance with the ethical standards
of the Clinical Research Ethics Committee of Aragon.
Informed consent was obtained from all participants
prior to their inclusion in the study.

Biochemical, clinical and sociodemographic data

Fasting (>8 h) blood samples were drawn from each
participant by venipuncture into evacuated tubes Va-
cutainer™. Fasting serum glucose, triglycerides, total
cholesterol and HDL-cholesterol were measured by
spectrophotometry (Chemical Analyzer ILAB 650,
Instrumentation Laboratory). LDL-cholesterol levels
were calculated using the Friedewald equation when
triglycerides levels were lower than 400 mg/dL'".

Association between daily sitting time and
prevalent metabolic syndrome in an adult
working population: the AWHS cohort
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Blood pressure was measured three consecutive times
using an automatic oscillometric sphygmomanome-
ter OMRON M10-IT (OMRON Healthcare Co. Ltd.,
Japan). Physical examination included weight, height
and waist circumference. Smoking was defined as cu-
rrent smoking status or having smoked in the last year.
Being a former smoker was considered when subjects
had smoked at least 50 cigarettes in their lifetime, but
they did not smoke in the last year. Moreover, par-
ticipants completed an additional questionnaire on
sociodemographic characteristics including: date of
birth, gender, education level, marital status, number
of children and number of people that integrate their
family unit, years in company, work shift and type of
job performed.

Dietary, physical and sedentary behavior assessment

Dietary habits were assessed by means of a se-
mi-quantitative food frequency questionnaire pre-
viously validated in Spain'*!4, capturing long-term
intake during the preceding year. The questionnai-
re is based on 136 food items, including questions
about consumption of supplements and special diets
tracking. For LTPA assessment we used the Spanish
validated version'® of the Nurses’ Health Study and
Health Professionals’ Follow-up physical activity
questionnaires'®!”. Participants were asked about the
time and frequency devoted to the practice of 17 di-
fferent sports during the year preceding the date of the
interview. To compute the volume of activity perfor-
med for each participant, metabolic cost were assig-
ned for each activity using Ainsworth’s compendium
for physical activities®, and multiplied by the time the
participant reported practicing each activity. From the
sum of all activities we obtained a value of overall
weekly METs-h. To estimate the sedentary time, we
included the hours, from “never” to “nine or more than
nine hours a day” that the volunteer reported have been
sitting, considering both working and leisure time and
differentiating between a typical week day and a typi-
cal day weekend. Subsequently, weighted average was
calculated.

Metabolic syndrome definition

MetS was diagnosed when subjects met at least 3 of
the 5 following criteria: elevated waist circumference
(= 102 cm for men and > 88 for women), elevated tri-
glycerides (= 150 mg/dL or being on drug treatment
for increased triglycerides), reduced HDL-cholesterol
(< 40 mg/dL for men and < 50 mg/dL for women),
elevated blood pressure (systolic blood pressure = 130
mmHg and/or diastolic blood pressure = 85 mmHg or
being on antihypertensive drug treatment in a patient
with a history of hypertension), and elevated fasting
glucose (= 100 mg/dL or being on drug treatment for

elevated glucose), according to the modified National
Cholesterol Education Program - Adult Treatment Pa-
nel IIT definition'®,

