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Background: Breast cancer has become the most common type of cancer in Morocco. In 2005,
127 new cases in women, representing 33.5% of female cancers, were added to the National
Center of Oncology registry. The incidence of breast cancer is higher in Morocco than in the
three other Maghreb countries, and it is significantly lower than in Western countries where it
stands at over 80 cases per 100,000 people.

Purpose: This 2-year long case-control study was conducted to assess the causal relationship
between the lipid profile of overweight Moroccan women and breast cancer risk.

Patients and methods: Overweight female patients with breast cancer (n =400) were compared
to 400 healthy controls at the National Institute of Oncology of Rabat. The epidemiological
data on the disease and physical activity were gathered by interviewing the patients who had
their lipid profile measured (total cholesterol, triglycerides, high density lipoprotein cholesterol,
and low density lipoprotein cholesterol). Body mass index was used to determine if patients
were overweight.

Results: Univariate analysis revealed a significant association between breast cancer and high
body mass index (odds ratio [OR] = 1.31; 95% confidence interval [CI] = 1.25-1.37), menopause
(OR = 2.68; 95% CI = 2-3.55), lack of physical activity (OR = 0.26; 95% CI = 0.21-0.31),
and triglyceridemia (OR = 3.78; 95% CI = 2.73-5.23). Multivariate analysis revealed that the
statistically significant increase in breast cancer risk was associated with a higher body mass
index (OR = 1.11; 95% CI = 1.04-1.18), menopause (OR =9.11; 95% CI =4.76-17.47), and
high triglyceride levels (OR = 4.5; 95% CI = 2.94-6.88). However, a protective effect for
physical activity was detected (OR = 0.35; 95% CI = 0.26-0.48).

Conclusion: This study suggests that there is a connection between hypertriglyceridemia,
obesity, and breast cancer risk and confirms a protective role for physical activity on breast
cancer risk.
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Introduction

Despite significant advances in cancer therapy and mammography screening
among women aged 50-70 years, breast cancer remains the leading cause of
cancer mortality for women in both developed countries (30%) and develop-
ing countries (14%)' where its incidence rates have been continuously rising.?
Breast cancer is a disease characterized by prevalence, aggressiveness, unequal
geographic distribution, and an increasing incidence throughout the world.*
Environmental factors, including a nutritious diet, either alone or in combina-
tion, have been incriminated in the increase in cancer incidence rates and in its
progressive spread into all regions of the world. Many experimental, clinical,
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and epidemiological studies have revealed that a number
of factors influence breast cancer etiology. Hormonal
factors,>® reproductive factors, genetic factors, life-
style, and dietary factors,” such as obesity and high fat
diet-induced obesity, are among the key factors that have
been studied so far. Yet, the negative effects of overweight,
obesity, and dietary lipids on breast oncogenesis has
been a neglected area of research, not only in Morocco,
but elsewhere as well. No articles by Moroccan medical
researchers in this area have been submitted for publica-
tion. This study therefore aims to refocus attention on this
neglect and to serve as a first step in the assessment of the
relationship between lipid profiles, overweight, and breast
cancer among Moroccan women.

Patients and methods

This case-control study was carried out over a period of
24 months at Sidi Mohammed Ben Abdellah National
Institute of Oncology, Rabat, Morocco. This Institute, which
is part of the Ibn Sina University Hospital of Rabat, Morocco,
is dedicated exclusively to fighting cancer.

Patients

Inclusion criteria

The study included a population of Moroccan women (selected
between December 2008 and December 2010) who were
divided into two groups: a group of patients diagnosed with
breast cancer in oncology consultations recruited at the National
Institute of Oncology of Rabat and a group of breast cancer-free
controls recruited at the same Institute within the framework
of the cancer screening campaign organized by government
authorities after having undergone a mammography that showed
no signs of breast cancer. To ensure maximum compatibility
between cases and controls, and to ensure a representative
sample of the target group, healthy women were selected from
the same group that gave rise to the cases. In order to avoid any
misinterpretation of the findings, each case was matched with
one control of the same age. The subjects recruited for this
study were aged between 22 and 75 years and were divided
into three age groups (22—34 years, 35-44 years, 45 years and
over). The subjects provided informed consent to participate in
this study. All information from medical records and clinical
interviews with both patients and healthy controls was fed into
a data entry form. The epidemiological data collected included:
(a) age, (b) place of residence, (c) menopausal status (for this
study, menopause is defined as amenorrhea = 12 months), and
(d) physical activity. One of the aims of the questionnaire was
to collect detailed information about physical activity, using

as a frame of reference the definition put forth by the World
Health Organization, namely, ““any bodily movement produced
by skeletal muscles that requires energy expenditure”,® with
particular emphasis on (a) workplace-related activities,
particularly manual activities, (b) activities required to fulfill
household chores and shopping, (c) recreational activities such
as sports, (d) a sedentary lifestyle which is referred to as being
the “performance of less than 30 minutes of physical activity per
day”,’ and (e) overweight which was measured at diagnosis by
Quetelet Index’® or body mass index (BMI; weight in kilograms
divided by height in meters squared).

