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Association between Vegetable, Fruit and Carbohydrate Intake
and Breast Cancer Risk in Relation to Physical Activity

Joanna Kruk

Abstract

Background: Although the nutritional may exert effect on the breast cancer risk, it is not clear whether
the role diet is the same in sedentary and physically active women. The aim of this study was to evaluate the
association between fruit, vegetable and carbohydrate intake and the risk of breast cancer among Polish women
considering their physical activity level. Materials and Methods: A case-control study was conducted that included
858 women with histological confirmed breast cancer and 1,085 controls, free of any cancer diagnosis, aged
28-78 years. The study was based on a self-administered questionnaire to ascertain physical activity, dietary
intake, sociodemographic characteristics, reproductive factors, family history of breast cancer, current weight
and high, and other lifestyle factors. Odds ratios (ORs) and 95% confidence intervals (CIs) were estimated
in unconditional logistic regression analyses including a broad range of potential confounders. Results: With
comparison of the highest vs lowest quartile of intake, strong significant associations were observed for total
vegetables (OR=0.37, 95 % CI1=0.20-0.69 P for trend <0.01 and OR=0.53, 95 % C1=0.29-0.96, P for trend <0.02),
and total fruits (OR=0.47, 95 % CI1=0.25-0.87, P for trend <0.05 and OR=0.47, 95% CI1=0.24-0.90, P for trend
<0.02) among women characterized by the lowest and the highest quartile of physical activity. No associations
were observed for total carbohydrate intake. Additional analysis showed a positive association for sweets and
desert intake among women in the lowest quartile of physical activity (OR=3.49, 95 % CI=1.67-7.30, P for trend
<0.009) for extreme quartiles of intake comparing to the referent group. Conclusions: The results suggest that
a higher consumption of vegetable and fruit may be associated with a decreased risk of breast cancer, especially
among women who were low or most physically active throughout their lifetimes. These findings do not support
an association between diet high in carbohydrate and breast cancer. However, a higher intake of sweets and
deserts may by associated with an increased risk of breast cancer among women who were less physically active.
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Introduction

Among dietary components that have been suggested
as agents for reduction of breast cancer risk a greater
consumption of vegetables and/or fruits has attracted
much attention. In a few meta-analysis, majority of studies
reported an inverse association of a higher consumption
of fresh vegetables/fruits and the risk of breast cancer
(Gandini et al., 2000; Smith-Warner et al., 2001; Michels
etal.,2007; Brennan et al.,2010; Albuquerque et al.,2013;
Hui et al., 2013). However, the protective effect remains
uncertain, due to the methodological limitations, such as a
small sample size, risk adjustment for no full confounders
or a limited number of food items in the questionnaires
employed. In turn, fat, red meat, carbohydrates have been
reported as a factor for increased breast cancer risk in some
case-control studies (Holmes and Willett, 2004; Romieu
and Lajous, 2009; Yun et al., 2010; Sulaiman et al., 2011;
Kruk and Marchlewicz, 2013; Oxford University Press,
2014). However, the results remained uncertain as no

overall significant association between carbohydrates and
breast cancer risk had been found in prospective studies
of adult diet (Cho et al., 2003; Nielsen et al 2005; Silvera
et al., 2005; Giles et al., 2006). Previous work from our
group has shown that a high consumption of animal fat
significantly increased risk of breast cancer independent
of physical activity level (Kruk and Marchlewicz, 2013).
The aim of this case-control study was to evaluate the
association between fruit/vegetable and carbohydrate
consumption and the risk of breast cancer among Polish
women considering their physical activity level.

