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Objective. To provide overall and central obesity incidence estimates by gender, age and educational
level in an urban Portuguese population.

Methods. As part of the EPIPorto study, 1,621 Porto, Portugal adult residents were evaluated in 1999–2003
and 2005–2008. Overall obesity was defined by a BMI ≥30.0 kg/m2 and central obesity by a WC N88.0 cm in
women and N102.0 cm inmen. Relative risks (RR) and 95% confidence intervals (95% CI)were computed using
Poisson regression. Survival analysis was also performed.

Results. The age-adjusted incidence rates/100 person-years of overall and central obesity were,
respectively, 1.70, 95% CI: 1.34–2.19 and 5.97, 95% CI: 5.09–7.03 in women; 1.08, 95% CI: 0.73–1.64 and

2.38, 95% CI: 1.81–3.20 inmen. Inmultivariate analysis, older women presented a higher risk of overall obesity.
Moreover, a significant inverse association was found between obesity and education in women (N11 vs.
b5 years: RR=0.43, 95% CI: 0.22–0.84, for overall obesity; RR=0.45 95% CI: 0.29–0.69, for central obesity). For
overall obesity, 10.1% of women and 5.1% of men became obese during the 5-year study period. Higher
proportions were observed regarding central obesity, 29.1% and 11.4% for women and men, respectively.

Conclusions. Over time, individuals developed central obesity faster than overall obesity. Our results
support that increasing levels of education limit this ongoing development of obesity, particularly among
women.
© 2009 Elsevier Inc. All rights reserved.
Introduction

Obesity is a serious worldwide public health concern (Ogden et al.,
2007). Rapidly increasing prevalence trends were observed in the
United States (Ogden et al., 2006) and in Europe (Berghofer et al.,
2008). The highest European prevalences, defined as those greater
than 25%, were found in both sexes in Italy and Spain as well as in
women in Portugal, Poland, the Czech Republic, Romania and Albania
(Berghofer et al., 2008).

The single National Portuguese survey of adults aged 18 to 64 years
based on reliable and objective height and weight measurements
indicates that overall overweight/obesity prevalence increased from
49.6% in 1995–1998 to 53.6% in 2003–2005 (Carmo et al., 2008).

Studies describing the prevalence of obesity in adults have been
limited primarily to BMI, with less information available regarding
abdominal adiposity measured by waist circumference (WC)
(Formiguera and Canton, 2004). Nevertheless, central obesity is
also an independent risk factor for cardiovascular disease (Bergman
et al., 2007). In fact, central obesity is one of the most prevalent
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features of the metabolic syndrome in our population, affecting 23.9%
of the subjects (27.0% of women and 19.1% of men) (Santos et al.,
2005). However, in Portugal there is no longitudinal data onBMI orWC
allowing the evaluation of total or central obesity incidence. Also,
worldwide longitudinal analyses are scarce (Gonzalez-Villalpando
et al., 2003, Nemesure et al., 2007, Williamson et al., 1990, 1991),
emphasizing the relevance of providing obesity incidence evidence.

Although several obesity determinants have been analyzed and
prevalence estimates are well known, there is a clear need to explore
longitudinal data, namely, the incidence of central obesity at the
population level, which will support future public health inter-
ventions. Using a representative sample of urban adults and
considering objective measurements of BMI and WC, this study will
provide the first obesity incidence estimates by gender, age and
educational level in Portugal.

Methods

Subjects

Participants are part of a cohort study, the EPIPorto study, that comprises
a representative sample of 2,485 Portuguese adults (61.8% women) aged 18
to 92 years residing in Porto, an urban center in northwest Portugal. The
baseline evaluation was conducted during 1999–2003, and the re-evaluation
of the cohort during 2005–2008.
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Table 1
Overall and central obesity incidence, by gender. EPIPorto study, Portugal, 1999-2008.

n Events Person-timea Incidence rate
(95% CI)b

Incidence rate
(95% CI)c

Overall obesityd

Women 748 70 3582.0 1.95 (1.54–2.47) 1.70 (1.34–2.19)
Men 524 30 2589.5 1.15 (0.81–1.65) 1.08 (0.73–1.64)

Central obesitye

Women 607 169 2595.3 6.51 (5.60–7.57) 5.97 (5.09–7.03)
Men 516 60 2455.4 2.44 (1.89–3.14) 2.38 (1.81–3.20)

a Time determined by linear interpolation using information from the visit at which
obesity was ascertained and the previous visit for incident cases.

b Incident rates per 100 person-years.
c Standardized for age (Porto population as reference).
d Overall Obesity: BMI ≥30.0 kg/m2.
e Central obesity: WCN88 cm for women and WCN102 cm for men.
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As previously described (Ramos et al., 2004), participants were recruited
by random digit dialing using households as the sampling unit. The local
ethics committee approved the study protocol. All participants gave informed
written consent to participate in the study, which was carried out in
accordance with the Helsinki Declaration.