Statistical analysis

Kolmogorov-Smirnov test was used to assess the
normality of data. We estimated the median value and
interquartile range for all continuous variables and
percentages for the categorical variables and com-
pared them across tertiles of sitting time through the
nonparametric Kruskal-Wallis and chi-square test. A
multivariate analysis was performed using linear re-
gression models. Dependent variables were systolic
and diastolic blood pressure, waist circumference,
triglycerides, HDL-cholesterol and fasting blood glu-
cose (as continuous), and independent variable was
sitting time categorized into tertiles. Results are pre-
sented adjusted for age (continuous), studies comple-
ted, smoking status, energy intake (continuous) and for
the rest of the MetS variables (continuous) (Model 1)
and further adjusted for LTPA (METs-h/week) (conti-
nuous) (Model 2). We also evaluated the association
of sitting time and the presence of the MetS. For this
aim, a multivariate analysis was performed using bi-
nary logistic regression models. Dependent variables
were MetS and its criteria and independent variable
was sitting time categorized into tertiles. The discri-
minatory power was assessed using the area under
the receiver-operator characteristics curve obtained
by analyzing the probability of the value predicted by
the multivariate model. Models are presented as crude
and adjusted by age (continuous), studies completed,
smoking status and energy intake (continuous) (Mo-
del 1) and additionally adjusted for LTPA (METs-h/
week) (continuous) (Model 2). Results are presented
as unadjusted and adjusted odds ratios (OR) and 95%
confidence interval (CI). P for trend was calculated for
each model. Statistical analyses were performed with
STATA (version 12) and P < .05 was considered statis-
tically significant for all analysis.

Results

The overall prevalence of MetS in this sample was
19.2% (272 of the 1415 participants), with the fo-
llowing prevalence of the diagnosis criteria: elevated
waist circumference in 30.0%, elevated triglycerides
in 40.4%, reduced HDL-cholesterol in 10.6%, elevated
blood pressure in 20.5% and elevated fasting glucose
in 41.3%. Mean and standard deviation for sitting time
among participants were 5.78 + 1.72 h/day. Differences
in sociodemographic characteristics, CVD risk factors
and lifestyle habits according to tertiles of sitting time
are shown in table I. We observed significant differen-
ces in the level of studies completed and type and work
shift, where that individuals with higher educational
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Table I
Participants’ characteristics according to tertiles of sitting time (h/day)

Sitting time (h/day)

