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Abstract

Cancer aetiology is multifactorial; risk factors comprise
obesity, central adiposity, physical inactivity and exces-
sive/deficient intake of foods and/or nutrients with pro-
carcinogenic/protective effects. We aim to analyze the
pattern of nutritional status, food intake and physical
activity in a cohort of cancer patients. This pilot cross-
sectional study was conducted in 64 outpatients referred
for Radiotherapy. Nutritional parameters evaluated:
BMI, waist circumference, body composition by tetra-
polar bioimpedance (Xitron®). Usual food intake was
collected with a short food frequency questionnaire and
physical activity was assessed with Jacksons’ question-
naire. Overweight/obesity and excessive body fat mass
prevalence was of 53% and 61 %, respectively. Central
obesity, which indicates moderate/high cardio-metabolic
risk, was found in 78% of patients. Food frequency
analysis showed a poor intake in vegetables and a high
intake in meat and carbohydrates. Physical inactivity was
prevalent. This pilot study in cancer patients, showed a
high prevalence of overweight/obesity, excessive fat mass
and central obesity, simultaneously with sedentary
lifestyles and an inadequate diet, poor in protective foods
and excessive in deleterious ones. Thus, these patients
exhibit a high risk pattern for cancer development and
for a poorer prognosis. The implementation of measures
to promote balanced and protective diets and to encou-
rage physical activity practice is urgently needed.
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LA ADIPOSIDAD EXCESIVA'Y LOS ESTILOS
DE VIDA SEDENTARIOS SON PREVALENTES
EN LOS PACIENTES ONCOLOGICOS;

UN ESTUDIO PILOTO

Resumen

La etiologia del cancer es multifactorial; los factores de
riesgo comprenden la obesidad, la adiposidad central, la
inactividad fisica y el consumo excesivo/deficiente de ali-
mentos y/o nutrientes con efectos procarcinéogenos/pro-
tectores. Nos propusimos analizar el patron del estado
nutricional, el consumo de alimentos y la actividad fisica
en una cohorte de pacientes oncolégicos. Este estudio
piloto transversal se realizé en 64 pacientes ambulatorios
remitidos a radioterapia. Se evaluaron los parametros
nutricionales: IMC, circunferencia de la cintura, compo-
sicion corporal mediante bioimpedancia tetrapolar
(Xitron®). La ingesta alimentaria habitual se recogié
mediante un cuestionario abreviado de frecuencia de ali-
mentos y la actividad fisica se evalué mediante el cuestio-
nario de Jackson. La prevalencia de sobrepeso/obesidad y
de exceso de masa corporal grasa fue del 53% y del 61 %,
respectivamente. La obesidad central, que indica un
riesgo cardiometabélico moderado/alto, se encontro en el
78% de los pacientes. El analisis de la frecuencia de ali-
mentos mostré una ingesta escasa de verduras y un con-
sumo elevado de carne e hidratos de carbono. La inactivi-
dad fisica fue prevalente. Este estudio piloto en pacientes
oncoldgicos mostré una prevalencia elevada de sobre-
peso/obesidad, un exceso de masa grasa y de obesidad
central, simultaneamente con estilos de vida sedentarios y
una dieta inadecuada, pobre en alimentos productores y
un exceso de los deletéreos. Por lo tanto, estos pacientes
muestran un patron de riesgo elevado para el desarrollo
de cancer y un peor pronostico. Se requiere urgentemente
la implantacién de medidas que promuevan dietas equili-
bradas y protectoras asi como la promocion de la activi-
dad fisica.
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Abbreviations

BMI: Body Mass Index.

9%FM: Percentage of fat mass.
9%FFM: Percentage of fat free mass.
WC: Waist circunference.

WHO: World Health Organization.

Introduction

Cancer accounted for 7.6 million deaths, from the 58
million that occurred worldwide in 2008. Deaths from
malignant disease are projected to continue on rising,
estimated to reach 12.9 million by 2030.' Similarly to
the global scenario, cancer was the second cause of
death in Portugal according to the National Health Plan
0f2004-2010.2