Materials and Methods

Study subjects

The design of this case-control study has previously
been described in details (Kruk, 2007; Kruk, 2009).
Briefly, this study was conducted between January 2003
and May 2007 in the Region of Western Pomerania.
Cases were identified from the Szczecin Regional
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Cancer Registry that covered the mentioned geographic
region. Cases were women aged 28-79 years old, were
diagnosed with histologically confirmed invasive breast
cancer. The overall response rate for the cases was 50.6%
(881 questionnaires completed out of 1740 eligible
and available cases). Female controls were frequency
matched by age (5-year interval) and residence (urban,
rural) to cases. They were free of any cancer diagnosis
and randomly recruited among the outpatients of clinics,
the largest hospital in Szczecin, and four hospitals located
in the Region of West Pomerania. Most of the controls
participating in the study (78.6%) was selected among
patients visiting ambulatories for health controlling
or when they caught a cold. Remaining controls were
selected from hospital patients treated for fractures or
sprains (5.4%), cardiovascular diseases (3.1%), back
pain (2.8%), and other diseases (10.1%), such as skin,
eye, laryngological. The overall response rate for controls
was 69.4% (1121/1615). Finally, data from 858 cases and
1085 controls were included in analyses, since information
collected from 23 cases and 36 controls contained too
many missing data. A signed informed consent was
obtained from each study subject before sending the
questionnaire. This study was approved by The Ethics
Committee of the Pomeranian Medical Academy in
accordance with the Polish Department of Health and
Human Services.

Data collection

Study subjects completed a 8-page self-
administered questionnaire that includes questions about
sociodemographic characteristics (age, residence, marital
status, occupation, education, house-hold income), current
weight, high, lifestyle habits (physical activity, dietary
habits, sleeping, tobacco smoking, alcohol consumption,
experience of psychological stress, use of hormones,
multivitamin supplement, medical and screening history).
Information on dietary intake and alcohol consumption
during adult life (a separate section of the questionnaire)
was gathered from case and control subject modeling on
the Block et al. (1990), and Franceschi et al. (1993) food
frequency questionnaires. This section included 18 main
Polish-specific food group, for example red meat (boiled,
fried, canned) and alternatives, milk and its products,
grain products, vegetables and fruits, sweets, deserts,
unsaturated and saturated fats. Each women was asked
to report types of foods and beverages, including fruit
and vegetable juices and milk. They reported their usual
frequency of consumption as the number of times per
week (<2, 3-4, 5-6, =7) and portion size for food (small,
medium, large) and at least one glass (250 ml) for milk
and juices. In addition, the questionnaire contained a
question for each type of food “Did you intake such type
of nutrient”?, to check an answer. Drinking status was
estimated by indicating frequency of alcohol intake per
at least one drink what means a small bottle or tin of beer,
125 ml of wine or 30 g of high-grade alcohols. Tobacco
use was estimated in terms of usual number of cigarettes
smoked per day regularly at present or in past by a woman
or her life partner. To assess total physical activity the
respondents were asked to complete separate sections
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of the questionnaire that included a comprehensive
assessment lifetime household, occupational and leisure
time activities. Details about physical activity were
recorded in a table format using modified version of Kriska
etal. (1990) and Friedenreich et al. (1998) questionnaires.
The average weekly number of hours per year were
estimated using the formulas given by Friedenreich et
al. (1998) for lifetime record of recreational, household
and occupational physical activities. Physical activity
was quantified in terms of metabolic equivalent (MET)
using the Ainsworth et al. (2000) compendium. The MET
equivalent determines the number of kilocalories per
hour each kilogram of body weight expended in physical
activity. The lifetime averages for total activity were
calculated by summing the average MET-hours/week/
year for each type of activity.

Statistical analysis

Unconditional logistic regression analysis was used to
estimate odds ratios (ORs) and 95% confidence intervals
(CIs). The relationships between dietary components and
breast cancer risk in subgroups of physical activity levels
quartiles were examined after adjusting for age (data not
shown) and further examined after adjusting for various
potential confounding factors selected a priori. Vegetables
considered as confounders in multivariate models were:
age, family history of breast cancer in mother, sisters
or daughters (yes, no), education (elementary school,
middle school, high school, academy, and above), place
of residence (urban/rural), family income average over
past 10 years (low, middle, high), marital status (never
married, married, widowed/divorced), body mass index
(BMI, continuous), age at menarche (continuous), age
at first childbirth (<22, 22-29, =30 years), number of
pregnancies (0, 1, 2, =3), months of breast feeding (0,
<6, =6), use of oral contraceptives (never, ever), age at
menopause (<50, 50-54, =55 years), postmenopausal
hormone replacement therapy (HRT) use (never, ever),
smoking status (yes, no), passive smoking from husband
(yes, no), alcohol consumption (never, <1 drink/week,
2-4 drinks/week, =5 drinks/week). Additionally, models
of vegetable, fruit, carbohydrate intake were adjusted for
remaining groups, e.g. red meat, grain products, saturated
fats. Final models included only variables that were
statistically significant in the multivariate analyses and
were found to influence the quality of the model fit; they
were reported in legends of tables. The linear trend tests
were performed by entering the categorical variables as
continuous variables in the models by using the Walds
%? values. Physical activity was divided into 4 levels
according to distribution of the controls. All P-values
are two sided, and a P-value less than 0.05 is considered
statistically significant. All analyses were conducted using
statistical package STATISTICA 98 (stat Soft Polsca,
Krakéw, Poland).