Exemption criteria

Women with chronic diseases such as high blood pressure,
diabetes, and coronary heart disease were excluded as they
were likely to compromise the biochemical profile. Women
who were not within the age range of 22-75 years, and
patients who were prescribed a treatment (chemotherapy,
radiation therapy, hormone therapy) were also exempted
from the study.

Biochemical tests

Biochemical tests were carried out in the biochemical labo-
ratory at the National Institute of Oncology using a Hitachi
912 automatic analyzer (Hitachi Ltd, Tokyo, Japan). Serum
lipid measurements were determined from fresh serum
samples drawn after a 12 hour overnight fast. Total choles-
terol (CT), triglycerides (TG), and high density lipoprotein
(HDL) cholesterol were determined by standard enzymatic
methods using sampling kits marketed by Roche (Basel,
Switzerland). The levels of low density lipoprotein (LDL)
cholesterol were indirectly calculated from the results of CT
and TG using Friedewald’s classical formula:

LDL-C = (Total cholesterol) — (HDL cholesterol)
— Triglycerides/2.2 for mmol/L or
triglycerides/5 in grams/L. (1)

The mean levels of CT, TG, HDL cholesterol, and LDL
cholesterol are 3.61-5.16 mmol/L, 0.45—-1.71 mmol/L, 1.15—
1.93 mmol/L, and 0-3.35 mmol/L, respectively. The results
were validated by a daily quality control using normal sera
control (Precinorm U [Roche]) and pathological serum control
(Precipath U [Roche]) introduced into a series of assays.

Statistical analysis

The biological and epidemiological parameters collected
in survey forms were stored, coded, analyzed using the
Statistical Package for Social Sciences (SPSS) v13.0 (IBM
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Corporation, Armonk, NY, USA), and then subjected to
bivariate and multivariate analyses. For bivariate analy-
sis, the comparison of the means for quantitative and
qualitative variables was carried out using Student’s #-test
and Pearson’s Chi-square test, respectively. The results
were expressed as mean * standard deviation or in count
and percentage.

For multivariate analysis, the variables collected from the
study were tested for their potential relationship with breast
cancer. During the first stage, each variable was assessed
independently by univariate analysis which was adjusted
for age, and during the second stage, all variables were
fed into a multiple regression model to assess the odds ratios.
A threshold of P < 0.05 was considered significant.

Results

Eight hundred women were included in this study and were
divided into two populations: a population of 400 women
with breast cancer and a population of 400 women who
were breast cancer-free. Table 1 shows that the average
age was 45.51 = 11.25 years in the group of controls and
45.83 £ 11.05 years in the group of patients (P = 0.685).
BMI was determined for each patient. The mean BMI was
significantly higher in the patient group (28.35 + 4.36 kg/m?
versus 24.4 £+ 3.22 kg/m?, P < 0.001). Figure 1 shows that
there is a prevalence of obesity in the 22—34 years and in
the 45 years and over age groups in the control group and in

Table | Demographic and epidemiological characteristics of
control and breast cancer patients

Characteristics N =400 P-value
Control Breast cancer
patients patients
Age group (years)
22 to 34 64 (16.8%) 60 (15%) 0.843
35 to 44 112 (28%) 108 (27%)
45 and over 224 (56%) 232 (58%)
Menopausal status
No 240 (60%) 144 (36%) <0.001
Yes 160 (40%) 256 (64%)
Physical activity
Low (sedentary) 132 (33%) 308 (77%) <0.001
Moderate 76 (19%) 68 (17%)
High 192 (48%) 24 (6%)
Body mass index (BMI) group
Low 4 (1%) 8 (2%) <0.001
Moderate 256 (65.3%) 76 (19.2%)
Overweight 108 (27.6%) 160 (40.4%)
Obese 24 (6.1%) 152 (38.4%)

Notes: Values are expressed as mean + standard deviation or in count and percentage.
For body mass index (BMI) groups: low BMI = <18.5 kg/m% normal BMI = 18.5 to
<25 kg/m?; overweight BMI = 25 to <30 kg/m?; obese BMI = >30 kg/m2.

the 35—44 years and the 45 years and over age groups in the
population with breast cancer.

