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In this study, performed in the province of Pistoia (Italy), we tested whether
8-year-old children living in rural areas differed from their urban peers as far
as nutritional status, dietary habits and physical activity are concerned. The
study sample was randomly selected to include 50% of the children attending
the third elementary class in the province of Pistoia during 2002. A total of
1006 children underwent an anthropometric evaluation and an assessment
of dietary habits and physical activity by means of specific questionnaires.
Of these children, 927 were born in Italy and are described in this report.
The relationship between body mass index (BMIB/5th percentile versus
5th5/BMIB/85th percentile versus 85th5/BMIB/95th percentile versus
BMI]/95th percentile) and the environment (urban versus rural) was of
borderline significance (P"/0.051). However, the percentage of children with
BMI]/85th percentile was greater in rural (24%) than in urban (18%) areas
(P"/0.012). The choice of foods and the physical activity of rural children
mirrored those of urban children. These data sound as an alarm in view of the
current epidemics of obesity that are invading Italy and other Mediterranean
countries.

Introduction

In recent years, a trend toward increased
consumption of energy-dense foods and
reduced physical activity has been described
in many rural areas worldwide (Popkin, 2001;
Liebman et al ., 2003). This is the most
probable reason why obesity and its compli-
cations are being increasingly reported
in rural communities, in both developed

and developing countries (Popkin, 2001;
Liebman et al ., 2003). Within this back-
ground, Mediterranean Basin countries
such as Italy are increasingly losing their
‘Mediterranean advantage’ (Laurenzi et al .,
1989). For instance, adherence to a Mediter-
ranean diet is associated with reduced total
mortality (Trichopoulou et al ., 2003) and
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with a lower prevalence of cardiovascular
risk factors (Panagiotakos et al ., 2004).
Tuscany is internationally renowned for its
rural traditions but, similarly to other Italian
regions (Barbagallo et al ., 2001, 2002), may
be undergoing a nutritional transition
(Masala et al ., 2003) and is at risk of losing
its Mediterranean advantage. Contrarily to
developing countries (Martorell et al ., 2000),
the nutritional status of urban versus rural
children has not been systematically investi-
gated in developed countries. In the present
study, we tested whether children living in
rural and urban areas of Pistoia, Tuscany
differed from their urban peers as far as
nutritional status, dietary habits, and physi-
cal activity are concerned.

Materials and methods

Study population
The province of Pistoia is located in the
upper-central part of Tuscany and comprises
22 town councils, of which only six have a
population of 10,000. For the purpose of this
study, urban and rural areas were defined
according to the Agricultural Authority of
Tuscany (i.e. on the basis of dimensions,
population density, local economy, and his-
torical traditions). In September 2001, we
selected 50% of the children expected to
attend the third elementary class in the public
schools of the province of Pistoia in 2002.
The selection was done using a randomisa-
tion procedure based on the number of
schools, the number of third elementary
classes in each school, and the number of
children in each class. All third elementary
classes of a given school and all children of
each class were selected. Urban and rural
children represented 55% and 45% of the
planned study population, respectively. The
children were measured and interviewed
during a school day with the help of their
teachers and with the informed consent of
their parents. The study protocol was ap-
proved by the local School Authority and by
the local Ethical Committee.

Anthropometry
Anthropometric measurements were per-
formed following the Anthropometric Stan-

dardization Reference Manual (Lohman
et al ., 1988). Weight was measured to the
nearest 0.1 kg using an electronic scale, and
height to the nearest 0.01 m using a Harpen-
den portable stadiometer. Skinfolds (triceps
and subscapular) were measured to the
nearest 0.001 m using a Holtain caliper, and
circumferences (arm and waist) to the nearest
0.001 m using an anthropometric tape.
Weight and height were always measured by
two operators (S.V. and E.T.) and the same
occurred for skinfolds and circumferences
(F.M. and A.I.). All operators were standar-
dised before and during the study by two
experienced anthropometrists (A.F. and
G.B.) according to standard procedures
(Johnston & Martorell, 1988). The body
mass index (BMI) was calculated as weight
(kg)/height (m)2. The sum of triceps and
subscapular skinfolds was employed as an
index of adiposity, and the arm muscle area,
calculated from arm circumference and tri-
ceps skinfold without bone correction, was
used as an index of muscularity (Frisancho,
1990). Using the classification of the Inter-
national Obesity Task Force, children with
BMI]/85th and B/95th percentiles for age
were classified as ‘at risk of overweight’ and
those with BMI]/95th percentile for age as
‘overweight’ (Bellizzi & Dietz, 1999; Dietz
& Bellizzi, 1999). Moreover, children with
BMIB/5th percentile for age were classified
as ‘underweight’, and those with BMI]/5th
and B/85th percentiles for age as ‘normal
weight’. Z -scores of weight for age
(Z -weight), height for age (Z -height) and
BMI for age (Z -BMI) were calculated from
National reference data (Cacciari et al .,
2002) using the LMS method. A Z -score is
the difference between the individual value
and the mean population value divided by
the standard deviation of the population, and
it can be easily converted into a percentile
(Frisancho, 1990).