Results

The socio-demographic, anthropometric, reproductive,
and lifestyle characteristics of case and control subjects
have been previously reported (Kruk, 2009). The mean
age for cases was 55.3+9.7 years and 54.8+9.5 years for
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controls. There was no significant difference between case
and control subjects regarding their age (p=0.24). Cases
and controls were similar with respect marital status, age
at menarche, parity, age at first birth, age at menopause,
red meat consumption, alcohol drinking, and usage of
oral contraceptives. Compared to case subjects, controls
we more likely to have a high education level, had lower

BMI, reported longer duration of breast-feeding, were
less likely to have had a family history of breast cancer
in mother or a sister, and to be ever active or passive
smokers. Cases also had lower lifetime total averages for
lifetime total physical activity, were less likely to intake
vegetables and fruits frequently, and were more likely
than controls to experience of psychological stress. There

Table 1. Odds Ratios and 95% Intervals of Breast Cancer Associated with Dietary Components

Variable (frequency per week) Cases Controls OR (95% CI) Cases Controls OR (95% CI)
Vegetables consumption by quartiles and total lifetime physical activity levels
<105 MET-h/week 105-<138 MET-h/week
<2 83 31 1.00* 51 29 1.00°
3-4 87 73 0.48(0.26-0.88) 65 75 0.78(0.39-1.56)
5-6 65 63 0.45(0.24-0.86) 49 76 0.59(0.27-1.29)
=7 63 68 0.37(0.20-0.69) 48 59 0.74(0.36-1.51)
P trend <0.01 <0.62
138-<170 MET-h/week =170 MET-h/week
<2 23 22 1.00¢ 35 44 1.00¢
3-4 37 87 0.50(0.21-1.22) 52 83 0.85(0.45-1.59)
5-6 35 65 0.57(0.25-1.31) 64 115 0.65(0.35-1.00)
=7 43 72 0.63(0.28-1.42) 58 151 0.53(0.29-0.96)
P trend <0.16 <0.02
Fruits consumption by quartiles and total lifetime physical activity levels
<105 MET-h/week 105-<138 MET-h/week
<2 69 28 1.00* 51 25 1.00°
3-4 57 43 0.60(0.30-1.19) 29 42 0.40(0.17-0.95)
5-6 56 58 0.48(0.24-0.99) 44 63 0.49(0.23-1.02)
=7 116 106 0.47(0.25-0.87) 89 109 0.62(0.32-1.22)
P trend <0.05 <0.61
138-<170 MET-h/week =170 MET-h/week
<2 19 20 1.00¢ 29 29 1.00¢
3-4 23 27 0.84(0.29-2.47) 40 57 0.60(0.27-1.33)
5-6 30 62 0.34(0.13-0.86) 41 96 0.36(0.17-0.76)
=7 66 109 0.52(0.23-1.19) 99 211 0.47(0.24-0.90)
P trend <0.16 <0.02

Carbohydrate consumption by quartiles and total lifetime physical activity levels

<105 MET-h/week 105-<138 MET-h/week

<2 34 29 1.00? 23 27 1.00°

3-4 20 28 0.54(0.21-1.39) 16 26 1.17(0.34-4.03)
5-6 51 40 1.01(0.48-2.14) 36 39 1.84(0.70-4.83)
>7 193 138 1.20(0.65-2.24) 138 147 1.44(0.68-3.05)
P trend <0.28 <0.38