The distribution of patients according to menopausal
status shows that the percentage of menopausal women in
the patient group is statistically higher than in the control
group (64% versus 40%, P < 0.001).

The distribution of patients according to the intensity
of physical activity shows that the physical inactivity rate
was higher in the patient population than in the control
population (77% versus 33%, P < 0.001). Table 2 describes
the biochemical characteristics of the two groups. The
average triglyceride level was significantly higher in patients
with breast cancer than in healthy women irrespective of age
(1.41£0.62 mmol/L versus 1.08 + 0.43 mmol/L, P < 0.001).
However, there was no statistically significant difference
between the two groups with respect to CT, HDL cholesterol,
and LDL cholesterol. The results recorded in Table 3 shows
that the number of women with hypertriglyceridemia in the
normal weight, overweight, and obese groups was signifi-
cantly higher in the population with breast cancer than in
the control population. The data in Table 4 shows that (a)
BMI increases the risk for breast cancer 1.31 fold (95%
confidence interval [CI] = 1.25—1.37), which is a statistically
significant increase (P < 0.001), (b) menopause increases
the risk of breast cancer 2.68 fold (95% CI=2.00-3.55), and
(c) physical activity decreases breast cancer risk 0.26 fold
(95% CI =0.21-0.31). With respect to the lipid biomarkers,
this study highlights a significant correlation between tri-
glycerides and breast cancer (odds ratio [OR] = 3.78, 95%
CI =2.73-5.23). However, CT, HDL cholesterol, and LDL
cholesterol were not identified as markers of breast cancer
risk. All variables that were significantly associated with
the incidence of breast cancer were then fed into multivari-
ate regression analysis (Table 5) to generate an odds ratio.
This analysis highlighted that a significant increase in risk
was associated with BMI (OR =1.11, 95% CI = 1.04-1.18),
menopausal status (OR =9.11, 95% CI =4.76-17.47), and
triglycerides (OR = 4.5, 95% CI = 2.94-6.88). However,
physical activity was a protective factor (OR = 0.35, 95%
CI=0.26-0.48).

Discussion

This study highlights the culpability of overweight in breast
carcinogenesis and disruption of the lipid profile, including
blood triglycerides, in female patients. This study involved
400 patients with breast cancer. This is an admittedly small
sample size and may not be representative of the largest
number of patients admitted to the National Institute of
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Figure | Distribution of age groups of patients and controls according to body mass index.

Oncology of Rabat. Yet, this study narrowed down the sample
size of patients and used a selection bias toward those who
have not undergone a therapeutic treatment (chemotherapy,
radiotherapy, or any other therapy) as they could skew
the results of the biochemical tests. The analysis of the
general features of the patients with breast cancer shows
that patients aged over 45 years, with a mean age of 45.83
+ 11.05 years, were the most affected age group, and this

Table 2 Biochemical characteristics of control and breast cancer
patients

Lipid parameters N =400
Control Breast cancer
patients patients
Cholesterol in mmol/L 4.56 +0.74 4,58 +0.82
Cholesterol level
Low 40 (10%) 36 (9%)
Moderate 336 (84%) 244 (61%)
High 24 (6%) 120 (30%)
Triglyceride in mmol/L 1.08 + 0.43 |41 +0.62*
Triglyceride level
Low 64 (16%) 36 (9%)
Moderate 332 (83%) 316 (79%)
High 4 (1%) 48 (12%)
HDL cholesterol 1.44 £ 0.31 1.44 £ 0.31
in mmol/L
HDL cholesterol levels
Low 56 (14%) 116 (29%)
Moderate 320 (80%) 260 (65%)
High 24 (6%) 24 (6%)
LDL cholesterol 2.58 £ 0.69 2.65+ 1.06
in mmol/L
LDL cholesterol levels
Low 364 (91.9%) 300 (75.8%)
High 32 (8.1%) 96 (24.2%)

Notes: Values are expressed as mean * standard deviation or in count and
percentage. Significance threshold P < 0.05. *This result was statistically significant.
Abbreviations: HDL, high density lipoprotein; LDL, low density lipoprotein.