Tertile 1 (1.85 -4.57) Tertile 2 (4.71 - 6.42) Tertile 3 (> 6.57) P value
Participants, N 463 459 493
Sociodemographic characteristics
Age (years) 51.8 (48.6-54.4) 52.0 (48.8-54.5) 52.0 (49.2-54.7) 0.007
Level of studies completed (%) <0.001
Primary studies 52.9 56.4 45.5
Secondary studies 13.5 8.9 11.2
Professional training 32.1 32.7 333
University studies 1.5 2.0 10.0
Shift work (%) <0.001
Rotary Morning-Afternoon 69.3 63.6 54.2
Rotary Morning-Afternoon-Night 20.1 21.8 21.1
Day shift 2.7 3.7 19.5
Night shift 8.4 10.9 53
Type of work (%) <0.001
Hand worker 94.8 94.1 73.2
Office worker 5.2 5.9 26.8
Carcliovascular risk factors
BMI (Kg/m?) 27.1(25.2-29.3) 27.8 (25.7-29.9) 27.7 (25.6-30.6) 0.002
Waist circumference (cm) 95.5(90.0-101.8) 97.5 (92.0-104.0) 99.0 (92.2-105.0) <0.001
Systolic blood pressure (mmHg) 124.5 (116.0-133.0) 124.0 (116.0-133.0) 126.0 (117.0-135.3) 0.111
Diastolic blood pressure (mmHg) 83.0 (77.0-89.0) 83.0 (77.0-89.0) 85.0 (79.0-90.0) 0.035
Fasting blood glucose (mg/dL) 97.0 (89.0-104.0) 96.0 (89.0-103.0) 98.0 (91.0-107.0) <0.001
Total cholesterol (mg/dL) 223.0 (200.0-249.0) 223.0 (200.0-247.0) 222.0 (198.0-243.0) 0.767
Triglyceride (mg/dL) 117.0 (85.0-181.0) 135.0 (91.0-202.0) 142.0 (99.0-201.5) <0.001
HDL-cholesterol (mg/dL) 53.0 (46.0-60.0) 51.0 (45.0-58.0) 50.0 (43.0-57.0) <0.001
LDL-cholesterol (mg/dL) 139.4 (120.4-160.9) 139.2 (120.4-159.2) 139.8 (118.0-158.7) 0.660
Lifestyle habits
Diet
Energy intake (Kcal/day) 2957.7 (2442.4-3459.9) 2954.1 (2496.3-3468.0) 2781.8 (2263.4-3401.6) 0.003
Total carbohydrate intake (%) 45.8 (41.4-50.0) 45.5 (40.8-49.4) 44.8 (39.6-48.6) 0.004
Total protein intake (%) 14.6 (13.2-16.2) 14.6 (13.5-16.1) 14.6 (13.3-16.1) 0.868
Total fat intake (%) 34.2 (30.2-37.8) 35.0 (31.1-38.8) 35.3(31.9-39.0) 0.007
Saturated fat intake (%) 9.4 (8.2-11.0) 9.9 (8.5-11.4) 9.8 (8.5-11.1) 0.037
Polyunsaturated fat intake (%) 5.5 (4.5-6.6) 5.4 (4.5-6.7) 5.5 (4.6-6.9) 0.179
Trans fat intake (%) 0.23 (0.15-0.32) 0.24 (0.17-0.32) 0.23 (0.16-0.30) 0.309
Alcohol (g/day) 14.8 (5.9-33.2) 14.8 (5.9-33.2) 14.9 (5.9-34.0) 0.958
LTPA (METs-h/week) 38.1 (19.6-52.9) 33.7 (19.6-46.3) 28.3 (17.0-43.5) <0.001
Smoking status (%) 0.436
Never 34.1 32.1 31.3
Former 36.5 33.5 342
Current 29.3 34.4 34.6
Data are expressed as percentage or median and interquartile range.
BMI: Body mass index, LTPA: Leisure time physical activity, MET: Metabolic equivalents.
Association between daily sitting time and Nutr Hosp. 2015;32(6):2692-2700 2695
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level (10.0% vs. 1.5% and 2.0%, P < .001) and those
who work in the day shift (19.5% vs. 2.7% and 3.7%,
P < .001) showed the greatest differences between the
first and the third tertile of sitting time. With regard
to CVD risk factors, those participants in the highest
tertile of sitting time had higher waist circumference
(99.0 vs. 95.5 and 97.5 mg/dL, P < .001), fasting blood
glucose (98.0 vs. 97.0 and 96.0 mg/dL, P < .001) and
also higher diastolic blood pressure (85.0 vs. 83.0 and
83.0 mmHg, P =.035) compared to those in the lowest
one. The plasma lipid profile was also significantly
different on those who reported spending more time
sitting, with higher triglycerides (142.0 vs. 117.0 and
135.0 mmHg, P < .001) and lower HDL-cholesterol
levels (50.0 vs. 53.0 and 51.0 mmHg, P < .001) than
those participants classified into the lower tertile of si-
tting time. With respect to lifestyle habits, sedentary
individuals consumed a greater amount of total fat
(35.3% vs. 34.2% and 35.0%, P < .007) and practi-
ced less LTPA (28.3 vs. 38.1 and 33.7 METs-h/week,
P <.001).

The adjusted linear regression models for the as-
sociation between tertiles of sitting time and the pa-
rameters of MetS as continuous variables are presen-
ted in table II. We observed an association between
the highest tertile of sitting time and HDL-choleste-
rol (B =-1.72; P = .018) and fasting blood glucose
(B = 2.86; P = .021) even after adjusting for LTPA,
whereas no significant association was found for sys-
tolic and diastolic blood pressure, waist circumference
or triglycerides.

Crude and adjusted OR for MetS and individual cri-
teria are shown in table III. The multivariable model
showed that once adjusted, those individuals in the
highest tertile of sitting time had 1.77 (95%CI: 1.25-
2.49) times higher chance of having MetS compared
with those in the lowest one. They also showed a higher
risk of presenting triglyceride (OR 1.70, 95%CI: 1.30-
2.24), HDL-cholesterol (OR 1.65, 95%CI: 1.06-2.58),
waist circumference (OR 1.57, 95%CI: 1.17-2.11) and
fasting blood glucose (OR 1.35, 95%CI: 1.03-1.77)
criteria even after adjusting for LTPA (METs-h/week).
No significant association was found for blood pres-
sure criterion.