138-<170 MET-h/week >170 MET-h/week

<2 12 22 1.00¢ 20 35 1.00¢

3-4 12 19 1.44(0.39-5.34) 12 31 0.65(0.22-1.93)
5-6 27 31 2.20(0.74-6.57) 33 46 1.17(0.52-2.65)
>7 87 146 1.36(0.57-3.25) 144 281 0.74(0.39-1.42)
P trend <0.63 <043

Sweets and deserts consumption by quartiles and total lifetime physical activity levels

<105 MET-h/week 105-<138 MET-h/week

<2 163 158 1.00* 148 150 1.00°

3-4 60 44 1.08(0.66-1.78) 23 43 0.39(0.18-0.79)
5-6 34 18 1.68(0.81-3.51) 15 25 0.84(0.38-1.85)
=7 41 15 3.49(1.67-7.30) 27 21 1.33(0.64-2.77)
P trend <0.009 <0.88

138-<170 MET-h/week =170 MET-h/week

<2 89 131 1.00¢ 128 226 1.00¢

3-4 20 48 0.71(0.35-1.43) 49 91 0.95(0.60-1.50)
5-6 17 26 1.17(0.55-2.52) 10 35 0.33(0.14-1.78)
=7 12 13 1.76(0.68-4.51) 25 41 0.99(0.55-1.81)
P trend <047 <0.30

*OR-o0dds ratio; CI-95% confidence interval. a Adjusted for age, BMI, education level, breast-feeding, psychological stress, multivitamins supplementation, family history
of breast cancer, passive smoking. b Adjusted for age, BMI, education level, breast-feeding, psychological stress, family history of breast cancer, passive smoking. ¢
Adjusted for age, BMI, education, breast-feeding, psychological stress, passive smoking. d Adjusted for age, education, breast-feeding, psychological stress, passive smoking
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was a strong protective effect associated with higher
consumption of raw vegetables among women in the
lowest and highest quartile of physical activity (Table
1). The multivariate-adjusted OR in the upper quartile
of vegetable intake (intake of seven or more servings per
week) was decreased by 63% that for the referent group
(intake of two or less servings per week) (OR=0.37,
95%C1=0.20-0.69, p<0.01) among women of the lowest
level of physical activity (<105 MET-h/week). There was
a weaker reduction in the risk associated with the fourth
quartile of vegetable intake among women of the highest
level of physical activity (OR=0.53, 95%CI=0.29-0.96,
p<0.02). Among subjects in the second and third quartiles
of physical activity, the risks were suggestively decreased,
although were not statistically significant. ORs associated
with total fruits (fruits plus fruit juice) consumption were
not substantially different from those obtained when total
vegetable consumption was considered. High intake
of fruits was significantly associated with about 50%
decrease in breast cancer risk among women categorized
in the first and fourth quartiles of physical activity
(OR=0.47, 95%CI=0.25-0.87, p<0.05, and OR=0.47,
95%C1=0.24-0.90, p<0.02, respectively), for subjects in
the highest quartile of fruit consumption compared with
subjects in the lowest quartile.

Carbohydrate intake was not associated with breast
cancer, independently on physical activity level. The
multivariate-adjusted ORs that compared the first and
fourth quartiles of intake were: 1.20 (95%CI=0.65-
2.24), p<0.28; 1.44 (95%CI1=0.68-3.05), p<0.38; 1.36
(95%CI1=0.57-3.25), p<0.63, and 0.74 (95%CI=0.39-
1.42), p<0.43, for the first, second, third, and fourth
quartile of physical activity, respectively.

We conducted further analysis to determinate
whether dietary sweets and deserts were associated with
breast cancer risk. We observed statistically important
positive association between the risk of breast cancer
for sweets and deserts intake only among women in the
lowest quartile of physical activity. The OR for extreme
quartile of sweets and deserts consumption was 3.49
(95%ClI=1.67-7.30), p<0.009 comparing to the referent
group (intake <2 serving per week).

