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Abstract

Introduction: Several studies have shown the effect of dietatiepns on breast cancer risk but none has
been conducted in Argentina. The aim of this stweyg to extract dietary patterns from FFQ and tonege
their effect on breast cancer occurrence whilengkato account aggregation factors (family histofyreast
cancer),and to explore the sensitivity of the eatés to changes in the assumptidisthods: A Principal
Component Exploratory Factor Analysis was appleiientify dietary patterns, which were then inéddas
covariates in a multilevel logistic regression. Hgrhistory of BC was considered as a clusteringalde. A
multiple probabilistic sensitivity analysis wasa@|serformedResults. The study included 100 cases and 294
controls. Four dietary patterns were identifi€daditional (fat meats, bakery products and vegetable oil and
mayonnaise) (OR Il tertilevs | 3.13, 95%CI 2.5878), Rural (processed meat) (OR Il tertilevs | 2.02,
95%Cl 1.21-3.37) anftarchy (refined grains) (OR lll tertilevs | 1.82, 95%CIL8-2.79) dietary patterns
were positively associated with BC risk, whereasRiudent pattern (fruit and non-starchy vegetables) (OR
Il tertilevs 1 0.56, 95%CI 0.41-0.77) showed atpntive effect. Foifraditional pattern, the median bias-
adjusted ORs (3.52) were higher than the conveattigth76).Conclusions: While thePrudent pattern was
associated with a reduced risk of BlZaditional, Rural andStarchy patterns showed a promoting effect.

Despite the threats to validity, the nature of asdmns was not strongly affected.

Key words: dietary patterns, breast cancer, Argentinultilevel, sensitivity analysis.

I ntroduction

Breast cancer is a worldwide leading cause of gameetality and the most common form of cancer
affecting women [1]. Moreover, when both sexescangsidered it also has the highest incidence[2]. In
Argentina, the female breast cancer mortality veds 20.7x100000 person-years (py) in 2000, higtean t
that reported in North America and in all otherihadmerican countries [3]. A breast cancer inciden€
75.45 x 100000py women was reported in 2004 inagbimtry, and in Cordoba (a central Argentinean
province)breast cancer represents 25% of total tsimmong the female population [4].

Scientific evidence suggests that life style factarch as diet, obesity and lack of physical agtivi
as well as certain reproductive choices, can mdtigyrisk of breast cancer [5, 6]. Life style higmsicantly
changed in the last 20 years worldwide (Swinburn B@&L1). Argentina, like most Latin American
developing countries, is undergoing a rapid epidémgical transition featuring a shift in dietarydiiz and
physical activity patterns [7]. Dietary habits senplay an important role in breast cancer etigjog
however, apart from a consistent direct associdigiween alcohol intake and breast cancer [8, 8%t rof

the relationships between foods or nutrients aigtyfpe of cancer remain controversial [10].

Results from studies of single nutrients and fomdy be inconsistent because they cannot

disaggregate individual effects of highly correthfeods or may be unable to account for synergistic



interactions of food combinations and constitu¢h®s 11]. The use of dietary patterns encompasses t
combined effects of multiple dietary components affidrs an alternative dimension to probe diet-alsse
relationships and also has value in guiding dietaoglification to reduce disease risk [12]. Explorgtfactor
analysis is a statistical tool that is increasinggyng used for this purpose [13, 10, 14]. Explomatactor
analysis is a procedure that empirically determimbsther a set of observed correlations (foodsutnients)
can, with reasonable accuracy, be thought of #ctefg, or as generated by, a small number of thgiaal
underlying (latent) factors. This method creatdstaty patterns” by aggregating related foods/euts
representing the eating patterns of the study @dijou and distinguishes individuals by their predwant
dietary choices [14].

A substantial amount of research has explorednthgeince of dietary patterns on breast cancer risk
[16, 11, 17, 18, 15, 12, 19, 20]. However mosthelse were conducted in countries in which dietyarg
different to the typical Argentinean diet, charaized by a high consumption of animal protein aas f
obtained mainly from red meat, a low fiber intake digh levels of alcohol consumption [21].

The issue of diet and breast cancer in Argentisable&n considered in terms of foods and nutrients
[22, 23] but never in terms of dietary patternslded, in this country only two studies about dietstterns
and cancer have been reported, namely coloredhbf®d urinary tract cancer [24].

