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Abstract

The aim of the present study was to analyze the association of socioeconomic (SES) and

lifestyle factors, with the conditions of overweight (OW), general (OB) and abdominal obe-

sity (AO) in Spanish adults. A representative sample of 1655 Spanish adults (18 to 65 years)

from the ANIBES Study was investigated. Collected data included measured anthropometry

(weight, height and waist circumference), demographic and SES data (region and habitant

population size, educational level, family income, unemployment rate), physical activity (PA)

and other lifestyle factors (sleeping time and frequency of viewing television). OW, OB and

AO were determined in each participant. Being male, older than 40 years, and watching tele-

vision more frequently were associated with higher risk of OB and AO, whereas those with a

higher level of education, smokers, and more time in sleeping and in vigorous PA, but not in

moderate-vigorous PA, were associated with a lower risk. Living in the Atlantic region and

stating no answer to the question regarding family income were also associated with lower

risk of AO. Strategies for preventing and reducing OB and AO should consider improving

sleeping habits and PA. They should also pay more attention to the most vulnerable groups

such as those less educated.
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Copyright: © 2016 López-Sobaler et al. This is an

open access article distributed under the terms of

the Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the paper.

Funding: ANIBES Study was financially supported

by Coca Cola Iberia through an agreement with the

Spanish Nutrition Foundation (FEN). The funding

sponsors had no role in the study design, data

collection, analysis or interpretation of the data; the

writing of the manuscript; or the decision to

publish the results.

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0169027&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0169027&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0169027&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0169027&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0169027&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0169027&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Introduction

Obesity is a public health problem that is increasing worldwide [1]. Recently published data

from the ANIBES (Anthropometry, Intake, and Energy Balance in Spain) Study show that the

prevalence of overweight (OW) and obesity (OB) in the Spanish population is 35.8 and 19.9%,

respectively [2]. The figures regarding abdominal obesity (AO) are even more disturbing,

affecting 58.4% of the population when waist to height ratio (WHtR)�0.5 is considered [2].

Obesity is the result of an imbalance between energy intake and expenditure where genetic,

physiological and environmental factors are also involved [3], Apart from sex and age, which

has shown to be related to obesity [2], other potential confounders of this association in adults

include the socioeconomic status (SES) [4,5], physical inactivity [6], sleeping time [7,8] and

smoking habits [9].

Because of the economic downturn that has affected Spain since 2008, unemployment has

increased and household economic resources declined. It has been suggested that economic

problems can affect not only the diet but also physical activity (PA), smoking habits [10] and

sleep [11]. There is also some evidence of a relationship between the economic crisis in Spain

and the health and lifestyle of the Spanish population [12], and this probably also had an

impact on the factors associated with overweight and obesity.

The ANIBES Study (Anthropometry, Intake, and Energy Balance in Spain) was conducted

from mid-September to mid-November 2013 in a representative sample of the Spanish popula-

tion. The aim of this paper was to analyze the relationships between different socioeconomic

and lifestyle factors, including PA, with the conditions of OW, OB and AO.

Materials and Methods

This study is part of the ANIBES study. Briefly, ANIBES Study was designed to carry out an

accurate updating of food and beverage intake, dietary habits/behavior and anthropometric

data of the Spanish population (9–75 years, n = 2009), as well as the energy expenditure and

physical activity patterns. The overall design, protocol, and methodology of the ANIBES study

have previously been reported in detail [13].

Study design and sampling procedure

The target population consisted of all inhabitants living in Spain (excluding the autonomous

cities of Melilla and Ceuta in the north of Africa), aged 9 to 75 years and living in municipali-

ties of at least 2,000 inhabitants. The sample for the ANIBES Study was based on the 2012 cen-

sus data published by the INE (Instituto Nacional de Estadı́stica/Spanish Bureau of Statistics)

for gender, age, habitat size and region. The total sample size was calculated based on a 0.05

probability of Type I error (rejecting a null hypothesis when it is true) and 0.1 probability of

Type II error (accepting a null hypothesis when it is wrong) in the main outcome of the study

(energy intake). No previous pre-recruitment was considered to minimize the risk of bias in

responses. The present paper focused on the adult population (18–64 years, n = 1655).

For the population sampling, the following variables were taken into account: age, sex, geo-

graphical distribution (Northeast, East, South, West, North-Central, Barcelona, Madrid, and

the Balearic and Canary Islands), habitant size (rural, semi-urban, or urban populations of

2,000–30,000, 30,000–200,000, and over 200,000 inhabitants, respectively), and other factors

such as rate of unemployment, rate of immigrant population, level of PA, and educational

level. Geographical distributions were grouped into four different regions (South, Central,

Atlantic and Mediterranean). Exclusion criteria included the following: living in an institu-

tional setting (e.g. college, nursing home, hospital), following a therapeutic diet because of

recent surgery or any medical prescription, potential participants with any transitory illness
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(e.g. flu, gastroenteritis, chicken pox) at the time fieldwork was undertaken, and individuals

employed in areas related to consumer science, marketing or the media. However, individuals

with the following conditions were considered eligible to be included: those following dietary

advice such as for prevention of hypertension, diabetes, hypercholesterolemia or hyperurice-

mia, pregnant and lactating women, those with diagnosed allergy and/or food intolerance, and

those suffering a metabolic disease such as hyperthyroidism or hypothyroidism.

The fieldwork for the ANIBES Study was three months from mid-September to mid-

November 2013, and two previous pilot studies were from June to September, 2013. The final

protocol was approved by the Ethical Committee for Clinical Research of the Region of Madrid

(Spain). Written informed consent was obtained from all subjects. All data were collected by

trained interviewers.