is an age range that coincides with menopause which is a
period marked by many physiological and hormonal changes
in women. The results recorded in Tables 4 and 5 show that
menopause significantly increases the risk of breast cancer
irrespective of age. This may be attributed to the increase in
the prevalence of risk factors associated with breast cancer
among menopausal women. The prevalence of obesity was
significantly higher among the breast cancer population when
compared with the control population (38.4% versus 6.1%,
P < 0.001, Table 1) and therefore obesity is incriminated
as a cause in the rise in breast cancer incidence. This is
consistent with data in the literature which views obesity as
a breast cancer risk factor.!” In a prospective study involving
99,039 postmenopausal women, Ahn et al'' focused on
the association between adiposity and weight change with
incidence of breast cancer. The results of this study are
(a) weight gain is partly responsible for breast cancer, (b)
BMI was associated with an increased risk of breast cancer,
especially among women who were not on menopausal

Table 3 Distribution of women with hypertrigyceridemia accord-
ing to body mass index in the control and patient population

Body mass Women with Women with

index hypertriglyceridemia hypertriglyceridemia
in the control in the patient
population population
N=4 N =48

Underweight 0% 0%

group

Normal weight 0% 5.3%*

group

Overweight 3.7% 7.5%*

group

Obesity group 0% 21.1%*

Note: Significance threshold P < 0.05. *These results were statistically significant.
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Table 4 Risk factors for breast cancer analyzed by univariate
analysis

Variables Odds 95% confidence P-value
ratio interval
Body mass index 1.31 1.25-1.37 <0.001
Physical activity 0.26 0.21-0.31 <0.001
Menopause 2.68 2.00-3.55 <0.001
Total cholesterol 1.12 0.71-1.71 0.624
Triglycerides 3.78 2.73-5.23 <0.001
HDL cholesterol 0.85 0.28-2.57 0.778
LDL cholesterol 1.26 0.84-1.88 0.256

Note: Odds ratio has been adjusted for age by univariate logistic regression.
Abbreviations: HDL, high density lipoprotein; LDL, low density lipoprotein.

hormone therapy, and (c) all women not on hormone

replacement therapy and who gained weight between 35 and

50 years of age had a 1.4 fold increased risk of developing

breast cancer.

Our findings are consistent with the results reported in
this study.'” We observed that the age group (45 years and
over) that was most affected by breast cancer coincided with
menopause and had a higher prevalence of obesity (Table 1),
and that high BMI significantly increased breast cancer risk
(Tables 4 and 5). In a randomized study, the Women’s Inter-
vention Nutrition Study'? reports that (a) a decrease in the risk
of breast cancer treated at an early stage has been observed as
aresult of a reduction in dietary fat intake, (b) this beneficial
impact appears to be associated with a moderate weight loss
and an improvement in insulin resistance,'? (c) the deleteri-
ous effect of fat intake which is associated with an increase
in estradiol levels was confirmed in a meta-analysis,'* and
(d) excess weight could promote the development of breast
cancer through multiple mechanisms,'* including:

e avariation in endogenous hormone concentrations (insu-
lin, insulin-like growth factors [IGF], and sex hormones)
that could alter the balance between cell growth and
apoptosis, '

e hyperinsulinism which activates a cascade of intracellular
mitogenic and antiapoptotic signaling pathways, '

Table 5 Risk factors for breast cancer identified by multivariate

analysis

Associated Odds 95% confidence P-value
variables ratio interval

Body mass index .11 1.04-1.18 0.002
Physical activity 0.35 0.26-0.48 <0.001
Menopause 9.11 4.76-17.47 <0.001
Triglycerides 4.5 2.94-6.88 <0.001

Note: Odds ratio has been adjusted for age by multivariate logistic regression.

¢ insulin resistance which leads to a decrease in sex hormone-
binding globulin (SHBG) by inhibiting its production in
liver cells,'”!® a decrease in insulin-like growth factor
binding protein (IGFBP) and hence an increase in the
unbound and biologically active fraction of hormone
related proteins (IGF-I/IGFBP and estradiol, testosterone/

SHBG). However, the relationship between estradiol levels

and breast cancer risk has been well documented.

