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Abstract Background and aim: Sedentary lifestyle contributes to increased body
weight in western societies. We evaluated physical activity (PA) and its association
with some clinical and biochemical parameters in overweight and obese outpatients.
Methods and results: Two hundred and seventy-eight overweight obese outpatients,
aged 18e65 years, were recruited in this cross-sectional study. Patients were
interviewed about their usual PA, using a standardized questionnaire. A total
metabolic index (TMI) was derived estimating weekly energy expenditure. In Class III
obese patients, fasting serum HDL-cholesterol (HDL-Chol) and resting heart rate (HR)
were also measured.

BMI was inversely related to TMI in the whole group (rZ�0.123, pZ0.041).
Dividing the patients into groups 1 and 2 according to median BMI (30.3 kg/m2),
group 1 had a significantly higher TMI than group 2 (pZ0.003), mainly due to the
difference in weekly walking time (p!0.001). Among Class III obese patients,
despite similar BMI, the group with longer walking time had both significantly higher
HDL-cholesterol (pZ0.046) and lower HR (p!0.001).
Conclusion: In overweight and obese individuals BMI is inversely related to PA energy
expenditure. This relationship can be, at least in part, ascribed to the reduction of
weekly walking time with increasing BMI. In Class III obese patients, even a low level
of PA can positively affect both HDL-Chol and resting HR. It appears useful to focus on
obese patients in also in general practice in order to recognize sedentary life styles
and encourage PA through individualized programs.
ª 2005 Elsevier B.V. All rights reserved.
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Introduction

Obesity is a major public health issue in both
developed and developing countries [1]. In most
industrialized countries approximately half of the
adult population is currently overweight or obese.
Therefore, the condition represents a major re-
versible risk factor for increased metabolic, car-
diovascular and respiratory morbidity and
mortality [2,3]. Body weight is influenced by
a sophisticated homeostatic system influencing
calorie intake (food and drink) and energy expen-
diture (mainly due to basal metabolic rate and
physical activity) [4e6].

Recent changes in lifestyle in western and de-
veloping countriesdwide availability of public and
private transport (car, motorcycles), office auto-
mation and widespread use of heating at home and
at work, reduced physical work in manufacturing,
use of elevators, computers, playstations, televi-
sion watching, use of electric appliances at home,
etc.dhave contributed to the dramatic reduction
of everyday physical activity, both in leisure and
working time, compared to the activity usually
performed by our species up to the second half of
the twentieth century. On the other hand, several
epidemiological studies have demonstrated a link
between reduced physical activity and increased
body weight in the population, particularly in
children [7,8]. Over hundreds of thousands of years
of natural selection has given rise to a genetic
pattern that favours saving excess energy intake as
fat stores (the so called thrifty genotype). This
genotype, in combination with easily available
high calorie foods and sedentary lifestyle, nowa-
days appears to have detrimental and maladaptive
consequences with unfavourable metabolic effects
[9,10]. One of the components of total energy
expenditure is the thermic effect of exercise (TEE)
linked to effective physical activity. TEE repre-
sents, even though to a limited extent, a voluntar-
ily modifiable component of energy expenditure. It
may be therefore a key factor affecting body
weight, in particular body fat stores, as being
inversely related to increased or decreased phys-
ical activity [11]. Actually several studies support
the hypothesis that prevention and treatment of
overweight and obesity require regular and pro-
longed although not strenuous physical exercise
[12]. Nevertheless there are only a few studies
assessing physical activity levels in obese out-
patients and relating the amount of physical
activity to body weight [13]. The aim of this
cross-sectional study has been to evaluate the
qualitative and quantitative features of physical
activity among overweight and obese outpatients
using a standardized questionnaire. Furthermore
the association between physical activity levels
and some modifiable cardiovascular risk factors
has been assessed specifically in Class III obese
outpatients.

Methods

In 2002, 278 patients (113 men and 165 women),
age range 18e65 years, were recruited from pa-
tients attending the outpatient clinic for obesity at
the Department of Internal Medicine of the Fed-
erico II University Hospital: 209 were overweight or
Class I and II obese (defined as having a body-mass
index (BMI; the weight in kilograms divided by the
square of the height in meters) R25!40 kg/m2, 69
were Class III obese (with a BMIR40). None of the
participants had symptoms of cardiovascular dis-
eases, osteoarthritis or other diseases sufficient to
limit their everyday activities. Patients’ mean age
(GSD) was 41.5G13.3 years; mean BMI (GSD)
33.9G9.3 kg/m2.