Anthropometric data

Weight, height, and waist circumference were measured using standardized procedures by

well-trained interviewers to minimize the inter-observer coefficients of variation [14]. Weight

was measured once with a Seca model 804 weighing scale (Medizinische Messsysteme und

Waagen seit 1840, Hamburg, Germany; range 0.1–150 kg, precision 100 g). Height was

assessed in triplicate using a Seca model 206 Stadiometer (range 70–205 cm, precision 1 mm).

Waist circumference was measured in triplicate using a Seca 201 tape measure (Seca, Ham-

burg, Germany; range 0–150 cm, precision 1 mm).

General adiposity was assessed using body mass index (BMI) and AO by waist to height

ratio (WHtR). BMI was calculated as weight to height squared (kg/m2). Overweight and obe-

sity were defined as BMI 25.0–29.9 kg/m2 and�30 kg/m2, respectively [15]. WHtR was calcu-

lated as waist (cm)/height (cm). Abdominal obesity was defined as a WHtR�0.5 [16].

Socioeconomic factors

Each participant answered a questionnaire administered face-to-face that included the follow-

ing questions: age in completed years (18–40/41–65 years), place of birth (no immigrant/

immigrant) educational level according to years and type of education (primary or less/sec-

ondary/university), occupational status (unemployed/employed), and monthly family income

(0–1000€/1001–2000€/>2000€/no answer).

Lifestyle factors

Physical activity was estimated based on the International Physical Activity questionnaire

(IPAQ) [17]. Time spent in vigorous-intensity PA (VPA) was calculated and grouped into (a)

<75 min/week, (b) 75–150 min/week, (c) 151–300 min/week, or (d) >300 min /week. Also,

moderate vigorous-intensity PA (MVPA) was calculated and grouped into (a)<150

min/week, (b) 151–300 min/week, or (c)>300 min/week based on public health guidelines

[18]. Smoking habits were grouped as smoker or non-smoker. Participants also described their

frequency of viewing television as (a) never or almost never, (b) low frequency, (c) frequently,

(d) quite often, or (e) very often, and reported their daily hours of sleeping as (a)<7, (b)�7

and<8, or (c)�8 h).

Statistical analyses

Analyses were performed using SPSS version 22.0 (SPSS, Inc, Chicago, IL, USA). Data are pre-

sented as means, standard deviation, and percentages. The Kolmogorov-Smirnoff test was

used to test if the variables followed a normal distribution and to decide between parametric
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or non-parametric analysis. Differences between sexes were performed using Student’s-t or

Mann–Whitney test. When comparing proportions, the z-test was used. The associations of

sex, age and socioeconomic and lifestyle factors (independent variables) and OW, OB or AO

(dependent variables) were analyzed by logistic regression analysis to calculate odds ratios

(OR). The 95% confidence intervals (CI) were calculated, and Wald’s test was used for com-

parison of the OR. Multivariate analyses were also used to examine the simultaneous effect of

the different socioeconomic and lifestyle variables on the prevalence of OW, OB and AO. The

level of significance was set at p<0.05.

Results

Table 1 shows personal, anthropometric, sociodemographic and lifestyle factors of the total

sample and by sex. Some of these results have been described in previous publications [2,19]

and are presented again for simple characterization. The final sample consisted of 1655 indi-

viduals (48.2% men). Over a third (35.8%) were OW and 19.9% were OB, with higher percent-

ages in males. Also, 58.4% of the population had AO, and again the percentage of people with

central obesity is significantly higher in men.

Most participants had a high school diploma (48.9%), an average monthly income between

1000 and 2000 € (39.1%), and 16% were unemployed. Approximately a third were smokers.

Women spent more time on MVPA, and 1 out of 4 people spent less than 150 min/week on

physical activities. By contrast, men spent more time weekly on VPA, and 62.9% of the popula-

tion spent less than 75 min/week on them. The average sleeping time was 7.46 ± 1.13 h/day,

and 46.7% sleep more than 8 h/day. Sixty five percent of the population indicated watching TV

quite or very often.

The univariate analyses with sociodemographic and lifestyle variables and the risk of OW,

OB and AO are shown in Table 2.

Being male and aged more than 41 years was significantly associated with an increased risk

of being OW, OB or AO, while having high school or university education was associated with

a lower risk in all cases. It is noteworthy that not answering the question of income was associ-

ated with a lower risk of any excess body weight. Regarding OW, the only other variables asso-

ciated with a lower risk were living in a city and sleeping more than 8 h/day. On the other

hand, regarding both OB and AO, general and central obesity, a higher family income, more

time on VPA or MVPA, and sleeping more than 7 h/day were associated with a lower risk,

while being unemployed, and watching TV quite or very often were associated with increased

risk.

Multivariate analyses of all the variables studied are shown in Table 3.

Sex and age remained statistically significant in all models. After adjusting for other vari-

ables, the only variables that were associated with a lower risk of OW were a higher educational

level and spending more than 150 min/week in VPA. Educational level, time spent in VPA,

sleeping time, and frequency of viewing television remained significantly associated with both

OB and AO, while the family income, employed status, and MVPA were no longer significant.

It is noteworthy that the no answer to the question about income level only maintains its asso-

ciation with AO, and that in the adjusted model living in the Atlantic region becomes a protec-

tive factor of AO. In contrast to the findings in the unadjusted model, being a smoker is

associated with a lower risk of both OB and AO.

Discussion

Our results show that a higher level of education, smoking, more time spent in VPA, and

sleeping more than 7 h/day are associated with a lower risk of OB and AB. While being male,
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Table 1. Characteristics of the study population.