Several risk factors for cancer are well documented,
namely obesity, physical inactivity, high intake of
deleterious nutrients/carcinogenic components and/or
deficient intake of protective ones, tobacco use and
stress.>* In Portugal, the high incidence of stomach
cancer has been associated to the excessive salt intake
and Helicobacter pylori infection,® whereas the high
incidence of breast, lung, colorectal and oral cavity
cancers, has been associated with obesity, alcohol
abuse, tobacco and poor intake of foods with a high
content in fibre and other protective nutrients, e.g.
antioxidants and flavonoids.** Taking into account this
reality, there has to be a clinical valorisation of the
patients’s nutritional status; the latter can be evaluated
through anthropometric methods, such as the easy and
quick to obtain height and weight essential to calculate
Body Mass Index (BMI) (highly reproducible and
enables comparisons between studies).® Additionally
other nutritional parameters have to be valued in
clinical practice, e.g. waist circumference that is an
indirect measure of central obesity that indicates
cardio-metabolic risk,” and body fat mass and fat free
mass easy to asses by bioimpedance.® Regarding usual
and current dietary intake as well as the level of
physical activity, validated questionnaires may be
used.?

Based on this background, this pilot cross-sectional
study in a heterogeneous population of cancer patients
aimed: 1) to evaluate the potential cardio-metabolic
risk associated with waist circumference, %fat mass
and BMI; 2) to characterise the pattern of usual food
intake, focusing on high density foods, vegetables,
fruits and fish; 3) to assess and characterise the
physical activity pattern.

Methods

This analytical cross-sectional study, approved by
the Hospital Ethics Committee, was conducted in
accordance with the Helsinki Declaration, adopted by

the World Medical Association in 1964, amended in
1975 and updated in 2002; all participants gave their
informed consent. This study was carried out in the
Radiotherapy Department of the University Hospital of
Santa Maria-Centro Hospitalar Lisboa Norte, EPE,
Lisbon, Portugal. Exclusion criteria comprised inabi-
lity to answer questions or patients who were not auto-
nomous and/or could not be weighed and bedridden
patients. All data were collected through clinical inter-
views and completed with the patient's clinical file
consultation. Data were recorded on individual forms
pre-constructed for statistical analysis.

Study parameters

Demographic, clinical data and chronic medications
were collected from the patients’ files; anthropometric
measures, weight changes, food intake and physical
activity were individually assessed via structured ques-
tionnaires and validated methods. Data collection and
evaluations were always performed by a trained
medical student (AR).

Nutritional assessment

BMI. Height was measured in the standing position
using a stadiometer and weight was determined with a
calibrated Jofre® floor scale. Patients were shoeless and
with light clothing during measurements. BMI was
calculated using the formula [BMI = weight (kg)/
height (m)?], and further categorized according to
WHO?’s criteria in patients aged 18-64 years: under-
weight if < 18.5 kg/m?, adequate 18.5-24.9 kg/m?, over-
weight 25-29.9 kg/m? and obese = 30 kg/m>.° For
patients aged = 65 years, BMI was classified as
follows: underweight if < 24 kg/m?, adequate if 24-26.9
kg/m? and overweight/obesity if = 27 kg/m?."°

Weight change was calculated by comparing
patients’ usual weight in the previous 3-6 months, with
their current weight. Changes were expressed as
percentage of weight loss or weight gain, and catego-
rized: = 5%, between 5-10% and = 10%."

Waist circumference (WC) was measured at the
midpoint between the iliac crest and last floating rib in
a horizontal plane using a flexible not elastic tape, with
patients in expiration. The values were further catego-
rized according to international cut-offs, by sex and
age; WC evaluated patients’ cardio-metabolic risk. For
men, WC was categorized as without risk if < 94 cm,
moderate risk if = 94 cm and < 102 cm, and as high risk
if = 102 cm; for women, WC values were categorized
as low risk if < 80 cm, as moderate risk if = 80 and < 88
cm, and as high risk if = 88 cm."

Body composition. Tetrapolar bioimpedance analysis
(multifrequency equipment Xitron®) was used to assess
patients’ body composition. Percentage of fat mass
(%9FM) and % fat free mass (%FFM) were determined
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and categorized according to standardized values for
sex and age. For men aged 35-64 years or = 65 years,
%FM was categorized as normal if 10-25% and 10-
23%, respectively; %FFM was categorized as normal if
90-75% and 90-77%, respectively. For women aged
35-64 years and = 65 years, %FM was categorized as
normal if 25-38% and 25-35%, respectively; %FFM
was classified as normal if 75-62% and 75-65%,
respectively. Values below the normal ranges were
categorized as deficit of body fat or of lean mass, while
values above the normal ranges were categorized as
excess of body fat and of lean body mass.’