Discussion

This case-control study with 858 cases and 1085
controls showed a statistically significant protective effect
of vegetables and fruits intake on the development breast
cancer among women in the lowest and in the highest
level of lifetime total physical activity. Our findings are
consistent with several previous studies and support the
hypothesis that a greater intake of raw vegetables and
fresh fruits is associated with a lower breast cancer (La
Vecchia et al., 1987; Iscovich et al., 1989; Pawlega 1992;
Freudenheim et al., 1996; Hirose et al., 2007; Lisowska
et al., 2008; Cottet et al., 2009; Wu et al., 2009; Butler
et al., 2010; Sangrajrang et al., 2013). For example,
Freudenheim et al. (1996) presented a strong significant
reduction of the risk for vegetable intake (OR=0.46,
95%C1=0.28-0.74,p<0.001) and non-significant reduction
(OR=0.67, 95%CI1=0.42-1.09) for fruits intake, for the
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highest quartile of intake versus the lowest quartile.
The inverse association between the vegetable-fruit-
soy dietary pattern and breast cancer risk, particularly
among postmenopausal women, with a dose-dependent
trend for decreasing risk (RR=0.70, 95%CI=0.51-0.95)
was observed among Singapore Chinese women (Butler
et al., 2010). In turn, Lisowska et al. (2008) observed
reduced risk of breast cancer with increasing levels of
total fruit intake among Polish women from Warsaw
and Lodz (OR=0.76, 95%CI=0.63-0.91) for the highest
versus lowest quartile. Similarly, the study of Zhang et
al. (2009) found that women in the highest quartile of
total vegetable and fruit intake had a 72% and a 47%
decreased risk of breast cancer (OR=0.28, 95%CI=0.18-
0.43 and OR=0.53,95%CI=0.34-0.82), respectively. Also,
arecently published study by Zhang et al. (2011) indicated
a 74% decreased the risk of breast cancer among women
in the highest quartile of vegetable-fruit-soy-milk-poultry-
fish intake relative to the lowest quartile. Similarly, a high
consumption of soy food was reported to be inversely
associated with the risk of breast cancer (Zhu et al., 2011;
Liu et al., 2014).

It is also worth noting a 45% reduced risk of breast
cancer associated with high intake of vegetables and a
43% reduction the risk consuming fruits frequently in
Tay women (Sangrajrang et al., 2013). In addition, Bao et
al. (2012) reported decrease in breast cancer risk among
Chinese women for high intake of vegetables and citrus
fruits.

A meta-analysis of 16 selected epidemiological studies
by Brennan et al. (2010) reported a negative association
between the prudent dietary/healthy pattern, defined by
high consumption of vegetables and fruits (OR=0.89,
95%CI1=0.82-0.99, p=0.02). Also, a meta-analysis of
all published studies from 1982 to 1997 (17 studies for
vegetables and 12 for fruits included) confirmed the
protective effect of vegetables against breast cancer,
although a lack of association between fruits intake and
breast cancer (RR=0.75,95%CI=0.66-0.85 and RR=0.94,
95%C1=0.79-1.11, respectively) (Gandini et al., 2000).
In turn, a systematic review and meta-analysis by Gao
et al. (2013) focused on the association between regular
tea consumption and breast cancer risk reported that tea
drinkers had decreased risk by a 21%.