Total Men Women

N (%) 1655 798 (48.2) 857 (51.8)

Age (years) (Mean ± SD) 39.97±12.20 39.6±12.2 40.3±12.2

18–40 y (n,%) 883 (53.4) 435 (26.3) 448 (27.1)

41–65 y (n,%) 772 (46.6) 363 (21.9) 409 (24.7)

Weight (kg) (Mean ± SD) 74.2±16.48 82.4±15.34 66.6±13.62 *

Height (cm) (Mean ± SD) 167.7±9.35 174.5±6.95 161.3±6.37 *

BMI (kg/m2) (Mean ± SD) 26.3±5.15 27.1±4.87 25.6±5.3 *

Overweight (n,%) 592 (35.8) 323 (40.5) 269 (31.4) *

Obesity (n,%) 329 (19.9) 181 (22.7) 148 (17.3) *

Waist circumference (cm) (Mean ± SD) 88.1±14.5 93.8±13.61 82.7±13.19 *

WHtR (Mean ± SD) 0.53±0.08 0.54±0.08 0.51±0.09 *

Abdominal obesitya (%) 966 (58.4) 516 (64.7) 450 (52.5) *

Region (n,%)

South 425 (25.7) 198 (24.8) 227 (26.5)

Central 379 (22.9) 197 (24.7) 182 (21.2)

Atlantic 281 (17.0) 137 (17.2) 144 (16.8)

Mediterranean 570 (34.4) 266 (33.3) 304 (35.5)

Habitat sizeb (n,%)

Rural 564 (34.1) 266 (33.3) 298 (34.8)

Semi-urban 561 (33.9) 284 (35.6) 277 (32.3)

Urban 530 (32.0) 248 (31.0) 282 (32.9)

Level of education (n,%)

Primary or less 443 (26.8) 212 (26.5) 231 (26.9)

Secondary 810 (48.9) 396 (49.6) 414 (48.3)

University 402 (24.3) 190 (23.8) 212 (24.7)

Family income (n,%)

0–1000 € 315 (19.0) 162 (20.3) 153 (17.9)

1000–2000 € 647 (39.1) 290 (36.3) 357 (41.7)

�2000 € 303 (18.3) 151 (18.9) 152 (17.7)

No answer (%) 390 (23.6) 195 (24.4) 195 (22.8)

Immigrant population (n, %) 65 (3.9) 58 (7.27) 48 (5.6)

Rate of unemployment (n, %) 272 (16.4) 228 (28.6) 118 (13.8)

Smoking status (n,%)

Non smoker 1076 (65.0) 480 (60.1) 596 (69.5)

Smoker 579 (35.0) 318 (39.8) 261 (30.4)

Vigorous physical activity (min/wk) (Mean ± SD) 149.2±264.15 209±302 94±209 *

<75 min/wk (n,%) 1041 (62.9) 420 (52.6) 621 (72.5)

75–149 min/wk (n,%) 118 (7.1) 49 (6.1) 69 (8.1)

150–299 min/wk (n,%) 185 (11.2) 107 (13.4) 78 (9.1)

�300 min/wk (n,%) 311 (18.8) 222 (27.8) 89 (10.4)

Moderate-vigorous physical activity (min/wk) (Mean ± SD) 565±509 524±513 603±503 *

<150 min/wk (n,%) 415 (25.1) 230 (28.9) 185 (21.6)

150–300 min/wk (n,%) 224 (13.6) 114 (14.3) 110 (12.9)

�300 min/wk (n,%) 1013 (61.3) 452 (56.8) 562 (65.5)

Time watching TV

Never or almost never (n,%) 56 (3.4) 30 (3.7) 26 (3.0)

Low frequency (n,%) 204 (12.3) 88 (11.02) 116 (13.5)

(Continued)
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older than 40 years, and watching TV quite or very often are associated with the risk factors.

Aspects such as the municipal habitat size, family income, being an immigrant or unemployed,

or time spent on MVPA are not associated with an increased risk of OW, OB and AO.

The associations of sex and age with OW, OB and AO in the ANIBES study have been pre-

viously described [2]. It has been suggested that sex itself (sex hormones affect the amount and

distribution of body fat) is a factor influencing body composition, its oxidation and mobiliza-

tion [20]. In our study, the increased risk to males may also be due to the different pattern of

PA [19] or to different dietary habits of men and women. Other studies indicate that living in

the Atlantic region is associated with a lower risk for AO, and have shown geographic differ-

ences in obesity prevalence in Spain [21,22].

Whenever possible, SES level is generally measured by occupation, educational level and

income. Although they are not completely independent, analysis of these three SES dimensions

together is of interest, but owing to limited availability of data, only a few surveys have

included all of these together [23]. In our investigation, only educational level was inversely

associated with both OB and AO. Our results agree with others and confirm that in developed

countries the level of education is inversely associated with increased risk of OW and OB [5],

and also with AO as defined by WHtR [24], waist circumference [22,25,26], or waist to hip

ratio [27]. Educational level can exert its influence on health and body weight since it is related

to knowledge about health and healthy lifestyles [27], including dietary habits and PA [25].

Furthermore, educational level is assumed to be stable throughout life and to partly reflect

childhood socioeconomic conditions [25].

It is noteworthy that 23.6% did not answer the question of family income and this was asso-

ciated with a lower risk of AO. Bearing in mind that the questionnaire was administered face

to face and some people may really have not known their income, it is also possible that those

with higher incomes did not want to declare them. This group also included those with the

highest purchasing power.

Smoking was associated with lower prevalence of both OB and AO. This relationship has

been confirmed in numerous studies that have shown that smokers have less weight or BMI

than nonsmokers [9], although there are also studies that observed an inverse association [28].