Food intake

The usual food intake was assessed by a modified
short food frequency questionnaire, developed specifi-
cally for this study, which evaluated the weekly intake of
meat, fish, vegetable soup, vegetables (cooked or as
salads), carbohydrates; it evaluated the daily intake of
bread, fruit and dairy products. Daily intake values were
converted into a weekly intake for comparisons. Patients’
reported intake was further classified as high intake if = 5
times/week and as low intake if 1-4 times/ week.

Physical activity

Patients’ physical activity assessment was conducted
through a questionnaire based on Jackson s question-
naire. Usual and/or current physical activity were
assessed by: commonly used transportation, time spent
walking/day, hours of physical exercise per week and
reasons to exercise regularly.®

Statistical analysis

Statistical analysis was performed using SPSS 16.0
for Windows (SPSS Inc, Chicago, USA 2003). Catego-
rical variables were expressed as number and percen-
tage, while numerical variables were expressed as
mean * standard deviation (range). Correlations
between numerical variables were evaluated by the non
parametric Spearman method. Associations between
numerical and categorical variables were explored by
the non parametric Mann-Whitney method. Catego-
rical variables were compared with the Chi-square test.
P values were always two-sided and statistical signifi-
cance was set for a p value <0.05.

Results
Demographic and clinical data

The study cohort comprised 64 patients with various
types of cancers referred for radiotherapy with curative

Table I
Patients’ distribution by diagnosis and sex

Diagnosis Total Men Women

n(%) n(%) n(%)
Tumour breast 14 (22%) 0 14 (22%)
Tumour colon-rectum 14 (22%) 8(13%) 6(9%)
Tumour prostate 9 (14%) 9 (14%) 0
Tumour lung 7(11%) 5(9%) 2(3%)
Tumour uterus 7(11%) 0 7(11%)
Tumour head-neck 6(9%) 4 (6%) 2(3%)
Others 7(11%) 5(8%) 2(3%)

Results expressed as number (%) of patients; “Others” include: brain, pancreas,
stomach, biliary tract, Hodgkin and non Hodgkin lymphomas.

intent, adjuvant to surgery and/or combined with
chemotherapy or with palliative intent. Overall, there
were 31 (48%) men and 33 (52%) women with a mean
age of 63 + 12 (36-87) years; 34 (53%) were = 65 years.
Patients’ diagnoses and distribution according to sex
are shown in table 1. Overall, breast and colorectal
cancer were the most prevalent, each presenting a
prevalence of 22%. In men, prostate cancer was the
most prevalent diagnosis, whereas breast cancer was
the most prevalent in women.

Regarding co-morbidities, 47 (73%) patients had at
least one: high blood pressure (n = 20, 31%) and dysli-
pidaemia (n = 20, 31%) were the most prevalent,
followed by cardio-cerebrovascular diseases (n = 15,
23%) and type 2 diabetes mellitus (n = 12; 19%).
Patients with colorectal and breast cancers had the
highest prevalence of co-morbidities.

Nutritional assessment

Mean BMI was 26 + 4 (16-37) kg/m?; 34 (53%)
patients were overweight/obese, 24 (38%) had an
adequate BMI and only 6 (9%) were underweight. It is
worth mentioning that 17 (27%) patients were obese. No
significant difference was found between BMI categories
according to gender. Yet, according to diagnosis, patients
with colorectal, uterus or breast tumours were more
frequently identified as overweight/obese (p < 0.05).

Weight variation is shown in figure 1. A variation of
current weight by comparison with the usual weight was
observed in 97% of patients. The majority of patients
gained weight (64%); of those, 54% gained more than
10% of their usual weight. Weight gain occurred mainly
in patients with tumours of the breast, uterus, prostate or
colon-rectum, p < 0.01; moreover, weight gain was
correlated with overweight/obesity, p < 0.005. Conver-
sely, weight loss was reported by 33% of patients; half of
them lost more than 10% of their usual weight. Patients
with lung and head-neck tumours had the highest
frequency of weight loss, p <0.05.

Cardiometabolic risk according to WC distributed
by sex is depicted in table II. Most patients presented a
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Fig. 1.—Weight variations by
Wheight variation (%) comparison with patients’
usual weight.
Table IT
Cardio-metabolic risk by sex according to waist circumference
Cardiometabolic Total Men Women
risk n(%) WC cut-offs (cm) n(%) WC cut-offs (cm) n(%)
Low risk 14 (22%) <9%4 10(32%) <80 4(12%)
Moderate risk 16 (25%) 94-101.9 10(32%) 80-87,9 6 (18%)
High risk 34 (53%) =102 11 (35%) =88 23 (69%)

Results expressed as number (%) of patients; WC: Waist circumference.