Regarding the cross-sectional evaluation, a participation proportion of
70.0% was achieved (Ramos et al., 2004) and 66.1% of the total cohort was re-
evaluated. The present analysis included a final sample of 1,621 individuals,
with two anthropometry evaluations (5-year study period). In comparison
with the individuals who did not participate in the follow-up evaluation (818
subjects), participants (vs. refusals) had a similar age (52.5 vs. 53.6 mean
years, p=0.096), baseline BMI (26.8 vs. 26.8, kg/m2, p=0.617) and
equivalent gender distribution (proportion of women: 62.4% vs. 60.3%,
p=0.439). Significant differences between groups were found for education
level (8.8 vs. 8.0 mean years, pb0.001).

Data collection

Study participants were invited to visit the University of Porto Medical
School's Department of Hygiene and Epidemiology to be evaluated.
Information was collected by trained interviewers using structured ques-
tionnaires comprising questions on social, demographic, personal and family
medical history and behavioral characteristics (physical activity and diet)
(Camões et al., 2009, Lopes et al., 2007). Anthropometrics were obtained with
the participant wearing light clothing and no footwear and after 12 h of
fasting. Body weight was measured to the nearest 0.1 kg using a digital scale,
and height was measured to the nearest centimeter in a standing position
using a wall stadiometer. WC was evaluated on the midway between the
lower limit of the rib cage and the iliac crest to the nearest centimeter, with a
flexible and non-distendable tape avoiding exertion of pressure on the tissues
and with the subject standing.

Obesity definitions

Overall obesity was defined by BMI, and participants were classified as
underweight to normal weight (BMI b25.0 kg/m2), overweight (BMI,
25.0–29.9 kg/m2) or obese (BMI ≥30.0 kg/m2) according to the World
Health Organization's (WHO) categories and nomenclature (Guidelines,
1998). Due to the small sample size of the underweight category [(BMI
b18.5 kg/m2) (n=26)], data from this group were pooled with normal
weight individuals.

Central obesity was defined by WC, and individuals with central obesity
were classified according to the WHO criteria (Guidelines, 1998): WC higher
than 102 cm for men and 88 cm for women.

Statistical analysis

Sex stratified incidence rates (IR) were reported per 100 person-years
with respective 95% confidence intervals (95% CI). Direct standardization for
age was done based on overall and central obesity incidence using the adult
population of Porto as the standard.

To calculate IR, subjects classified as obese at the baseline evaluation were
excluded (n=349, those with a BMI ≥30.0 kg/m2 and n=494, those whose
WCwas higher than 88 cm for women, or 102 cm for men). Themean of years
between evaluations for individuals at risk of obesity was 5.0 (standard
deviation=2.5; min.=1.0, max.=10.9). For individuals who did not develop
overall or central obesity, the time at risk was considered as the total time
between evaluations. For incident cases, the time to obesity was estimated as
the time at which BMI reached 30.0 kg/m2 or WC reached 88 cm in women
and 102 cm in men, determined by linear interpolation using time
information from the visit at which obesity was determined and the previous
visit.

To estimate the magnitude of the association between obesity and
sociodemographic characteristics, relative risks (RR) and 95% CI were
computed using Poisson regression. Cumulative hazard of the individual
outcome was computed using Kaplan–Meier curves and Cox proportional
hazards models; a log-rank test was used to compare the survival
distributions (i.e., obesity IR) between groups. Leisure-time physical activity
(MET⁎h/day) and total energy intake (kcal/day) entered as continuous
variables in the Poisson models and in the survival analysis to adjust the
incidence estimates. All statistical analyses were conducted using STATA®

version 9.0.
Results

Within the 1,272 individuals classified as non-obese at baseline,
100 became obese (70.0%women) during the study's follow-up. Out of
the 100 cases of overall obesity identified, 5.0% had a BMI≤24.9 kg/m2

at the baseline, and all subjectswerewomen (data not shown). Among
subjects with normal WC at baseline (n=1123), 229 developed
central obesity (73.8% women). After standardization for age, IR were
consistently higher among women: 1.70 (95% CI: 1.34–2.19) vs.1.08
(95% CI: 0.73–1.64) for overall obesity and 6.51 (95% CI: 5.60–7.57) vs.
2.44 (95% CI: 1.89–3.14) for central obesity (Table 1).