However, the results of studies that have examined the relationship between smoking and AO

are controversial, since some found no association [24], while others found lower [29] or

higher risk in smokers [9,27]. Smoking could possibly be associated with lower weight and adi-

posity because nicotine acutely increases the levels of various neurotransmitters, suppresses

Table 1. (Continued)

Total Men Women

Frequently (n,%) 311 (18.8) 140 (17.5) 171 (19.9)

Quite often (n,%) 651 (39.4) 318 (39.8) 333 (38.8)

Very often (n,%) 432 (26.1) 222 (27.8) 210 (24.5)

Sleep time (h/day) (Mean ± SD) 7.46±1.13 7.46±1.10 7.46±1.16

<7 h/day (n,%) 318 (20.6) 147 (19.8) 171 (21.3)

7–8 h/day (n,%) 506 (32.7) 259 (34.8) 247 (30.8)

�8 h/day (n,%) 722 (46.7) 338 (45.4) 384 (47.9)

BMI: Body mass index, WHtR: Waist to height ratio

* Significant differences regarding sex
a Abdominal obesity defined by WHtR�0.5
b Habitat size: rural populations: 2,000–30,000; semi-urban: 30,000–200,000; urban population: over 200,000 inhabitants.

doi:10.1371/journal.pone.0169027.t001
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Table 2. Association of sociodemographic and lifestyle factors with prevalence of overweight, general and abdominal obesity in Spanish adults.

Logistic regression analysis.

Overweight Obesity Abdominal obesity

25�BMI<30 kg/m2 BMI�30 kg/m2 WHtR�0.5

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

Sex

Female 1 1 1

Male 1.80 (1.44–2.24) 0.000 1.83 (1.41–2.38) 0.000 1.65 (1.36–2.02) 0.000

Age

18–40 y 1 1 1

41–65 y 2.30 (1.84–2.87) 0.000 3.89 (2.95–5.11) 0.000 4.32 (3.49–5.34) 0.000

Region

South 1 1 1

Central 0.90 (0.66–1.22) 0.485 1.06 (0.72–1.55) 0.766 1.01 (0.76–1.34) 0.944

Atlantic 0.87 (0.62–1.22) 0.419 0.87 (0.57–1.33) 0.511 0.75 (0.55–1.02) 0.067

Mediterranean 0.87 (0.66–1.16) 0.343 1.30 (0.93–1.83) 0.130 0.86 (0.67–1.12) 0.266

Habitats size a

Rural 1 1 1

Semi-urban 0.94 (0.73–1.22) 0.659 1.38 (1.00–1.90) 0.051 0.91 (0.72–1.15) 0.423

City/town 0.75 (0.58–0.98) 0.037 1.13 (0.81–1.56) 0.466 0.87 (0.68–1.10) 0.241

Level of education

Primary or less 1 1 1

Secondary 0.60 (0.46–0.79) 0.000 0.43 (0.32–0.59) 0.000 0.42 (0.33–0.54) 0.000

University 0.43 (0.32–0.59) 0.000 0.29 (0.20–0.43) 0.000 0.33 (0.25–0.45) 0.000

Family income

0–1000 € 1 1 1

1001–2000 € 0.78 (0.57–1.06) 0.111 0.70 (0.49–0.99) 0.046 0.66 (0.49–0.88) 0.004

�2000 € 0.78 (0.55–1.11) 0.169 0.43 (0.27–0.67) 0.000 0.50 (0.36–0.69) 0.000

No answer (%) 0.69 (0.49–0.97) 0.034 0.67 (0.46–0.99) 0.047 0.48 (0.35–0.65) 0.000

Immigrant population

No 1 1 1

Yes 0.96 (0.62–1.50) 0.858 0.98 (0.57–1.66) 0.932 1.09 (0.73–1.63) 0.667

Rate of unemployment

No 1 1 1

Yes 1.20 (0.92–1.57) 0.185 1.48 (1.09–2.02) 0.013 1.59 (1.24–2.05) 0.000

Smoking status

Non smoker 1 1 1

Smoker 0.99 (0.79–1.24) 0.943 0.84 (0.64–1.11) 0.215 1.01 (0.82–1.24) 0.913

Vigorous physical activity

<75 min/wk 1 1 1

75–149 min/wk 0.66 (0.43–1.00) 0.050 0.29 (0.15–0.55) 0.000 0.54 (0.37–0.79) 0.002

150–299 min/wk 0.73 (0.52–1.04) 0.081 0.42 (0.26–0.67) 0.000 0.59 (0.43–0.80) 0.001

�300 min/wk 0.90 (0.68–1.18) 0.433 0.37 (0.25–0.55) 0.000 0.59 (0.46–0.76) 0.000

Moderate-vigorous physical activity

<150 min/wk 1 1 1

150–300 min/wk 0.69 (0.48–1.01) 0.058 0.64 (0.42–0.97) 0.036 0.63 (0.45–0.87) 0.006

�300 min/wk 0.94 (0.73–1.23) 0.670 0.56 (0.42–0.76) 0.000 0.74 (0.58–0.93) 0.011

Time watching TV

Never or almost never 1 1 1

(Continued )
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appetite and consequently reduces food intake [30]. This process likely explains why smokers

tend to decrease body weight, and why smoking cessation is frequently followed by weight

gain. As a result, one of the barriers to quitting is the fear of gaining weight [31].