Discussion

In this study the probability of finding prevalent
MetS is 77.0% higher in the group of individuals spen-
ding more than 6.57 h/day sitting compared to those
with less frequent sitting time (1.85-4.57 h/day), inde-
pendently of the level of physical activity performed.
Furthermore, this association held when additional ad-
justing by total energy intake was used. This is the first
study carried out in a Mediterranean adult working po-
pulation suggesting that sitting time, independently of
other lifestyle factors such as physical activity or diet,
is associated with prevalent MetS.

Comparison of results across studies relating se-
dentary behavior (such as daily sitting time) and MetS
is somewhat complex due to the different criteria used
for the definition of MetS or even in the definition of
what constitutes a sedentary lifestyle. In some instan-
ces, sedentary behavior is defined as those activities
with low-intensity physical activity. At other times, is
related with the time spent in screen activities'®. When
the measurement has been carried out objectively, by
accelerometry, is usually characterized as those acti-
vities involving 100 or less counts per minute®. Des-
pite this heterogeneity in the definitions, our results
are in agreement with those recently reported in a Da-
nish population, where higher prevalence (48.0%) of
MetS among those participants sitting for 10 or more
h/day, even in physically active participants, was ob-
served'®. Furthermore, a recent meta-analysis?' com-
bining the effects sizes found on ten different studies,
showed that greater time spent in sedentary increased
the odds of MetS by 73.0%, although four of this stu-
dies included did not considered covariates such as
physical activity, diet or body mass index as potential
confounders.

Our results contribute to the growing evidence
pointing to prolonged sitting time as an independent
cardiovascular risk factor. Defining sedentary beha-
vior in terms of energy expenditure does not account
for the pathophysiological effects associated with the
sedestation posture. The most widely accepted phy-
siopathological hypothesis? points to the regulation
of the lipoprotein lipase activity as the key player
in the impact of sedestation on cardiovascular risk.
Animal models have demonstrated that the loss of
local contractile stimulation leads to the suppression
of lipoprotein lipase activity in skeletal muscle, li-
miting the uptake of triglycerides and free fatty acid
and also reducing HDL-cholesterol plasma levels®.
In this hypothesis, people with longer daily sitting
times could be at higher cardiovascular risk even if
they follow the physical activity recommendations®.
In this vein, we also observed higher levels of trigly-
cerides and reduced HDL-cholesterol in those parti-
cipants who spent more time sitting. Nonetheless, the
demonstration of the lipoprotein lipase activity theory
in humans remains to be explored and it is possible
that this effect can only be observed after prolonged
periods in sedestation.

The prevalence of MetS observed in this study is
considerably higher than the one reported from pre-
vious studies carried out in other Spanish working
populations such as the MESYAS Registry?® and
the DARIOS* or ICARIA® studies. This difference
could be related with the use of different definitions
of MetS, with a change in the threshold diagnosis of
fasting blood glucose from 100 to 110 mg/dL or the
use of body mass index instead of waist circumference
for the diagnosis of obesity, parameter that although
widely accepted tends to underestimate the prevalence
of MetS. However, could be also be related to a rising
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Table II

Adjusted beta-coefficients of variables included in metabolic syndrome using linear regression models

Sitting time (h/day)