Dietary habits questionnaire
Because the assessment of food intake
by recall and food-frequency methods is
often inaccurate in children younger than
10 years (Livingstone & Robson, 2000), we
decided to classify the dietary habits of our
children on the basis of food never eaten or
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eaten every day in a week. Besides the
difficulty of obtaining more accurate infor-
mation, this classification was chosen be-
cause it had the potential for being employed
in an educational campaign focusing on the
daily consumption of specific foods. To this
aim, the consumption of a given food was
coded as: (1) ‘every day of the week’, (2) ‘not
every day of the week’, and (3) ‘never’. The
questionnaire comprised six subsections
(breakfast, morning snack, lunch, afternoon
snack, dinner, and evening snack) that in-
vestigated the consumption of specific foods.
Besides common Italian foods, the list in-
cluded traditional local foods. Because the
study was performed between January and
June 2002, the effect of seasonality on dietary
habits was controlled for by administering
the questionnaire to a similar number of
rural and urban children during the same
month.

Physical activity questionnaire
The questionnaire on physical activity com-
prised questions on activities performed dur-
ing free time (riding bike, playing with the
ball, watching television, playing video-
games) and systematic physical activity
(sport type and frequency). As for food
consumption, the frequency of a given activ-
ity was coded as: (1) ‘every day of the week’,
(2) ‘not every day of the week’, and (3)
‘never’. The question about sport had to be
answered directly by the children. The ques-
tion about sport frequency was coded as: (1)
‘one time per week’, (2) ‘from two to three
times per week’, and (3) ‘more than three
times per week’. Because the questionnaire
was administered together with that on diet-
ary habits, possible effects of seasonality on
physical activity were taken into account.

Repeatability of the dietary and physical
activity questionnaires
The repeatability of the dietary and physical
activity questionnaires was assessed by com-
paring the answers given by a randomly
chosen subsample of 15 children on one
occasion and 30 days after. An agreement
between the first answer and the second
answer was considered to exist when they

were the same (0"/‘never’, 1"/‘not every
day of the week’, 2"/‘every day of the
week’, 3"/not answered) (McDowell &
Newell, 1996). The agreement was more
than acceptable, being comprised of between
83% and 100% for dietary habits, and
between 92% and 100% for physical activity.

Statistical analysis
All variables except skinfolds were normally
distributed. Values are given as means and
standard deviations unless specified other-
wise. Between-group comparisons of contin-
uous variables were performed by unpaired
t-tests and those of categorical variables by
Fisher’s Exact Test. Between-group differ-
ences in the relationship between BMI status
(underweight versus normal-weight versus at
risk of overweight versus overweight) and the
environment (rural versus urban) were eval-
uated using the Pearson’s chi-square test.
Statistical significance was set to PB/0.05
for all tests. Statistical analysis was per-
formed on a Mac OS computer using the
Statview 5.0.1 software package (SAS Insti-
tute, Cary, NC, USA).

Results

Study population
In 2001, 53 out of 88 schools were rando-
mised to yield a number of 72 classes and
1275 children. Letters were sent to the
parents of the children asking for their
informed consent. The consent was obtained
for 1063 children, representing 84% of the
study sample. Fifty-six children (5%) were
not in the class or could not be measured
(e.g. because of a plaster cast) when the study
was performed, so data are available for 1006
children. Seventy-nine children were born
outside Italy and are not included in the
present analysis.