While a few studies (Shibata et al., 1992; Verhoeven
et al., 1997; Terry et al., 2001; Mannisto et al., 2005;
Nkondjock and Ghadirian, 2005; Cui et al., 2007;
Buck et al., 2011) have failed to find a relation between
fruits and vegetables consumption and breast cancer.
Consumption of vegetable pattern was characterized
by high consumption of potatoes and carrots among
examined subjects. Tomatoes contain lycopene, beta
carotene, vitamin E, and other carotenoids. A previously
published review of 72 epidemiological studies confirmed
the protective effect of tomatoes and tomato products
in reducing the risk of a variety cancers (Giovannucci,
1999). Findings indicated that these compounds decrease
the proliferation of human cancer cells (London, 2006).
Because of antioxidant properties dietary tomatoes and
carotenoids as scavengers of oxygen free radicals (Zhang
et al., 1999; Bartosz, 2003) and singlet oxygen (Krinsky
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and Deneke, 1982) may reduce DNA damage, genetic
mutations (Frei, 1994) and enhance immunologic system
functioning (Kelley and Bendich, 1996). In addition,
numerous other substances present in vegetables and
fruits (flavonoids, indoles, sterols) may act as antioxidants
and some of them are able affect estrogen metabolism
(Gao et al., 2013). Growing evidence indicates that too
intense or sporadic exercise training can promote the
formation of cytotoxic reactive oxygen species (ROS) in
muscle that induce disturbance cellular redox balance in
muscle (Davies et al., 1982; Powers et al., 2004; Sarma
et al., 2010). The role of oxidative stress in breast cancer
development was addressed in several studies (Thomson,
1994; Brown and Bicknell, 2001; Klaunig et al., 2010;
Clague and Bernstein, 2012). In contrast, nonexhaustive
exercise reduces sex hormone levels (Alegre et al.,2013),
the production of ROS, improves antioxidant defense
system and enhances the resistance of tissues against
these species (reviewed by Kruk, 2011). As vegetables/
fruits contain a wide range of antioxidants they consist
an important component of antioxidant defense system
that prevents damage of lipids, protein and DNA and
suppresses cancer development in preclinical models
(Reuter et al., 2010). Therefore, it is not surprising that
we observed the preventive effect of vegetables and fruits
among subgroup of women characterized by vigorous
exercise training. All these actions are considered as
hypothesized mechanisms involved in protection against
breast cancer (Wettasinghe et al., 2002; Nyberg et al.,
2003; Xiao et al., 2006). It is worth to add that there is
growing awareness of the protective effect of vegetables
and fruits consumption on breast cancer development.
For example, the study conducted in Asian population
among women after diagnosis of breast cancer reported
that the breast cancer survivors had changed their dietary
habits to improve their health by increased intake of fruits
and vegetables by a 62.8% (Yaw et al., 2014). A study
by George et al. (2011) found that women consuming
better quality diet (rich in vegetables and fruits, poor in
fat, processed foods and complex sugar) and engaging in
regular recreational physical activity had a 88% reduced
risk of death from breast cancer compared with physically
inactive consuming poor quality diet.

In this study we did not observed a direct association
between total carbohydrate intake and breast cancer risk.
However, additional analysis showed that women with the
lowest physical activity level and the highest category of
sweets intake had about 3.5 times significantly higher risk
for breast cancer, compared to those in the lowest category.

The literature data on the relation between carbohydrate
intake and breast cancer are scant. Findings of two
prospective studies suggested decrease in breast cancer
associated with the highest quintile of carbohydrate
intake compared with the lowest quintile (Knekt et al.,
1990; Sieri et al., 2002). In contrast, a study by Barrett-
Connor and Friedlander (1993) found a 93% increase in
breast cancer risk when comparing extreme quintiles of
carbohydrate intake with the lowest quintile. However,
several large prospective studies (Kushi et al., 1992;
Horn-Ross et al., 2002; Holmes et al., 2004; Silvera et al.,
2005; Lajous et al., 2008) did not found the relationship
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between carbohydrate intake and breast cancer risk,
although results from a few studies suggested that this
relation may be dependent on lifestyle and menopausal
status (Holmes et al., 2004; Giles et al., 2006). No overall
association was also seen between carbohydrate intake and
breast cancer risk in a hospital-based case-control study
of women in South Korea (Yun et al., 2010). Moreover,
the recently published meta-analysis by Dong and Qin
(2011) on the role of dietary glycemic index (GI) and
glucemic load (GL) in relationship to breast cancer
risk, based on 10 prospective cohort studies involving
15,839 cases and 577,538 participants, reported a 8%
increased summary RR of breast cancer risk (RR=1.08,
95%ClI=1.02-1.14) for the highest GI intake compared
with the lowest, and no significant relationship between
dietary GL and the risk of breast cancer. The GI ranks
the carbohydrate content of particular foods, due to their
glycemic effects. Consumption of diets of high GI is linked
with high blood glucose and insulin levels (Dong and Qin,
2011). Both substances have been positively associated
with breast cancer (Larsson et al., 2007; Tworoger et al.,
2007; Gunter et al., 2009; Minatoya et al., 2013). There
was evidence that plasma C-peptide is increased at high
insulin concentrations, and the marker is directly linked
with GL (Wu et al., 2004). In turn, elevated insulin levels
may increase circulating insulin-growth factor 1 (IGF-1)
- a protein showing strong proliferative and antiapoptic
effects on human mammary cells (Haluska et al., 2006;
Chlebowski, 2013).