Physical activity is a key determinant of energy expenditure. Adults over 18 years should

perform at least 150 min/week of moderate-intensity aerobic PA or at least 75 min/week of

vigorous-intensity aerobic PA, or an equivalent combination of MVPA [18]. Recently, it has

been shown that in Spain, 27% of the adult population did not meet international recommen-

dations regarding PA, and 20.1% of adults never performed MVPA [19]. Our data suggest that

VPA may have a greater effect on preventing obesity than PA of lower intensity, since MVPA

was not associated with the prevalence of OB. In addition, more than 75 min/week of VPA

was associated with a lower risk of OB, while more than 150 min/week (vs. less than 75 min/

week) was associated with lower risk of OW or AO. It is possible that some people in our study

who performed between 75 and 150 min/week of VPA were classified as OW, although actu-

ally they did not have excess body fat. Therefore, BMI alone is not an indicator of body compo-

sition and that 15.0% of our population who were OW had a WHtR<0.5 [2]. Regarding AO,

our results suggest that performing less than 150 min/week may not be enough to prevent cen-

tral adiposity, agreeing with other authors who indicate that it is necessary to devote between

150 and 250 min/week of moderate intensity PA to prevent weight gain effectively [32].

The sedentary behavior of watching television is the most commonly reported daily activity

during leisure time [33]. In our study, the higher self-perceived frequency of watching televi-

sion was associated with a higher risk of OB and AO. The association is higher for AO, since

watching television "with some frequency" and more is a significant risk of OA, while the risk

of OB was observed with watching television "quite frequently" and more (Table 3). These

results agree with those observed in other studies that have described the increased risk of OW

and OB [34,35] or AO [35,36] in adults with increasing time watching television. Watching

television may contribute to obesity via promotion of sedentary behavior and exposure to

food-related commercials and other programs that encourage more eating [35,37].

In our study, frequency of watching television is a risk factor for OB and AO, independent

of VPA and MVPA, as suggested by other studies in adults [34,36]. Mansoubi et al. [38] sug-

gested that sedentary behaviors, like watching television, may displace time spent in light

intensity activities that involve standing and light ambulation, but not in MVPA, which is

Table 2. (Continued)

Overweight Obesity Abdominal obesity

25�BMI<30 kg/m2 BMI�30 kg/m2 WHtR�0.5

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

Low frequency 0.90 (0.47–1.69) 0.734 1.12 (0.39–3.22) 0.830 1.12 (0.62–2.04) 0.700

Frequently 1.14 (0.62–2.10) 0.677 2.01 (0.74–5.46) 0.170 1.50 (0.84–2.65) 0.168

Quite often 1.32 (0.73–2.38) 0.352 3.29 (1.25–8.65) 0.016 1.93 (1.11–3.34) 0.020

Very often 1.52 (0.83–2.78) 0.173 4.15 (1.56–10.99) 0.004 2.22 (1.26–3.89) 0.006

Sleep time

<7 h/day 1 1 1

7–8 h/day 0.81 (0.59–1.12) 0.202 0.56 (0.38–0.80) 0.002 0.53 (0.39–0.72) 0.000

�8 h/day 0.69 (0.51–0.93) 0.016 0.49 (0.35–0.69) 0.000 0.45 (0.34–0.60) 0.000

BMI: Body mass index, WHtR: Waist to height ratio; OR: crude odds ratio. The reference category for overweight and obesity is BMI <25 kg/m2, and for

abdominal obesity is WHtR <0.5.
a Habitat size: rural populations: 2,000–30,000; semi-urban: 30,000–200,000; urban population: over 200,000 inhabitants.

doi:10.1371/journal.pone.0169027.t002
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Table 3. Association of socio-demographic and lifestyle factors on prevalence of overweight, general and abdominal obesity in Spanish adults.

Multivariate regression analysis.

Overweight Obesity Abdominal obesity

25�BMI<30 kg/m2 BMI�30 kg/m2 WHtR�0,5

AOR (95% CI) p AOR (95% CI) p AOR (95% CI) p

Sex

Women 1 1 1

Men 2.12 (1.62–2.78) 0.000 2.38 (1.70–3.35) 0.000 2.24 (1.73–2.91) 0.000

Age

18–40 y 1 1 1

41–65 y 2.21 (1.72–2.84) 0.000 3.12 (2.27–4.28) 0.000 4.11 (3.23–5.23) 0.000

Region

South 1 1 1

Central 0.80 (0.56–1.13) 0.203 0.81 (0.51–1.30) 0.388 0.89 (0.64–1.26) 0.516

Atlantic 0.78 (0.53–1.13) 0.186 0.76 (0.46–1.28) 0.305 0.64 (0.45–0.92) 0.017

Mediterranean 0.89 (0.65–1.23) 0.490 1.19 (0.78–1.80) 0.424 0.79 (0.58–1.07) 0.130

Habitat size a

Rural 1 1 1

Semi-urban 0.92 (0.69–1.24) 0.600 1.25 (0.85–1.83) 0.260 0.80 (0.61–1.06) 0.124

City/town 0.78 (0.57–1.05) 0.103 1.14 (0.77–1.71) 0.509 0.81 (0.60–1.08) 0.154

Level of education

Primary or less 1 1 1

Secondary 0.74 (0.54–1.01) 0.055 0.56 (0.38–0.81) 0.002 0.59 (0.44–0.80) 0.001

University 0.59 (0.41–0.85) 0.005 0.41 (0.25–0.65) 0.000 0.55 (0.39–0.78) 0.001

Family income

0–1000 € 1 1 1

1001–2000 € 1.00 (0.70–1.43) 0.998 1.11 (0.71–1.75) 0.643 0.88 (0.62–1.25) 0.467

�2000 € 1.05 (0.69–1.59) 0.833 0.72 (0.41–1.26) 0.250 0.70 (0.47–1.06) 0.091

No answer 0.86 (0.58–1.29) 0.471 0.98 (0.60–1.62) 0.947 0.61 (0.41–0.90) 0.012

Immigrant population

No 1 1 1

Yes 0.92 (0.57–1.49) 0.740 0.74 (0.40–1.37) 0.339 1.00 (0.64–1.58) 0.989

Rate of unemployment

No 1 1 1

Yes 0.78 (0.56–1.08) 0.140 1.05 (0.71–1.56) 0.798 1.03 (0.76–1.41) 0.836

Smoking status

Non smoker 1 1 1

Smoker 0.81 (0.63–1.05) 0.112 0.60 (0.42–0.84) 0.003 0.72 (0.56–0.92) 0.009

Vigorous physical activity

<75 min/wk 1 1 1

75–149 min/wk 0.72 (0.44–1.16) 0.178 0.43 (0.21–0.87) 0.019 0.73 (0.46–1.17) 0.190