All patients had a full medical history and
received a complete physical examination. Pa-
tients were interviewed about their usual physical
activity through a validated standardized question-
naire derived by CNR (National Research Council)
project FATMA (Factors of Diseases) (CNR Progetto
FATMA, 1994).

The questionnaire represents a 1-year recall of
commonly performed physical activities divided
into five sections to assess the following types of
activity:

(a) at work
(b) non-sporting activity (particularly related to

household duties)
(c) sport undertaken during leisure time
(d) average time spent walking in a week
(e) number of flights of stairs climbed in a week

For each type of activity usual frequency,
duration and intensity were recorded and an
estimate of energy expenditure (e.g. metabolic
index or score) was determined.

Each activity yields a score according to the
intensity and the time spent on that activity. The
total sum of all the scores corrected by a standard-
ized factor (0.1) provides the total metabolic index
expressed in MET (ratio of metabolic rate during
the activity to the resting metabolic rate) for each
patient. The total metabolic index estimates the
patient’s weekly physical activity energy expendi-
ture during the 1-year recall period.



170 C. Finelli et al.
One MET is the amount of O2 consumed at rest
(about 3.5 ml/min per kg). The equivalent energy
expenditure of a MET is about 4.186e5.023 kJ/min
(1e1.2 kcal/min) in a man weighing 70 kg.

In Class III obese patients, fasting serum cho-
lesterol, triglycerides and HDL-cholesterol levels
were measured by routine biochemical tests;
resting heart rate (as pulse rate) and waist cir-
cumference were also recorded.

Statistical analysis

Statistical analysis was performed using the Sta-
tistical Package for Social Sciences (SPSS 11.0,
SPSS Inc., Chicago, IL, USA). The mean values and
standard deviations of the continuous variables
were calculated for the sample as a whole and the
two categories of BMI. Results are presented as
meanGSD.

Analysis of variance was used as a global test for
differences between groups.

The two-sided t-test was used to analyze the
differences in continuous variables between
groups. Two-sided chi-square test was used to
analyze the differences in dichotomous variables
between groups. The association between variables
was determined using linear regression analysis.

The differences between groups were consid-
ered significant when p!0.05.

Results

BMI was inversely related to total metabolic index
in the whole group of patients (rZ�0.123,
pZ0.041). Among the various types of physical
activity assessed by the questionnaire, only the
average weekly walking time was found to be
inversely related to BMI (rZ�0.232, p!0.001).

All the patients were, thereafter, divided into
two groups according to the median BMI of our
population (30.3 kg/m2):

(a) patients (nZ136) with BMI!30.3
(b) patients (nZ142) with BMIR30.3

No age differences (42.6G13.4 vs 40.5G
13.2 years) and no significant differences for sex
(63 males and 73 females vs 50 males and 92
females) of smoking prevalence (30.2% vs 31.8%)
among the two groups were observed (Table 1).

The total metabolic index was significantly
higher in group 1 than in group 2 (10,549G9748
vs 7658G5953, pZ0.003).

If we consider the metabolic index or score for
each type of physical activity assessed by the
questionnaire, we notice that there were no
significant differences between the two groups in
all the scores except for the one derived from the
amount of walking per week (e.g. index D). The
index is indeed 18,605G19,968 in group 1 vs
10,716G14,244 in group 2 (p!0.001) (Fig. 1).

In Class III obese patients (nZ69), mean serum
cholesterol was 197.6G40.0 mg/dl, triglyceride
was 123.4G58.9 mg/dl and HDL-cholesterol was
44.9G11.9 mg/dl. HDL-cholesterol was directly
related (rZ0.278, pZ0.032), and resting HR was
inversely related, to the weekly walking time
(rZ�0.275, pZ0.029). In this group of patients
serum HDL was inversely related (rZ�0.216,
pZ0.049), and HR was directly related, to BMI
(rZ0.352, pZ0.002).

We also divided this group of extremely obese
patients according to the median of weekly walk-
ing time:

(a) patients (nZ33) whose weekly walking time
was !120 min

(b) patients (nZ36) whose weekly walking time
was R120 min

No significant differences between these two
groups were observed in the following variables:
age (35.8G9.9 vs 32.5G10.4 years), BMI (49.0G
9.3 vs 45.7G6.6 kg/m2), waist circumference
(134.8G14.1 vs 126.7G16.8 cm), sex (11 males
and 22 females vs 13 males and 23 females), or
cigarette smoking prevalence (42.5% vs 28%).