Tertile 1 Tertile 2 Tertile 3

1.85-4.57 4.71 - 6.42 >6.57
Systolic blood pressure (mmHg)
Model 1* (95%CT) 0.00 (ref) -0.62 (-2.59 - 1.35) 0.01 (-1.95-1.97)
p value 0.537 0.991
Model 2° (95%CT) 0.00 (ref) -0.42 (-2.40 - 1.54) 0.31 (-1.65 - 2.29)
p value 0.671 0.751
Diastolic blood pressure (mmHg)
Model 1* (95%CTI) 0.00 (ref) 0.34 (-0.94 - 1.64) 0.61 (-0.66 - 1.90)
p value 0.600 0.345
Model 2° (95%CT) 0.00 (ref) 0.43 (-0.86 - 1.72) 0.75 (-0.53 - 2.04)
p value 0.514 0.253
Waist circumference (cm)
Model 1* (95%CI) 0.00 (ref) 2.10 (-0.53 - 4.74) 1.65 (-0.96 - 4.27)
p value 0.118 0.217
Model 2° (95%CI) 0.00 (ref) 1.90 (-0.74 - 4.54) 1.32 (-1.31 - 3.96)
p value 0.158 0.324
Triglycerides (mg/dL)
Model 1* (95%CI) 0.00 (ref) 6.76 (-4.94 - 18.5) 5.98 (-5.64 - 17.6)
p value 0.257 0.313
Model 2° (95%CI) 0.00 (ref) 6.76 (-4.98 - 18.5) 597(-5.74-17.7)
p value 0.259 0.317
HDL-cholesterol (mg/dL)
Model 1* (95%CI) 0.00 (ref) -0.29 (-1.75 - 1.15) -2.27(-3.71 - -0.83)
p value 0.688 0.002
Model 2° (95%CI) 0.00 (ref) 0.01 (-1.42 - 1.45) -1.72 (-3.16 - -0.29)
p value 0.986 0.018
Fasting blood glucose (mg/dL)
Model 1* (95%CT) 0.00 (ref) -0.58 (-3.02 - 1.85) 3.17 (0.76 - 5.59)
p value 0.638 0.010
Model 2° (95%CT) 0.00 (ref) -0.76 (-3.20 - 1.67) 2.86 (0.43-5.29)
p value 0.537 0.021

“Multiple linear regression model adjusted for age, studies completed, smoking status, energy intake

(Kcal/day) and the rest of metabolic syndrome parameters.

"Multiple linear regression model additionally adjusted for leisure time physical activity (METs-hour/week).

95%CI: Confidence interval of 95%.

prevalence of cardiovascular risk factors in an increa-
singly younger population®.

It has been postulated that the main cause explaining
the higher prevalence of CVD, MetS and obesity in
sedentary individuals, is the positive association with
poorer dietary habits, with a high-caloric diets and

frequent consumption of energy-dense foods and the-
refore a disrupted energy balance, observed in young
adults and teenagers**® more than in adults®. In this
regard, our results indicated no association between si-
tting time and diet quality supporting the idea of daily
sitting time as an independent contributor to increased

Association between daily sitting time and
prevalent metabolic syndrome in an adult
working population: the AWHS cohort
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Table III
Crude and adjusted odds ratios for metabolic syndrome by tertiles of sitting time (h/day), using logistic regression models

Sitting time (h/day)