In both sexes, overall obesity IR increased with increasing age
categories; however, significant trends of the IR by age categories
were only observed among women (p for trend, 0.015). After
adjustment (RRadj), age was a determinant in developing overall
obesity in women. Subjects older than 64 years had significantly more
risk of becoming obese compared to younger subjects (RRadj=3.39,
95% CI: 1.43–8.00) (Table 2).

On the other hand, IR of overall obesity declined with increasing
educational level. A significant inverse association between overall
obesity incidence and education was observed only in women, with a
significant trend according to increasing education categories (RRadj=
1 (ref.), 0.53 (0.29–0.96), 0.43 (0.22–0.84), p for trend=0.023).

Older individuals of both genders presented higher IR of central
obesity compared with the younger ones. After adjustment, the
positive association between central obesity incidence and age only
remained statistically significant among men. As in overall obesity,
educational level proved to be a strong determinant of central obesity
incidence, but only among women (p for trend, 0.004). Independently
of age, total energy intake and leisure-time physical activity, women
with more than 11 years of education had a significantly lower risk of
developing central obesity (RRadj=0.45, 95% CI: 0.29–0.79) com-
paredwith less educatedwomen (b5 years). In contrast, no significant
associations were observed in men. A gender effect of education on
central obesity was found (p for interaction, 0.017) (Table 3).

Kaplan–Meier curves (Fig. 1) showed an increase of the cumula-
tive hazard for overall and central obesity incidence, significantly
different between sexes (overall obesity (p=0.016) and central
obesity (pb0.001)). This increase was markedly steeper in central
obesity. For overall obesity, among those individuals at risk, 10.1% of
women and 5.1% of men became obese at 5 years of follow-up. Higher
rates for central obesity, during the same period, were observed, 29.1%
in women and 11.4% in men. After adjustment for age, education, total
energy intake and leisure-time physical activity the same increasing
trend was observed for both overall and central obesity.

Discussion

EPIPorto study provides reliable new information at the popula-
tion level on overall and central obesity incidence stratified by sex, age



Table 2
Overall obesity incidence by demographic characteristics at baseline, by gender. EPIPorto study, Portugal, 1999–2008.

Overall obesitya

n Events Person-timeb Incidence rate (95% CI)c Crude RR (95% CI) Adjusted RR (95% CI)d

Women
Age (years)
18–44 254 10 1080.2 0.92 (0.49–1.72) 1 (ref.) 1 (ref.)
45–64 345 37 1844.9 2.00 (1.45–2.76) 2.16 (1.07–4.35) 1.76 (0.83–3.72)
≥65 149 23 656.9 3.50 (2.32–5.26) 3.78 (1.80–7.94) 3.39 (1.43–8.00)

p for trend 0.001 0.015
Education (years)
b5 246 40 1188.0 3.36 (2.46–4.59) 1 (ref.) 1 (ref.)
5–11 206 16 1029.1 1.55 (0.95–2.53) 0.46 (0.25–0.82) 0.53 (0.29–0.96)
N11 296 14 1364.8 1.02 (0.60–1.73) 0.30 (0.16–0.55) 0.43 (0.22–0.84)

p for trend b0.001 0.023

Men
Age (years)
18–44 152 4 652.1 0.61 (0.23–1.63) 1 (ref.) 1 (ref.)
45–64 248 17 1343.2 1.26 (0.78–2.03) 2.06 (0.69–6.13) 1.77 (0.57–5.45)
≥65 124 9 594.1 1.51 (0.78–2.91) 2.46 (0.76–8.01) 1.82 (0.49–6.76)

p for trend 0.198 0.712
Education (years)
b5 154 12 789.1 1.52 (0.86–2.67) 1 (ref.) 1 (ref.)
5–11 180 11 890.9 1.23 (0.68–2.22) 0.81 (0.35–1.84) 0.93 (0.39–2.19)
N11 190 7 909.3 0.76 (0.36–1.61) 0.50 (0.19–1.28) 0.61 (0.22–1.66)

p for trend 0.092 0.164

a Overall obesity: BMI ≥30.0 kg/m2.
b Time determined by linear interpolation using time information from the visit at which obesity was ascertained and the previous visit for incident cases.
c Incident rates per 100 person-years.
d Adjusted for age, education, total energy intake (kcal/day) and leisure-time physical activity (MET⁎h/day).
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and educational level. Among women, we observed increased IR by
increasing age categories and an inverse trend by educational level. A
proportion of 29.1% of women and 11.4% of men developed excessive
abdominal fat over a 5-year period. In this study, individuals
developed central obesity faster than overall obesity, particularly
women.
Table 3
Central obesity incidence by demographic characteristics at baseline, by gender. EPIPorto s