Anthropometry
The anthropometric characteristics of the
927 children born in Italy are presented in
Table 1. The male:female ratio was the same
in urban and rural children (P"/0.999). Age
was similar in both groups (P"/0.070), and
the same was true for weight (P"/0.079),
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Z -weight (P"/0.230), height (P"/0.554) and
Z -height (P"/0.632). The BMI was signifi-
cantly higher in rural children (P"/0.047)
but there was no difference in Z -BMI
(P"/0.072). Arm circumference was similar
in both groups (P"/0.361) but waist circum-
ference was significantly higher in rural
children (P"/0.015). The sum of two skin-
folds is given only for 727 children because
the inter-operator variability in triceps and/
or subscapular skinfold thickness measure-
ment was too high in 200 children according
to current standards (Johnston & Martorell,
1988; Lohman et al ., 1988). In most cases,
skinfolds could not be measured reproduci-
bly because of a very lean or fatty arm and/or
a fatty trunk. These 727 children did not
differ, however, in sex, age, weight, height
and BMI from the total study population
(data not shown). In this subsample of
children, there was no difference in the sum
of two skinfolds (P"/0.929) and arm muscle

area (P"/0.892) between rural and urban
areas.
The BMI status of urban and rural

children is presented in Table 2. The be-
tween-group difference in the relationship
between BMI status (underweight versus
normal-weight versus at risk of overweight
versus overweight) and the environment
(urban versus rural) was of borderline
significance (P"/0.051). The percentage
of children with BMI]/85th percentile
was, however, greater in rural (24%) than
in urban areas (18%) (P"/0.012, Fisher’ s
Exact Test).

Dietary habits
The rate of unanswered questions on dietary
habits was 5%. Only the most relevant data
that emerged from the study of dietary habits
will be discussed here. As far as breakfast is
concerned, only 67% of the children did eat it
regularly (i.e. ‘every day’) (P"/0.999 for
urban versus rural children), with 30% eating
it irregularly (i.e. ‘not every day’) and 3% not
eating it at all (i.e. ‘never’). Milk was eaten
regularly at breakfast only by 42% of the
children (P"/0.503 for urban versus rural
children). Morning and afternoon snacks
were eaten regularly or irregularly by 99%
of the children and were represented mostly
by a local food named ‘schiacciata’ (kind of
white pizza with oil). It must be noted,
however, that this food is typically consumed
with salted pork meats and that this was
done regularly or irregularly by 62% of the

Table 1. Anthropometric measurements of 8-year-old rural and urban children living in Pistoia, Tuscany

Measurement Rural (n"/482) Urban (n"/445) P value (rural versus urban)

Sex (male/female) 249/233 229/216 0.999

Age (years) 8.79/0.3 8.69/0.4 0.070

Weight (kg) 32.59/7.3 31.79/7.1 0.079

Z -weight 0.189/1.04 0.109/1.05 0.230

Height (m) 1.339/0.06 1.339/0.06 0.554

Z -height 0.099/1.02 0.129/1.03 0.632

BMI (kg/m2) 18.39/3.1 17.99/3.0 0.047

Z -BMI 0.169/1.05 0.039/1.05 0.072

Arm circumference (cm) 20.99/3.1 20.79/3.0 0.361

Waist circumference (cm) 60.59/7.2 59.49/6.7 0.015

Sum of two skinfolds (mm)*$ 17.1$ 17.3 0.929

Arm muscle area (cm2)* 21.39/4.0 21.39/4.2 0.892

* Available for 727 children.
$ Geometric mean.

Table 2. Body mass index status of 8-year-old rural and
urban children living in Pistoia, Tuscany

Status Rural Urban*

Underweight (%) 4 5

Normal weight (%) 72 77

At risk of overweight (%) 16 11

Overweight (%) 8 7

* P"/0.051 for the relationship between body mass index
and the environment.
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children. An evening snack, consisting
mainly of milk and biscuits, was consumed
by about 15% of the children. Lunch and
dinner were regularly eaten by almost
all children. As food groups are concerned,
the most interesting findings emerged when
the foods were classified as ‘never eaten’. This
analysis was very conservative because a food
was classified as eaten even if it was
consumed in just one of six occasions (break-
fast, lunch, dinner and three snacks). Among
the foods never eaten, yoghurt was
the most frequent (36%), followed by pulses
(21%), fish (15%), eggs (15%), vegetables
(14%), milk (9%), fruits (8%), pasta or rice
(3%), potatoes (3%), meat (1%) and bread
(1%). Wine was consumed by 24% of
the children. Interestingly, there was
no difference in the consumption of any
food (‘every day of the week’#/‘not every
day of the week’ versus ‘never’) between
urban and rural children (P!/0.05 for
all tests).