However, significant differences in the HDL-
cholesterol levels were observed between the
two groups, with group A showing lower HDL levels
than group B (41.77G11.99 vs 47.83G11.24 mg/dl,
pZ0.046); whereas resting HR was significantly
higher in group A compared to group B (85G11 vs
73G10 bpm, p!0.001).

Table 1 Baseline characteristics of the two groups
of patients divided according to the median BMI in our
population (30.3 kg/m2)

Group 1a

(nZ136)
Group 2b

(nZ142)
pc

Age (years) 42.6G13.4 40.5G13.2 ns
Men (n) 63 50 ns
Women (n) 73 92 ns
Smokers (%) 30.2 31.8 ns

a Group 1 having a BMI!30.3 kg/m2.
b Group 2 having a BMIR30.3 kg/m2.
c Two-sided t-test was used to analyze the differences in

continuous variables between groups. Two-sided chi-square
test was used to analyze the differences in dichotomous
variables between groups; ns, not significant.
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We also performed a sub-analysis on female
obese patients (BMIR30; nZ97).

The female obese patients were divided into
two groups according to BMI:

(a) BMIR30.0 and %34.9 kg/m2 (nZ48)
(b) BMIR35.0 kg/m2 (nZ49)

Unpaired t-test revealed significant differences
between these two groups in the following varia-
bles:

e Index B (e.g. the score linked to physical
activity related to household duties):
31,072G29,465 vs 19,466G23,616 (pZ0.035)

e Index D (e.g. the score derived from the
amount of walking per week): 14,919G19,603
vs 7754G9756 (pZ0.024).

e Age: 46G13 vs 34G11 years (p!0.001) (Fig. 2)

Differences between males (nZ26) and females
(nZ48) of corresponding BMI (R30.0 and
!35.0 kg/m2) were also analyzed. The two groups
were similar for age (46G13 vs 46G13 years,
pZns) and BMI (31G1 vs 32G1 kg/m2, pZns) but
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Figure 2 Metabolic index B (white bars) and metabolic
index D (black bars). Scores in the two groups of obese
female patients divided according to the BMI (group
1R30!35 vs group 2R35 kg/m2; pZ0.035 and pZ0.024
respectively). MeanGSEM.
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Figure 1 Total metabolic index (TMI) reported in MET
and index D score in the two groups of patients divided
according to the median BMI (group 1!30.3 vs group
2R30.3 kg/m2; pZ0.003 and p!0.001 respectively).
MeanGSEM.
showed significant differences in the following
variables:

e Index A (e.g. the score derived from the
physical activity at work): 87,183G78,359 in
males vs 22,770G46,857 in females (p!0.001)

e Index B (household duties): 5683G11,762 vs
31,072G29,465 (p!0.001)

e Total metabolic index: 10,913G8667 vs
7079G5587, (pZ0.024)

We finally analyzed the differences between
males (nZ27) and females (nZ49), with
BMIO35.0. The two groups were similar for age
(36G10 vs 34G11 years) and BMI (47G7 vs
47G8 kg/m2) but different for:

e Index A: 74,815G49,314 in males vs
37,453G49,110 in females (pZ0.002)

e Index B: 5568G11,935 vs 19,466G23,616
(pZ0.006)