Again, our findings in this study reinforce these results.
We found that among the healthy population, the percentage
of women engaged in moderate and intense physical activity
was statistically higher. Conversely, the physical inactivity rate
was statistically higher among the patient population, and this
is a statistically significant difference when compared with the
healthy population (P < 0.001). Physical activity decreased
breast cancer risk 0.26 fold (95% CI = 0.21-0.31) and was
also a protective factor (OR =0.35, 95% CI=0.26-0.48). Our
results concur closely with the available data in the literature
that stress the importance of physical activity as a means
for primary prevention of cancers, including breast cancer.'
Most of the prospective studies and a substantial number of
case-control studies which have evaluated the relationship
between physical activity and breast cancer risk report a
decreased risk ranging from 20% to 70%—-80%. A state of the
art review on research carried out between 1994 and 2006
about the relationship between breast cancer risk and physical
activity confirms these results.’’ The immediate beneficial
effects of physical activity can be attributed to a decrease in
fat mass,?' and a decrease in insulin resistance and insulin®
(for the same blood glucose sample) by increasing firstly
insulin sensitivity® and then SHBG, which when bonded
with testosterone and estradiol, reduces their biologically
active free fraction.?? Analysis of the biochemical test results
revealed that the levels of triglycerides were statistically higher
in the patient group when compared to the control group
(1.41 £0.62 mmol/L versus 1.08 + 0.43 mmol/L; P < 0.001).
Likewise, hypertriglyceridemia was more common among
overweight and obese patients than among healthy women
with similar body structure. Nonetheless, this study could
not demonstrate significant variations in the mean levels of
CT, HDL cholesterol, and LDL cholesterol whose values
were consistent with the reference values for both groups.
Moreover, the percentage of women with high cholesterol
levels in the patient group was higher than in the control group
(30% versus 6%), but this was not a statistically significant
difference (OR = 1.12; 95% CI = 0.7-1.71, P = 0.624). An
increase in LDL cholesterol was also observed in 24.2% of
the patients as opposed to 8.1% of controls, which was not
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statistically significant. This does not concur with data from
the literature about a possible relationship between increased
levels of LDL cholesterol and the risk of developing breast
cancer. A French study* demonstrated that high levels of trans-
fatty acids (TFA) in blood almost double a woman’s chance
of developing breast cancer. TFA are unsaturated fatty acids
found in animal fats, and particularly in food products such
as pastries and margarine. TFA? increase LDL cholesterol.
Similarly, the recently published E3N cohort study highlighted
the culpability of LDL cholesterol by focusing on effects of
different types of fatty acids on the development of breast
cancer.” Researchers from Inserm and Institut Gustave Roussy
conducted an epidemiologic study® on a cohort of 363 women
diagnosed with breast cancer after a blood sample was analyzed
where they compared the serum fatty acid levels with those of
702 breast cancer-free controls. Other studies, similar to this,
report that “good” cholesterol, or HDL cholesterol, makes
it possible to measure the risk of breast cancer development
among overweight postmenopausal women. According to
a Norwegian study,?® overweight postmenopausal women
with a low level of “good” or HDL cholesterol have a higher
risk of developing breast cancer. Although “good” or HDL
cholesterol plays no direct role in breast cancer, researchers at
the Norwegian University of Tromse? concede that it promotes
screening of women with significantly high androgen levels.
Androgens (male sex hormones), including testosterone, are
linked with the development of breast cancer and would result
in a decrease in HDL levels. According to research studies
of 39,000 patients carried out over 20 years,”® women who
have the highest HDL levels, though overweight, have nearly
less than one-third the risk of developing cancers than those
with very low levels of HDL. The very low level of “good”
cholesterol among these women can serve as a clue for the
medical profession as to the possible presence of a breast
tumor. In general, given the interwoven nature of cancer,
exploring the association between dietary fat and breast cancer
is a long and difficult process. The lag time between exposure
and cancer manifestation is several decades and it is therefore
very hard to correctly determine and measure exposure.
Moreover, the complexity of the multiple risk factors, both
exogenous and endogenous, creates extra difficulties in
measuring the responsibility of each factor. The present study
is the first to address the association between lipid profiles
and overweight Moroccan women. There are two noteworthy
limitations of this study: (a) the number of patients and controls
enrolled was small and (b) it was conducted in a shorter period
of time than is typical of studies which focus on the similar
issues. Nevertheless, one of its strengths lies in providing a

platform to bring together more collaborators (clinicians and
researchers) to carry out a more in-depth study.

Conclusion

The arguments put forth in this case-control study incriminate
obesity and dietary fat as breast cancer risk factors. Obesity
prevalence was higher in the patient group than in the
control group and the difference was statistically significant.
Physical activity exerts an undeniable protective effect on
breast cancer. The analysis of the results of lipid parameters
(CT, TG, HDL-C, LDL-C) used as markers of a diet based
on nutrient-rich foods showed a significant disruption in the
lipid profile which involved a triglyceride dosage in the group
of women with breast cancer. The data gathered through this
study highlight the necessity for sustainable lifestyle practices
that are geared toward decreasing energy intake through a
balanced diet and regular physical activity to reduce the risk
of breast cancer. Prospective studies involving biomarker
analysis and dietary questionnaires among populations with
different dietary habits are needed to bring to light the role
that nutrients, in particular dietary lipids, play in mammary
carcinogenesis among Moroccan women.
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