150–299 min/wk 0.64 (0.42–0.96) 0.032 0.39 (0.22–0.69) 0.001 0.55 (0.37–0.81) 0.003

�300 min/wk 0.66 (0.46–0.96) 0.029 0.31 (0.18–0.54) 0.000 0.48 (0.34–0.70) 0.000

Moderate-vigorous physical activity

<150 min/wk 1 1 1

150–300 min/wk 0.79 (0.52–1.21) 0.279 1.16 (0.70–1.92) 0.564 0.88 (0.60–1.31) 0.540

�300 min/wk 1.24 (0.88–1.74) 0.219 1.07 (0.71–1.61) 0.735 1.10 (0.80–1.52) 0.561

Time watching TV

Never or almost never 1 1 1

(Continued )
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likely to be more structured. Furthermore, it is worth mentioning that out of the different

types of sedentary behavior (computer use, reading, listening to radio/music and other type of

relaxation. . .), TV viewing seem to be the most consistently associated with adiposity markers

in adults despite the co-existence of several other confounding factors (diet, smoking, PA, SES

or genetic predisposition) [35]; Therefore, according with our results, it seems advisable to

increase levels of total PA, which include light intensity PA, and decrease sedentary behavior

including screen time to prevent AO and OB.

Sleep is also an important lifestyle factor that influences health. In our study, sleeping more

than 7 h/day was associated with a lower risk of OB and AO, and the risk was even lower sleep-

ing more than 8 h/day. These data agree with other studies that found an association between

shorter sleeping time and the risk of OB [7] and AO [8]. However, results of other studies that

have considered other indicators of AO are controversial [26]; the association between sleep

and obesity may be more linear in young adults and weaker in older adults [39]. Some of the

proposed mechanisms to explain the relationship between sleep and obesity suggest that lower

levels of leptin and elevated ghrelin associated with shorter sleep [40] can stimulate appetite

and cause weight gain [41].

This paper presents results of objective measures of weight, height and waist circumference

along with indicators of socioeconomic status and lifestyle. The sample included 1655 individ-

uals aged 18 to 65 years, and it is representative of the Spanish general population. Our data

were collected in late 2013, providing new epidemiological data after 5 years of the economic

downturn that began in 2008. Data collectors were trained rigorously to ensure the quality of

data collection. Height, weight and waist were measured, not self-reported, which is a more

accurate assessment procedure that strengthens the data. One of the strengths of our study is

using WHtR to assess AO. Other studies in Spain have used WC to assess abdominal adiposity

[22], but there is evidence that the WHtR may be a more accurate diagnostic tool for obesity-

related chronic diseases than BMI or waist circumference because it more accurately charac-

terizes adiposity [16]. There are few studies in Spain focused on the influence of SES level, PA

or sleep on AO that include WHtR as an indicator of AO [24].

Our study has some limitations. This was a cross-sectional study. Therefore, the associations

reported cannot be identified and/or can only be interpreted as hypothetical causal relations.

Associations between SES level, PA or sleep and body weight may be due to influences of

Table 3. (Continued)

Overweight Obesity Abdominal obesity

25�BMI<30 kg/m2 BMI�30 kg/m2 WHtR�0,5

AOR (95% CI) p AOR (95% CI) p AOR (95% CI) p

Low frequency 1.16 (0.58–2.32) 0.681 1.51 (0.48–4.77) 0.481 1.83 (0.92–3.64) 0.084

Frequently 1.28 (0.66–2.49) 0.468 2.09 (0.71–6.17) 0.181 2.15 (1.12–4.15) 0.022

Quite often 1.53 (0.80–2.91) 0.197 3.33 (1.17–9.45) 0.024 2.76 (1.46–5.21) 0.002

Very often 1.74 (0.89–3.38) 0.105 4.92 (1.70–14.23) 0.003 3.22 (1.67–6.19) 0.000

Sleep time

<7 h/day 1 1 1

7–8 h/day 0.87 (0.62–1.23) 0.443 0.60 (0.39–0.93) 0.022 0.54 (0.39–0.76) 0.000

�8 h/day 0.77 (0.56–1.08) 0.128 0.51 (0.34–0.77) 0.001 0.48 (0.34–0.66) 0.000

Abbreviations: BMI: Body mass index, WHtR: Waist to height ratio; AOR: Odds ratio adjusted for all other variables in the table. The reference category for

overweight and obesity is BMI <25 kg/m2, and for abdominal obesity is WHtR <0.5.
a Habitat size: rural populations: 2,000–30,000; semi-urban: 30,000–200,000; urban population: over 200,000 inhabitants.

doi:10.1371/journal.pone.0169027.t003
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obesity leading to a lower SES (less access to educational benefits, employment, social relations,

etc.), lower PA level, or sleep problems. No exact information about different sedentary behav-

iours was asked because when the study was designed there was not a validated questionnaire

of sedentary habits in adults with good reliability. Furthermore, time expend watching TV was

described very generally and the exact time spend on this activity was not recorded. This study

has not analyzed the association of diet, which is the subject of another investigation. The ques-

tionnaire, with self-reported questions, might have introduced some recall bias. The PA

assessed by the IPAQ might be overestimated, although it is a validated questionnaire [17].