Central obesitya

n Events Person-timeb Incide

Women
Age (years)
18–44 246 45 965.2 4.66
45–64 281 97 1342.6 7.22
≥65 80 27 287.4 9.39

p for trend
Education (years)
b5 163 69 676.2 10.20
5–11 172 55 749.5 7.33
N11 272 45 1169.5 3.84

p for trend

Men
Age (years)
18–44 157 10 665.3 1.50
45–64 245 36 1273.6 2.82
≥65 114 14 516.3 2.71

p for trend
Education (years)
b5 147 17 718.7 2.36
5–11 179 22 857.3 2.56
N11 190 21 879.2 2.38

p for trend

a Central obesity: WC N88 cm for women and WC N102 cm for men.
b Time determined by linear interpolation using time information from the visit at which
c Incident rates per 100 person-years.
d Adjusted for age, education, total energy intake (kcal/day) and leisure-time physical ac
Although it is well documented that obesity is continuing to rise,
most published reports have focused on cross-sectional data
(Berghofer et al., 2008, Flegal et al., 2002, Lewis et al., 2000, Mokdad
et al., 1999, Okosun et al., 2004, Williamson, 1993). The longitudinal
data from the present study provide the first incidence estimates for
obesity in Portugal, in which the prevalence of overweight and obesity
tudy, Portugal, 1999–2008.

nce rate (95% CI)c Crude RR (95% CI) Adjusted RR (95% CI)d

(3.48–6.24) 1 (ref.) 1 (ref.)
(5.92–8.81) 1.54 (1.08–2.20) 1.18 (0.80–1.75)
(6.44–13.69) 2.01 (1.25–3.24) 1.37 (0.77–2.42)

b0.001 0.073

(8.05–12.91) 1 (ref.) 1 (ref.)
(5.63–9.55) 0.71 (0.50–1.02) 0.79 (0.54–1.14)
(2.87–5.15) 0.37 (0.25–0.54) 0.45 (0.29–0.69)

b0.001 0.004

(0.80–2.79) 1 (ref.) 1 (ref.)
(2.03–3.91) 1.88 (0.93–3.78) 2.07 (1.00–4.28)
(1.60–4.57) 1.80 (0.80–4.06) 2.27 (0.92–5.59)

0.184 0.118

(1.47–3.80) 1 (ref.) 1 (ref.)
(1.68–3.89) 1.08 (0.57–2.04) 1.18 (0.61–2.28)
(1.55–3.66) 1.00 (0.53–1.91) 1.31 (0.65–2.60)

0.740 0.899

obesity was ascertained and the previous visit for incident cases.

tivity (MET⁎h/day).



Fig. 1. Survival analysis of overall and central obesity incidence, by gender. EPIPorto study, Portugal, 1999–2008. (A) Crude Kaplan–Meier curves; (B) Adjusted Kaplan–Meier curves
(age, education, total energy intake (kcal/day) and leisure-time physical activity (MET⁎h/day)).
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are known to be high (Carmo et al., 2008, Marques-Vidal and Dias,
2005, Santos and Barros, 2003).

Few studies (Balkau et al., 2003, Burke et al., 1996, Gonzalez-
Villalpando et al., 2003, Kahn et al., 1991, McTigue et al., 2002, Parikh
et al., 2007, Sheehan et al., 2003, Stevens et al., 1991, Vasan et al.,
2005, Williamson et al., 1991) have reported longitudinal changes in
BMI and WC. To our knowledge, in Europe, with the exception of the
French cohort study (Balkau et al., 2003), no longitudinal data on
obesity incidence were published gathering both BMI and WC
objective measurements.

Although comparisons between studiesmust bemadewith caution
due to the different age, sex and race distributions, as well as different
lengths of follow-up and height and weight assessment, it seems that
results from the present investigation were consistent with other
studies that described women as at higher risk of developing obesity
(Gonzalez-Villalpando et al., 2003, Ogden et al., 2007, Vasan et al.,
2005). The higher obesity rates observed among women as compared
with men could be mainly explained by differences in lifestyle and
sociodemographic variables. Our Portuguese population has a very
high prevalence of sedentarism, particularly amongwomen (Gal et al.,
2005), and women have significantly lower educational levels
compared with men. Additionally, we cannot exclude the possible
effect of genetics or physiologic factors on the observed sex
differences.