Physical activity
The rate of unanswered questions on physical
activity was 3%. As leisure physical activity is
concerned, a greater number of rural than
urban children rode bikes during free time
(86% versus 75%, PB/0.0001). However,
a similar number of rural and urban children
played with the ball (81% versus 84%,
P"/0.292) during free time. Television
watching and videogame playing were
equally frequent among urban and rural
children (95% versus 97%, P"/0.227 and
73% versus 68%, P"/0.081). As far as
systematic physical activity is concerned,
69% of the children declared to practise a
sport. The most practised sports were swim-
ming (28%), soccer (22%), dancing (11%),
basketball (9%), volleyball (6%), gymnastics
(6%) and tennis (5%). However, only 60%
of children did sport at least twice per week
(i.e. in a truly systematic way). Moreover, no
difference in sport frequency was found
between urban and rural children (‘two to
three times per week’#/‘more than three
times per week’ versus ‘one time per week’,
P"/0.382).

Discussion

In this study we tested whether 8-year-old
children living in rural areas of Tuscany
differed from their urban peers as far as
nutritional status, dietary habits and physical
activity are concerned.
As far as nutritional status is concerned,

the BMI of rural children was greater than
that of urban children (P"/0.047) but
Z-BMI was similar (P"/0.072). There was,
however, a borderline association between
BMI status and the environment (P"/0.051)
and a greater percentage of children with
BMI]/85th percentile in rural than in urban
areas (24% versus 18%, P"/0.012). Because
the prevalence of overweight was similar in
rural and urban areas (8% versus 7%), this
difference was clearly due to the greater
number of children at risk of overweight
in rural than in urban areas (16% versus
11%). As far as dietary habits are concerned,
the most surprising finding of this study
was that, within the limitations of the
employed questionnaire, the food choices
of rural children mirrored closely those
of urban children. Pulses, a landmark food
for Tuscany throughout the centuries,
were not consumed by 21% of urban
and rural children. Other foods usually
consumed in rural areas, such as eggs and
vegetables, were equally not consumed by
15% of urban and rural children. Wine was
consumed by 24% of the children, even if
wine consumption at this age is discouraged
by Italian Nutritional Guidelines. As far as
physical activity is concerned, besides a
greater frequency of bike riding among
rural children, other free time activities
such as playing with ball, watching tele-
vision and playing with videogames,
were equally frequent in rural and urban
children.
The limitations of this study should be

kept in mind. Even if it was performed on a
representative sample of children, its results
may not necessarily extend to other rural
areas of Tuscany, where the Mediterranean
tradition may be stronger or weaker. We did
not attempt to quantify food intake, because
traditional methods of assessing food intake
are often unsatisfactory in children of this
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age (Livingstone & Robson, 2000). The
employed questionnaire focused on nutri-
tional habits also because they are more
suitable to promotion. Instead of studying
children of greater age, whose food habits
could be evaluated in greater detail, we
focused on 8-year-old children for two
reasons: (1) to have the possibility of
performing a 2-year follow-up study in
the same schools, with simplified logistics,
and (2) to test the feasibility of a nutri-
tional education campaign on young
children. This latter point explains why
we decided not to involve the mothers in
the identification of food eaten by their
children.

Using the results of this study, in June 2002
we started an educational campaign, now
running for 22 months, involving the press,
mass media, schools, health authorities,
and public authorities of the province of
Pistoia. A book and a society game were also
created, distributed in schools, and used by
teachers during school hours to teach some
very basic nutritional principles to the chil-

dren. The key messages of this ongoing
campaign are: (1) eat your breakfast every
day, (2) eat legumes and vegetables, (3) eat
fish and eggs, (4) do not drink wine until you
are older, and (5) spend less time in front of
the television.
In conclusion, children living in rural areas

of Pistoia, Tuscany are similar to their urban
peers as far as anthropometry, nutritional
habits, and physical activity are concerned.
There is, however, a greater prevalence of risk
of overweight and of overweight in rural
areas. This sounds as an alarm in view of
the current epidemics of obesity that are
invading Italy and other Mediterranean
countries.
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