Aim of this study was to extract dietary pattenmenf FFQ and to estimate their effect on breast
cancer occurrence while taking into account agdregdactors (familiar history of breast cancer)ofdover,

a sensitivity analysis of risk estimates by assgndiififerent scenarios was performed.

M ethods

Design and participants

This ongoing case-control study is conducted asgia project named “Environmental
Epidemiology of Cancer in Cérdoba” (EECC) starie@004 covering several aspects of cancer
epidemiology [25,4, 26, 27], including case—constoidies [21, 28] about the relationship of dietang
other environmental exposures with most the frefjoancers identified in Argentina: breast, prostetdon,
and bladder cancer.

The person-time experience that provided the datthfs case-control study was generated from
2008 in the Cérdoba population, the second mostilptgd province (3,067,000 inhabitants, accordinthée
last census) of the country.

Cases were 100 women under 85 years old with ageintof histologically confirmed breast cancer
primary diagnosis (ICD-10th Edition, ICIE10:C50jentified by the Cérdoba Tumor Registry. In the sam
time period, controls were randomly chosen frometeetoral list. Controls were included after the
verification of the absence of any neoplastic tatezl condition as well of conditions which changed
alimentary habits for reasons of religion or custdime verification was performed by asking question

aimed to exclude such conditions and contemplat¢da questionnaire. 294 non-hospital controls hedc
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by sex, age (= 5 y) and place of residence wersidered. The area from which cases come includas ru
and urban counties which are representative ofvtiie population of Cérdoba province [25]. Lessthi@%
of subjects contacted refused to participate.Niissitzally significant differences in age and gesygical
area were found between them and included contraigiever, a possible residual selection bias weesnta
into account and considered in the sensitivity ysial

The study was approved by the Ethical Committedefaculty of Medical Sciences, University of
Cérdoba, and has therefore been performed in aanoedwith the ethical standards laid down in th@419

Declaration of Helsinki. All participants gave imfoed consent prior to their inclusion in the study.

Exposur e Assessment

An at-home face-to-face interview based on a qoestiire was carried out by trained interviewers.
The questionnaire included information on socio-dgraphic characteristics (age, residence, urbaai/rur
status), smoking history (years of smoking, averagaber of cigarettes per day, type of tobaccotgpe of
cigarette), alcohol consumption (type of beverawy® grams per day), self-reported anthropometric
characteristics, menstrual and reproductive histagg at menarche, age at menopause, parity, nwhles
births, breastfeeding), medical insurance, persowalical history and family history of cancer. Rhgb
activity was measured by means of The InternatiBhgkical Activity Questionnaire [29]. Answers to
different items are then expressed as Metaboligvatgnt of Tasks (METSs). Subsequently METS were
categorized into low (<600 METSs), moderate (600LMETs), and high (>1500 METSs) categories of
physical activity intensity.

A validated Food Frequency Questioner (FFQ) [3Q127 items was used. The FFQ was coupled
with a validated photographic atlas based on stainplartion sizes in Argentina [31]. FFQ focusedtioa
five-year period before diagnosis for cases andredghterview for controls. Daily intake quantifigan
(calories, macro and micronutrients) was perforamgdg the software Nutrio 2.0 [32]. Nutrio’s datak of
food composition includes a nutritional food comifioa table of Argentina [33] and information froother
biochemical determinations made at the local 1E34]. Given the characteristics of the interviewssmng

values in a FFQ do not exist.

Statistical Analysis
Dietary patternsidentification

Characterization of dietary patterns was performethe 294 controls. A Principal Component
Exploratory Factor Analysis (PCFA) and a Varimatatmn method were applied.

The 127 food items contained in the FFQ were grdup® 20 predefined food groups based on
similarities in nutrient profile and culinary usaigeArgentinean diet: hard cheeses, soft cheesdsand
yogurt, lean meat (red meat with up to 14% of taitent and skinless chicken), fat meat (red mett mre

than 14% of fat content and chicken with skin),gessed meat (cold meats), eggs, starchy vegetables,



starchy vegetables, fruits, whole grains, refinedrgs, pulses, bakery products, candies (ice cream,
chocolates, peanut buttelylce de leche- milk and sugar caramel -), added sugar and svisetmr, jam,
honey, caramel), butter and milk cream, vegetailtdeand mayonnaise, alcoholic beverages and non-
alcoholic beverages.