WC above the recommended cut-off values, leading to
a high prevalence of moderate/high cardiometabolic
risk vs low risk, p < 0.01. Women presented a higher
incidence of cardio-metabolic risk, when compared to
men, p < 0.05. Additionally, the presence of over-
weight/obesity, weight gain and cardio-metabolic risk
were significantly correlated, p < 0.007.

Body composition analysis results are shown in
table III. Similarly to other measures of nutritional
status and cardiometabolic risk results, most patients
presented excessive body fat mass and low fat free
mass; indeed, 39 (61%) patients presented simultane-
ously excessive fat mass and a depleted fat free mass.
Of those, most were men aged > 65 years, p < 0.01.

Table IIT
% fat mass and % fat free mass sex
% fat mass % fat free mass
Age (years) Low Normal High Low Normal High
n(%) n(%) n(%) n(%) n(%) n(%)

Men

35-65 0 7(23%) 10 (32%) 11(35%) 6(19%) 0

>65 0 1(3%) 13 (42%) 13 (42%) 1(3%) 0
Women

35-65 0 11 (33%) 6(18%) 6(18%) 11 (33%) 0

>65 1(3%) 5(15%) 10 (30%) 9(27%) 5(15%) 2(6%)
Results expressed as number (%) of patients. Distribution according to cut-offs for age and sex.
Excessive adiposity and sedentary Nutr Hosp. 2013;28(5):1468-1474 1471
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Table IV
Food intake distribution by frequency of eating

Table V
Usual and current physical activity

Low intake High intake .. . Usual Current
Food n (%) n (%) Phisical activity n (%) (%)
Meat 14 (22%) 50 (78%) Walking (minutes)
Fish 32 (50%) 32 (50%) <15 35(55%) 48 (75%)
Soup 19 (30%) 45 (70%) 15-30 15 (23%) 8 (13%)
Cooked vegetables 35(55%) 29 (45%) 30-60 9(14%) 6(9%)
Raw vegetables 38(59%) 26 (41%) >60 5(8%) 2(3%)
Starches 3(5%) 61 (95%) Climb stairs (floors)
Fruit 11 (71%) 53 (83%) 0 23 (36%) 37 (58%)
Dairy products 9 (14%) 55 (86%) 1-5 36 (56%) 25 (39%)
Results expressed as number (%) of patients: low intake: 1-4 times/week; 6-10 1 (2%) 2 (3%)
high intake: = 5 times/week. >10 4(6%) 0

Physical exercise (hours/week)
Moreover, only 1/3 of patients had a %FM and %FFM 0 49 (77%) 60 (94%)
within the reference values. | 4(6%) 0
23 6 (9%) 2(3%)

Food intake >3 5 (8%) 23%)

Usual food intake analysis according to the frequency
of intake per week is shown in table IV. Patients reported
a high intake of starchy foods, meat, dairy products and
fruit; in contrast, fish intake was moderate, whereas
raw and cooked vegetables intake was low.

Physical activity

Usual and current physical activity were very low
(table V). Indeed, most patients reported a usual and
current activity of less 15 minutes/day walking, and did
not engage in any physical activity. Furthermore,
current physical activity was even lower and less
prevalent than the usual physical activity: a high
percentage of patients currently walked less than 15
minutes/day, did not climb stairs or did not practice any
physical exercise. Additionally, the percentage of
patients who used their own transport increased from
55% (usual) to 67% (current); conversely, those who
reported walking as their main way of transport
decrease from 20% (usual) to 6% (current), p < 0.05.

Regarding the usual physical activity, 11 (17%)
patients reported to practice already structured sports.
Of those, only 6 (54%) climbed stairs, 3 (27%) walked
more than 15minutes/day and only 1 (9%) maintained
his regular physical exercise practice.

Discussion

This pilot study in a heterogeneous cohort of
patients with solid tumours, showed a high prevalence
of overweight/obesity, excessive fat mass and central
obesity, along with sedentary lifestyles, simultane-

Results expressed as number (%) of patients.

ously with an inadequate diet poor in protective foods
(e.g. vegetables) and excessive in meat. According to
the data so far, these patients exhibit a pattern in their
nutritional status and lifestyle potentially associated
with cancer development as well as with the disease
progression and poorer prognosis. Nutritional counse-
lling may open new insights in reduction or even
prevention of carcinogenesis; thus, future research
should also focus on how to develop and promote an
efficient counselling to foster and promote a balanced
and protective diet, and for the encouragement of
physical activity practice and other healthy and
protective lifestyles. Moreover, given the high and
increasing incidence of cancer in Portugal, our study
reinforces the importance and need of a national multi-
center study in this research field.