Tertile 1 Tertile 2 Tertile 3 P trend
1.85-4.57 4.71 - 6.42 >6.57

MetS diagnosis (%) 14.3 17.7 254
Crude (95%CI) 1.00 (ref) 1.28 (0.90 - 1.83)  2.04 (1.46 - 2.84) <0.001
Model 1* (95%CI) 1.00 (ref) 1.20 (0.83 - 1.73)  1.92(1.36 - 2.69) <0.001
Model 2° (95%CT) 1.00 (ref) 1.14 (0.79 - 1.65) 177 (1.25 - 2.49) 0.001
Blood pressure criterion for MetS (%) 19.2 20.3 21.9
Crude (95%CI) 1.00 (ref) 1.06 (0.77-1.47)  1.17 (0.86 - 1.61) 0.303
Model 1* (95%CT) 1.00 (ref) 1.00 (0.71-1.41)  1.05(0.75 - 1.46) 0.757
Model 2° (95%CI) 1.00 (ref) 0.97 (0.69-1.37) 0.99 (0.71 - 1.38) 0.979
Waist circumference criterion for MetS (%) 24.0 30.3 35.5
Crude (95%CI) 1.00 (ref) 1.37(1.02-1.84)  1.74 (1.31-2.31) <0.001
Model 1* (95%CT) 1.00 (ref) 1.37 (1.02-1.85)  1.68 (1.26 - 2.25) <0.001
Model 2° (95%CT) 1.00 (ref) 1.32(0.98-1.78) 1.57 (1.17-2.11) 0.002
Triglyceride criterion for MetS (%) 320 429 46.0
Crude (95%CI) 1.00 (ref) 1.60 (1.22-2.09)  1.81(1.39-2.36) <0.001
Model 1* (95%CI) 1.00 (ref) 1.53 (1.16 -2.01)  1.81(1.38-2.37) <0.001
Model 2° (95%CT) 1.00 (ref) 147 (1.12-1.94)  1.70 (1.30 - 2.24) <0.001
HDL-cholesterol criterion for MetS (%) 7.8 10.9 13.0
Crude (95%CI) 1.00 (ref) 1.45(0.92-2.27) 1.76 (1.15-2.71) 0.009
Model 1* (95%CI) 1.00 (ref) 1.35(0.85-2.14)  1.67 (1.08 - 2.60) 0.026
Model 2° (95%CT) 1.00 (ref) 1.34 (0.85-2.13)  1.65(1.06 - 2.58) 0.026
Fasting blood glucose criterion for MetS (%) 39.1 35.7 48.7
Crude (95%CI) 1.00 (ref) 0.86 (0.66-1.13)  1.47 (1.14-1.91) 0.002
Model 1* (95%CT) 1.00 (ref) 0.84 (0.64 - 1.11)  1.43 (1.09 - 1.86) 0.007
Model 2° (95%CI) 1.00 (ref) 0.81(0.61-1.07) 1.35(1.03-1.77) 0.022

*0dds ratios adjusted for age, studies completed, smoking status and energy intake (kcal/day).
°Odds ratios additionally adjusted for leisure time physical activity (METs-hour/week).
95%Cl: Confidence interval of 95%; MetS: Metabolic syndrome.

risk of MetS, although workers who spent more time
in sedentary activities showed also less time invested
in physical activity performing.

The detrimental effects of a sedentary lifestyle are
currently the subject of intense research, and consti-
tute a priority in the public health agenda. The time
spent on sedentary behavior and especially in sedesta-
tion is expected to increase in the coming years. The
increasing burden of CVD should be addressed also
from the perspective of lifestyle, promoting not only to
compliance with diet and physical activity recommen-
dations but also promoting actions to reduce the time
spent in sedentary activities. Increasing the time de-
dicated to practice of physical activity remains a cha-

llenge for many individuals, but reducing sedentary
lifestyle seems a more feasible approach, especially
for those with reduced mobility or difficulties to ca-
rry out any physical activity. Although prospective and
controlled intervention studies are still needed in order
to evaluate the effects of sitting time on cardiovascular
risk factors, and in light of these results, it seems rea-
sonable to suggest that guidelines for the prevention of
CVD should not only be aimed at increasing physical
activity but also to reduce long periods of sedentary
time, recommending short breaks to allow us to get
muscle activation and a slightly increased energy ex-
penditure, that seems to be beneficial for the control
and management of cardiovascular risk factors®.
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Study limitations

Although the AWHS study carries a rigorous gene-
ral protocol and sedentary and physical assessment in-
cludes personal interviews by trained interviewers, the
use of questionnaires is unlikely to be quantitatively
precise and not let us to know if that sedentary time oc-
curs continuously or intermittently, even though it has
been previously validated using accelerometers. The
cross-sectional design of the analysis does not address
causality, and the multiple associations between lifes-
tyle factors makes it difficult to rule out all potential
residual confounding even after careful adjustment of
the models. Finally, this sample is not totally represen-
tative of the general population; only healthy men or
at least without known disabling diseases have been
included in the study, so that the levels of sedentary
and physical activity in the general population could
be different.

Conclusions

Increased daily sitting time is associated with preva-
lent MetS independently of the level of physical activi-
ty performed, in this sample of Spanish workers. This
information could be useful to improve the effective-
ness of strategies for the promotion of cardiovascular
health overall and could be specifically useful as part
as wellness programs in workplaces.
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