An analysis including American participants in the Framingham
Heart Study found that b1% of bothmen and womenwith normal BMI
at baseline developed obesity, and among overweight individuals
about 16% to 23% of women and 12% to 13% of men progressed to
obesity within 4 years (Vasan et al., 2005). With a similar follow-up
period, the proportions of change in our population were 1.3% of
women and 0% of men (normal BMI to obesity) and 17.8% of women
and 9.9% of men (overweight to obesity). Also, the 7-year incidence
study in a Mexican population aged 35 to 64 years (Gonzalez-
Villalpando et al., 2003) found that, among the 608 women at risk,
1.7% of those with normal BMI (≥18.5 and≤24.9 kg/m2) and 24.5% of
those who were overweight (≥25.0 and b30.0 kg/m2) at baseline
became obese within 7 years. The corresponding rates among the 521
men were 0% and 17.3%, respectively.

The mentioned French cohort of adults (Balkau et al., 2003),
described that over 3 years of follow-up, 7.4 and 4.4 person-years for
women and men, respectively, developed central obesity, using the
same thresholds of WC used in our study. The same study described
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WC as the most stable feature of metabolic syndrome (Balkau et al.,
2003). Once this abnormality is developed, 80% of individuals
persisted with abdominal obesity after 3 years of follow-up. WC
changes were also evaluated in a large population-based prospective
Mexican study (Gonzalez-Villalpando et al., 2003), but IR were not
presented. In a prospective cohort study in US adults (Stevens et al.,
1991), authors described that subjects increased in abdominal girth
over the 25 years (10.3 cm in the younger groups vs. 4.7 cm in the
older ones), and this increase was independently of BMI. Similar
alarming increase of the IR were observed among our adult
population, namely in females, with almost three times higher
incidence of central adiposity than men.

Independently of several confounders, education was a clear
determinant of developing obesity in women. More educated women
had more than 50% decreased risk of disease. These results confirm
cross-sectional data in three samples of Central and Eastern European
populations, which exhibited an inverse relation between the
prevalence of obesity and educational level (Pikhart et al., 2007).
The same inverse association was observed in a Portuguese survey
intended to obtain the national prevalence of obesity (Carmo et al.,
2008). In addition, in a representative sample of Montreal residents
(Moore et al., 2009), it was described that higher individual network
social capital is associated with a lower WC and BMI.

Data from a North American survey of nutrition and health showed
that the increased prevalence of obesity are currently more notable in
those individuals with a lower education level, and this tendency is
more accentuated among females (Jeffery and Utter, 2003). These
findings support our results, showing that obesity is clearly influenced
by socioeconomic factors, particularly among women. Various factors
would explain why there is a larger social gradient in obesity among
women than among men. It has been suggested that different social
and family pressures have a stronger effect on women of a higher
socioeconomic status (Rodriguez Artalejo et al., 2002).

A recent paper described that low socioeconomic and occupational
levels facilitate some unhealthy habits, such as high alcohol
consumption, sedentary lifestyles and food consumption patterns
that strays from the traditional Mediterranean diet, last of all
influencing the obesity epidemic, since they are the major behavioral
risk factors linked to obesity (Martin et al., 2008).

The prevalence of obesity in developing countries (Monteiro et al.,
2004) sustains that obesity can no longer be considered a problem of
higher socioeconomic groups. A gender modifying effect on the
association of education with central obesity was found in the present
study. Only in women educationwas inversely associatedwith central
obesity. We could hypothesize that the remarkably increased
cumulative hazard of central obesity over time, observed particularly
among women, is explained by the strong effect of education
observed but also by other non-socioeconomic factors, such as
physical activity and diet. However, after adjustment for such
variables the trend remained almost the same. This supports that
even other aspects of diet and physical activity or other social,
behavioral or genetic factors, not considered in the present analysis,
may play a significant role on central obesity incidence, which
deserves future research.

Measurement errors do not seem to be a limitation in this study
since the outcomes of interest (weight, height and WC) were
objectively measured, using standard procedures, by trained and
periodically supervised observers. Losses to follow-up due to death or
the inability to complete the study examination are inherent
problems in longitudinal studies and may have biased the results.
Despite of this, we found no differences in sex, age and BMI
distribution between the participants in the present study and
individuals who did not participate in the follow-up assessment,
although it should be noted that these subjects presented lower
educational levels. This fact could result in an underestimation of the
overall IR, but would not affect the incidence by education strata.
Conclusions

The present investigation is the first analysis of obesity incidence
in an urban Portuguese population. Individuals developed central
obesity (IR/100 person-years: 5.97 in women and 2.38 in men) faster
than overall obesity (IR/100 person-years: 1.70 in women and 1.08 in
men).

IR of obesity were consistently higher among older individuals and
less educated women. A gender effect of education on central obesity
was found.

The raising incidence of obesity in Portugal supports the need of
public health interventions, particularly in women of lower socio-
economic status.
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