Undeniably, environmental factors comprise obesity,
central obesity, excessive fat mass, deficient/excessive
intake of specific foods and/or nutrients with pro-carci-
nogenic vs anti-carcinogenic actions and sedentarism.
Overweight/obesity is pointed out by several studies as
a risk factor for oesophagus, colon-rectum, pancreas,
endometrium, breast, kidney and gallbladder cancers;"
moreover, overweight/obesity has been associated
with a unfavourable disease course and poorer disease
prognosis.'*'® On the other hand, obesity is also asso-
ciated with hyperglycaemia, hyperinsulinaemia and
insulin resistance.” There is evidence that the link
between insulin and mitogenic activity by increasing
IGF-1 bioavailability, may contribute to increase cell
proliferation and carcinogenesis.” Indeed, in this study
we found a high prevalence of overweight/obesity,
together with a high prevalence of excessive abdo-
minal adiposity; moreover, most patients reported to
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have gained weight in the last 3-6 months. All these
parameters are identified as risk factors for cancer."

Regarding body composition, most patients presented
excessive fat mass and only 37% of patients had
normal fat mass values for their sex and age. Conver-
sely, the majority of patients had a depleted fat free
mass and only 37% had values within the reference
values for age and sex. Excessive fat mass concomi-
tantly depleted fat free mass was found in 61% of
patients; this body composition pattern is characteristic
of sarcopenic obesity* that has been associated with an
increased risk of disease recurrence and with a worse
prognosis."’

Epidemiological studies on dietary patterns and
cancer incidence identified some deficits of essential
nutrients, as well as excessive intake of harmful
nutrients as risk factors.”* A high intake of n-3 polyun-
saturated fatty acids, found in nuts, fish and vegetables,
have shown to decrease the risk of developing cancer;"
in fact, immunomodulators n-3 fatty acids may play a
protective role through their potential anti-carcino-
genic effect, possibly as an arachidonic acid antagonist
with a possible reduction of pro-inflammatory eicosa-
noids’ synthesis, as well as by their pro-apoptotic
action.”? On the other hand, excessive intake of satu-
rated fatty acids, found in meat and whole dairy
products, has been associated with the development of
some specific tumours: breast, prostate, lung, endome-
trium, pancreas and colon-rectum;? furthermore,
excessive intake of sugars has been linked an increased
risk of colorectal tumours."

Fibre has also been considered an anti-carcinogenic
nutrient; it may play a protective role: 1) by acting as an
adjuvant in eliminating carcinogenic compounds from
the intestinal lumen; 2) by contributing to the produc-
tion of short chain fatty acids; 3) by decreasing insulin
resistance and 4) by decreasing blood concentration of
free estrogens due to their lower intestinal absorption
from the billiary tract.” It has also been suggested that
carotenoids may play an anti-carcinogenic role due to
their antioxidant properties and by a direct inhibition of
potential endogenous compounds of carcinogenesis.”
In this study, the food intake pattern was characterized
by a low intake of vegetables, which have a high
content in vitamins, minerals, carotenoids and fibre,
and by a moderate intake of fish, which is a very rich
source of n-3 polyunsaturated fatty acids.

In what concerns physical activity, several benefits
have been assigned to its regular practice: contributes
to maintain a healthy weight, increases peristalsis,
improves immune function and increases insulin sensi-
tivity."* Evidence has consistently shown that regular
physical activity reduces the risk of cancer, especially
colorectal, endometrial and postmenopausal breast
cancer."” Our findings show that the majority of the
cancer patients did not practice any regular physical
activity before diagnosis; and moreover, there were no
significant differences between the usual and the
current physical activity habits. Overall, we found a

pattern of marked inactivity and sedentarism among
cancer patients.

According to the World Cancer Research Fund &
American Institute for Cancer Research, cancer is the
second cause of death worldwide, with an alarming
rising incidence. Nonetheless, systematic reviews indi-
cate that 40%-50% of cancers are preventable;
although cancer aetiology is multifactorial, environ-
mental factors are today known to play an important
role in cancer prevention or act as significant risk
factors.”® Alarmingly, this pilot study demonstrated this
pattern in patients that already have cancer and corro-
borated that their life styles, eating and nutritional
status was very likely unhealthy and inadequate long
before their cancer diagnosis.
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