Discussion

This cross-sectional study clearly shows that in
overweight and obese individuals attending an
outpatient clinic the estimated BMI is inversely
related to energy expenditure from physical activ-
ity. In particular the difference in estimated
physical activity related energy expenditure be-
tween overweight and obese patients can be
largely ascribed to the average weekly walking
time. The evidence from these activity pattern
data supports the view that obese individuals are
not likely to spend their leisure time in an active
way. In other words they seem to avoid any
voluntary form of physical activity either carried
out as a pleasant break or as part of the obesity
treatment [13]. On the other hand previous studies
evaluating physical activity and energy expendi-
ture examined mainly normal weight or overweight
subjects; data on mildemoderate obese are rather
poor and data on severe obese patients are lacking
[8,13]. In particular Prentice et al. showed a re-
duction of physical activity level in a small number
of moderately severe obese and a non-unequivocal
change in activity energy expenditure derived as
TEEeBMR in men and women [8]. Leisure time
physical activity appears to be a key factor to try
to increase the energy expenditure in obese
patients and its role is becoming essential since
most occupations and jobs tend to be extremely
sedentary [14]. The progressive increase in body
weight, through overweight to extreme obesity, is
the result of a cumulative effect of even a small
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daily caloric excess [1], at least partially due to
a progressive reduction in physical activity docu-
mented in general as well as in patients, popula-
tion studies [15]. It has been reported that only
sustained regular physical training affects body
composition, muscle tone and growth, nutrient
utilization, increases RMR as well as lipid oxidation
at rest and during acute muscular exercise [16,17].
There is increasing evidence that physical activity,
particularly the distance walked daily, is an in-
dependent and modifiable risk factor for overall
mortality [18,19]. In our study there is a clear
association between degree of obesity and weekly
walking distance, as the main index of physical
activity in our group of overweight and obese
outpatients of all categories. These data contrib-
ute to understand the very high rate of fatal and
non-fatal events, particularly cardiovascular ones,
reported in obese patients and generally related to
sedentary lifestyle [20e23]. It is clear that phys-
ical exercise is a modifiable risk factor: it should
therefore be encouraged with appropriate pro-
grams of activity adequately individualized to age
and attitude for each patient, often starting from
pure rehabilitation through regular physical exer-
cise [24,25]. Our data on physical activity among
obese women and men of all categories show also
a different pattern of physical activity between
sexes. Women of our geographical area appear to
spend more time at home and their activity energy
expenditure (AEE) is mainly related to household
duties. Men, on the other hand, seem to have more
AEE related to job duties. In the obese female
group it also appears that there is a decreasing
trend in physical activity levels with increasing
BMI. In our sample the mildly obese individuals
appear to be more physically active than the
moderately obese ones, even though the latter
are younger; as this trend confirms what has
already been seen in the whole group of patients
and supports the accuracy of our questionnaire,
originally planned only for detecting physical
activity levels in female patients [26,27]. The
different activity pattern among women and men
in our study could just reflect the socio-econom-
ical background of our sample population. There
are in fact in southern Italy still many families
where only the husband works and the wife looks
after household duties. Nonetheless it is important
to show and confirm this different activity pattern
in order to individually tailor strategies on how to
increase physical activity levels. With regard to
this point, it is clear that even a few questions
focusing on the time spent walking per week, the
number of stairs climbed per week and other
similar simple questions, could help to understand
the level of physical inactivity and give prompt
encouragement for these simple activities at a gen-
eral practice level [28]. Moreover, a recent paper
has clearly shown the sedentary life style of male
workers of our geographical area and its relation-
ship with overweight and increased cardiovascular
risk factors, thus confirming the need for specific
interventions [29]. Our data also show that, in the
high risk group of Class III obese patients, even
a low level of voluntary physical activity (e.g. 120
or more minutes of walking in a week) can
positively affect both serum HDL and resting heart
rate. These data are in keeping with a recent
prospective study that demonstrated a close re-
lationship between exercise and blood lipid pat-
tern [30]. This study demonstrated also that the
amount of exercise per se appears to make
a greater difference than the intensity of exercise
on plasma lipoprotein profile. This is also in
keeping with our observation that even very mild
activity, such as walking for more than 120 min
a week, can be beneficial for cardiovascular risk
profile in Class III obese patients.

On the other hand, alcohol intake has been
described to be the major determinant of HDL-
cholesterol concentration [31], but our patients
reported a very limited consumption, and this is
not unusual in our area particularly for women.

In conclusion our data demonstrate very low
levels of physical activity in both overweight and
obese patients, well below the limit of sedentary
lifestyle. This partially accounts for the increasing
prevalence of obesity (and failure of treatments)
in the populations of developed countries, as also
shown in a recent study on young girls during
adolescence [32]. It seems therefore reasonable
and pivotal to encourage increase in physical
activity levels through individualized plans based
on short bouts of physical activity throughout the
day and a more active lifestyle. Low levels of
physical activity in fact are not expected to affect
body weight, nevertheless they may improve some
major associated cardiovascular risk factors. More-
over longitudinal studies on the long term effects
on body weight and cardiovascular risk of in-
creased daily physical exercise in obese patients
would certainly help to better understand this
complex issue.
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