Our results show that in Spain, being male, older than 40 years, and watching TV quite or

very often are associated with higher risk of OB and AO, while a higher level of education,

being a smoker, spending more time in VPA, and sleeping more than 7 h/day are associated

with a lower risk. Strategies for preventing and reducing OB and AO should consider improv-

ing sleeping habits and PA (increasing time in VPA and decreasing time in very sedentary

activities). In addition, the strategies should also pay more attention to the most vulnerable

groups such as those less educated.
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Association between sleeping hours and siesta and the risk of obesity: the SUN Mediterranean Cohort.

Obes Facts 2013; 6: 337–347. doi: 10.1159/000354746 PMID: 23970143

8. Sperry SD, Scully ID, Gramzow RH, Jorgensen RS. Sleep duration and waist circumference in adults: a

meta-analysis. Sleep 2015; 38: 1269–1276. doi: 10.5665/sleep.4906 PMID: 25581918

9. Lv J, Chen W, Sun D, Li S, Millwood IY, Smith M, et al., China Kadoorie Biobank collaborative group.

Gender-specific association between tobacco smoking and central obesity among 0.5 million Chinese

people: the China Kadoorie Biobank Study. PLoS One 2015; 10: e0124586. doi: 10.1371/journal.pone.

0124586 PMID: 25897789

10. Filippidis FT, Schoretsaniti S, Dimitrakaki C, Vardavas CI, Behrakis P, Connolly GN, et al. Trends in car-

diovascular risk factors in Greece before and during the financial crisis: the impact of social disparities.

Eur J Public Health 2014; 24: 974–979. doi: 10.1093/eurpub/cku028 PMID: 24614651

11. Lallukka T, Ferrie JE, Kivimaki M, Shipley MJ, Rahkonen O, Lahelma E. Economic difficulties and sub-

sequent sleep problems: evidence from British and Finnish occupational cohorts. Sleep Med. 2012; 13:

680–685. doi: 10.1016/j.sleep.2011.10.036 PMID: 22445231
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activity patterns of the Spanish population are mostly determined by sex and age: findings in the

ANIBES Study. PLoS One 2016; 11: e0149969. doi: 10.1371/journal.pone.0149969 PMID: 26914609

20. Comitato R, Saba A, Turrini A, Arganini C, Virgili F. Sex hormones and macronutrient metabolism. Crit

Rev Food Sci Nutr. 2015; 55: 227–241. doi: 10.1080/10408398.2011.651177 PMID: 24915409
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D, et al. Contribution of lifestyle factors to educational differences in abdominal obesity among the adult

population. Clin Nutr. 2014; 33: 836–843. doi: 10.1016/j.clnu.2013.10.013 PMID: 24183662

27. Czernichow S, Bertrais S, Preziosi P, Galan P, Hercberg S, Oppert JM, Su Vi Max study. Indicators of

abdominal adiposity in middle-aged participants of the SU.VI.MAX study: relationships with educational

level, smoking status and physical inactivity. Diabetes Metab. 2004; 30: 153–159. PMID: 15223987

Associated Factors of Obesity in Spanish Adults

PLOS ONE | DOI:10.1371/journal.pone.0169027 December 29, 2016 12 / 13

http://dx.doi.org/10.1159/000354746
http://www.ncbi.nlm.nih.gov/pubmed/23970143
http://dx.doi.org/10.5665/sleep.4906
http://www.ncbi.nlm.nih.gov/pubmed/25581918
http://dx.doi.org/10.1371/journal.pone.0124586
http://dx.doi.org/10.1371/journal.pone.0124586
http://www.ncbi.nlm.nih.gov/pubmed/25897789
http://dx.doi.org/10.1093/eurpub/cku028
http://www.ncbi.nlm.nih.gov/pubmed/24614651
http://dx.doi.org/10.1016/j.sleep.2011.10.036
http://www.ncbi.nlm.nih.gov/pubmed/22445231
http://dx.doi.org/10.3390/nu7020970
http://www.ncbi.nlm.nih.gov/pubmed/25658237
http://dx.doi.org/10.1371/journal.pone.0149969
http://www.ncbi.nlm.nih.gov/pubmed/26914609
http://dx.doi.org/10.1080/10408398.2011.651177
http://www.ncbi.nlm.nih.gov/pubmed/24915409
http://dx.doi.org/10.1155/2013/163687
http://www.ncbi.nlm.nih.gov/pubmed/24089663
http://dx.doi.org/10.1111/j.1467-789X.2011.00964.x
http://www.ncbi.nlm.nih.gov/pubmed/22151906
http://dx.doi.org/10.1079/PHN2002416
http://dx.doi.org/10.1079/PHN2002416
http://www.ncbi.nlm.nih.gov/pubmed/12675962
http://dx.doi.org/10.1159/000435826
http://www.ncbi.nlm.nih.gov/pubmed/26159577
http://dx.doi.org/10.1186/1471-2458-9-215
http://www.ncbi.nlm.nih.gov/pubmed/19573222
http://dx.doi.org/10.1016/j.clnu.2013.10.013
http://www.ncbi.nlm.nih.gov/pubmed/24183662
http://www.ncbi.nlm.nih.gov/pubmed/15223987


28. Ogna A, Forni Ogna V, Bochud M, Paccaud F, Gabutti L, Burnier M, Swiss Survey on Salt Group. Prev-

alence of obesity and overweight and associated nutritional factors in a population-based Swiss sample:

an opportunity to analyze the impact of three different European cultural roots. Eur J Nutr. 2014; 53:

1281–1290. doi: 10.1007/s00394-013-0643-2 PMID: 24374796

29. Hou X, Qiu J, Chen P, Lu J, Ma X, Lu J, Weng J, et al. China National Diabetes Metabolic Disorders

Study Group. Cigarette smoking is associated with a lower prevalence of newly diagnosed diabetes

screened by OGTT than non-smoking in Chinese men with normal weight. PLoS One 2016; 11:

e0149234. doi: 10.1371/journal.pone.0149234 PMID: 26954355

30. Audrain-McGovern J, Benowitz NL. Cigarette smoking, nicotine, and body weight. Clin Pharmacol Ther

2011; 90: 164–168. doi: 10.1038/clpt.2011.105 PMID: 21633341

31. Luostarinen M, Tuovinen EL, Saarni SE, Kinnunen T, Hukkinen M, Haukkala A, et al. Weight concerns

among Finnish ever-smokers: a population-based study. Nicotine Tob Res 2013; 15: 1696–1704. doi:

10.1093/ntr/ntt043 PMID: 23547276

32. Moholdt T, Wisloff U, Lydersen S, Nauman J. Current physical activity guidelines for health are insuffi-

cient to mitigate long-term weight gain: more data in the fitness versus fatness debate (The HUNT

study, Norway). Br J Sports Med. 2014; 48: 1489–1496. doi: 10.1136/bjsports-2014-093416 PMID:

24782484

33. Grontved A, Hu FB. Television viewing and risk of type 2 diabetes, cardiovascular disease, and all-

cause mortality: a meta-analysis. JAMA 2011; 305: 2448–2455. doi: 10.1001/jama.2011.812 PMID:

21673296

34. Liao Y, Harada K, Shibata A, Ishii K, Oka K, Nakamura Y, et al. Joint associations of physical activity

and screen time with overweight among Japanese adults. Int J Behav Nutr Phys Act. 2011; 8: 131. doi:

10.1186/1479-5868-8-131 PMID: 22128879

35. Heinonen I, Helajärvi H, Pahkala K, Heinonen OJ, Hirvensalo M, Pälve K, et al. Sedentary behaviours

and obesity in adults: the Cardiovascular Risk in Young Finns Study. BMJ Open. 2013; 3: 1–12.

36. Healy GN, Dunstan DW, Salmon J, Shaw JE, Zimmet PZ, Owen N. Television time and continuous met-

abolic risk in physically active adults. Med Sci Sports Exerc 2008; 40: 639–645. doi: 10.1249/MSS.

0b013e3181607421 PMID: 18317383

37. Rosiek A, Maciejewska NF, Leksowski K, Rosiek-Kryszewska A, Leksowski L. Effect of television on

obesity and excess of weight and consequences of health. Int J Environ Res Public Health 2015; 12:

9408–9426. doi: 10.3390/ijerph120809408 PMID: 26274965

38. Mansoubi M, Pearson N, Biddle SJ, Clemes S. The relationship between sedentary behaviour and

physical activity in adults: a systematic review. Prev Med. 2014; 69: 28–35. doi: 10.1016/j.ypmed.2014.

08.028 PMID: 25193005

39. Grandner MA, Schopfer EA, Sands-Lincoln M, Jackson N, Malhotra A. Relationship between sleep

duration and body mass index depends on age. Obesity (Silver Spring) 2015; 23: 2491–2498.

40. Taheri S, Lin L, Austin D, Young T, Mignot E. Short sleep duration is associated with reduced leptin, ele-

vated ghrelin, and increased body mass index. PLoS Med. 2004; 1: e62. doi: 10.1371/journal.pmed.

0010062 PMID: 15602591

41. Cummings DE, Foster KE. Ghrelin-leptin tango in body-weight regulation. Gastroenterology 2003; 124:

1532–1535. PMID: 12730891

Associated Factors of Obesity in Spanish Adults

PLOS ONE | DOI:10.1371/journal.pone.0169027 December 29, 2016 13 / 13

http://dx.doi.org/10.1007/s00394-013-0643-2
http://www.ncbi.nlm.nih.gov/pubmed/24374796
http://dx.doi.org/10.1371/journal.pone.0149234
http://www.ncbi.nlm.nih.gov/pubmed/26954355
http://dx.doi.org/10.1038/clpt.2011.105
http://www.ncbi.nlm.nih.gov/pubmed/21633341
http://dx.doi.org/10.1093/ntr/ntt043
http://www.ncbi.nlm.nih.gov/pubmed/23547276
http://dx.doi.org/10.1136/bjsports-2014-093416
http://www.ncbi.nlm.nih.gov/pubmed/24782484
http://dx.doi.org/10.1001/jama.2011.812
http://www.ncbi.nlm.nih.gov/pubmed/21673296
http://dx.doi.org/10.1186/1479-5868-8-131
http://www.ncbi.nlm.nih.gov/pubmed/22128879
http://dx.doi.org/10.1249/MSS.0b013e3181607421
http://dx.doi.org/10.1249/MSS.0b013e3181607421
http://www.ncbi.nlm.nih.gov/pubmed/18317383
http://dx.doi.org/10.3390/ijerph120809408
http://www.ncbi.nlm.nih.gov/pubmed/26274965
http://dx.doi.org/10.1016/j.ypmed.2014.08.028
http://dx.doi.org/10.1016/j.ypmed.2014.08.028
http://www.ncbi.nlm.nih.gov/pubmed/25193005
http://dx.doi.org/10.1371/journal.pmed.0010062
http://dx.doi.org/10.1371/journal.pmed.0010062
http://www.ncbi.nlm.nih.gov/pubmed/15602591
http://www.ncbi.nlm.nih.gov/pubmed/12730891