The present study has some limitations that should be
addressed. The case-control design of the study concerns
the likelihood of selection and recall bias, that are common
to this type of studies. This study was designed with
ascertainment of total lifetime physical activity, diet and
potentially risk factors. The overall response rate was
lower among breast cancer cases than among controls.
Although, the associations between risk factors and
breast cancer found in this group of women examined
previously (Kruk 2007) are generally consistent with those
in the subject literature, thus probability of selection bias
should be reduced in our findings. In addition, the study
subjects were very similar in several medical, lifestyle,
socioeconomic and diet characteristics with a women
sample surveyed by Chief Central Statistical Office (GUS)
as the Polish Population Health Survey (GUS 2004).
Recall bias is the next major concern, because assessment
of dietary habits in past meets several methodological
problems. Additionally, cases may recall their diet after
cancer diagnosis more clearly than controls. Our median
time from the disease diagnosis to interview was about
two years. However, Maruti et al. (2009) did not find any
evidence for greater “differential recall bias” when they
compared results for time intervals <2 years and >2 years.
In addition, recall bias would be minimized as our women
were assessed on diet and physical activity together
with reproductive, anthropometric, socioeconomic, and
other lifestyle factors (e.g. habits, possibility, Gorner et
al., 2013) thus they were not influenced by knowledge
of diet-breast cancer estimation as a breast cancer risk.
Moreover, there is still limited awareness of the effect
of diet and physical activity on breast cancer risk among
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Polish women. The study of Waskiewicz et al. (2008), that
evaluated the association between the health knowledge
and the dietary behaviours among the Polish population
with diagnosed cardiovascular diseases (7257 persons aged
24-74) found that the subjects had low level of knowledge
of the preventive role of nutrition against heart diseases.
Only 23% women had knowledge of the preventive role
of regular fruit and vegetable intake against cardiovascular
diseases. Misclassification of dietary intakes could also
occur due to the questionnaire used, although this would
tend to attenuate the estimate of the risk towards null.
Like most studies on this subject, we did not have data
for the changes of lifetime usual dietary habits, and total
energy intake. However, Macdonald et al. (2005) and
Chen et al. (2006) found that adults in general maintain a
relatively stable nutrient intake for a long time. Random
measurement error in examine of usual consumption
would also tend to decrease the true risk. We used food-
frequency questionnaire that is less accurate than that
allowing to assess intake quantitatively. Although, we
gathered information on portion size (large, medium,
small), use of smoked or fried food, and fresh vegetables.
Another noteworthy limitation is misclassification of the
exposure variables, due to inaccurate self-reported data,
although information was collected from case and control
subjects using the same method.

This study has also several strengths. First, the study
involved a large number of cases and controls, and
therefore, we were able to perform dose-response analysis
in subgroups regarding physical activity level. Second, all
cases had histological confirmation of breast cancer. Third,
detailed information about a broad range of potential
confounding variables was collected and considered in
the standard multivariate model. Effects of confounders
were minimized by utilizing a range of covariates. Fourth,
to our knowledge this was first case-control study that
examined the association between total vegetable and fruit
consumption and breast cancer among subgroup of Polish
women that considered physical activity level. Another
major strength of the present study is that our results agree
with the recommendations of the WCRF/AICR Second
Expert Report (2007) about diet and physical activity for
cancer prevention.

In conclusion, the present findings indicate that greater
intake of vegetables and fruits is associated with a lower
risk of breast cancer in sedentary and high active women.
The evidence was more consistent for vegetables than
fruits. Furthermore, for vegetables and fruits a strong
reduction in risk was also seen for the third compared
with the lowest quartile. In turn, total carbohydrate
consumption was not significantly linked to breast
cancer except sweets and deserts intake among sedentary
women. These results suggest that dietary sweets and
deserts consumption may be relevance to the risk among
women with low level of physical activity. These findings
should be confirmed in other population studies with a
more precise characterization of intake. If further studies
confirm, the results can have great public implication as
diet rich in vegetables and fruits and increased level of
physical activity are inexpensive means targeting breast
cancer risk.
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