The factorability of the correlation matrix was mated by applying the same criteria used
previously [21]: factor eigenvalue greater thastafistical indicators such as Bartlett's testpiericity and
Kaiser—Meyer—Olkin (KMO) (in which values betwee @nd 1.0 indicate factor analysis is appropriate)
Also, Akaike Information (AIC) and Bayesian Infortitn (BIC) were taken into account for parsimony an
plausibility of the factors. The Varimax factoratibn technique was applied to the factor-loadiragrim to
facilitate interpretability of the factors. Eaclttfar was labeled by its dominant food groups aodehwith
absolute rotated factor loadin§.60 were considered. Then, cases and controlsseered by applying the
regression method. These scoring coefficients atdithe degree to which each subject’s diet cordgdam
each of the identified patterns [19]. All participa were then categorized into tertiles (low, madand
high) of each factor scores.

As a second step, each pattern was correlatedswitte life-style and socio-demographic
characteristics, using direct and partial corretatioefficients. The proportion differences tesswaed for

comparison of variables of interest between casdsantrols.

Risk analysis

A multilevel logistic regression (MLR) model foretbinary response (1 if a case, 0 otherwise) was
fitted, considering that the individual probabilifa positive outcome is dependent on both indisidevel
as well as contextual or group variables (famittriy characteristics) of the subject. Covariatdgst-level
of MRL were tertiles of dietary patterns,total emeintake and selected recognized variables indbrencer
risk:Body Mass Index (BMI)[35], gynecological staf86], education[37]and physical activity[38], wnil
family history of breast cancer was considered sscand-level or clustering variable. The model fited
assuming Tertile | (TI) as the reference categatyi¢h represents subjects with the lowest intakebe
dominant foods). Only the variance was estimatetlimysecond hierarchy. Unlike the classical lagist
regression model, MLR was also used to avoid urstienating the standard error of the regression
coefficient of aggregate risk factor, leading t@mstimation of the significance of the risk fad@®]. This is
an important aspect to consider, mainly becauskeeo$mall sample size of this work. There is agesgrthat
a small sample size at level two leads to biastthates of the second-level standard errors, ahanly a

variance (family history of breast cancer), andnegression coefficients, is estimated in our work.

Sensitivity Analysis
A multiple probabilistic sensitivity analysis wasrformed by assigning more conventional
probability density distributions to the valuestioé bias parameters. The goal of such an analysisfind a

plausible range of estimates of the effect of egeand to assess how sensitive the conclusiorts atmnges
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in the assumptions [40].These density distributiaese parameterized on the basis of internal arekt@rnal
validation or evidence. Differential misclassificet was assumed by drawing the sensitivities and
specificities from different trapezoidal distribatis for cases and controls. Thus, a minimum of &rvD0.75
and a maximum of 0.90 and 1 were assigned in gaseantrol specificity respectively, while both
sensitivities ranged from 0.75 to 1. Lower spetifiezvas assigned in the cases group, taking intoaat the
widely documented possibility of recall bias. Ird@tbn, a higher probability to select unexposeslesaand
controls was assumed, as respondents could halerhigerest in health-related issues and havettieal
habits than nonrespondents. However, only a smeati@ation between respondents-nonrespondents and
breast cancer is expected. Thus, we assigned r@gimormal distribution to the selection-bias taatvith
mean 0 and standard deviation 0.21, which yields 9&or probability of the bias factor falling beten
exp(0-1.96*0.21)=0.7 and exp(0+1.96*0.21)=1.5. Hinahe potential confounding effect introduced by
ignoring the effect of some reproductive charastes was considered. Higher parity, higher time of
breastfeeding and lower age at first birth arevall-known protective factors [41, 14] of breashcar. These
characteristics have a higher prevalence in expasece they are more common at a lower socioecanom
status like the traditional pattern. Thus, a prereé of the confounder of 0.2 to 0.3 and 0.1 toM&a2
assigned among exposed and unexposed respectively @rior probability distribution was specifieat the
confounder-breast cancer OR that is lognormal @&% confidence limits of In(0.4) and In(0.9). Théisets
imply that the mean of this prior distribution i®¢0.4)+In(0.9)}/2=-1.1268 with standard deviation
{In(0.4)+In(0.9)}/(2*1.96)=-0.0575. The multiple pbabilistic sensitivity analysis was applied ordythe
effect of Traditional pattern on the risk of breast cancer as it is thetroharacteristic pattern of the
Argentinean diet.

Stata 11.2 software [42] was used for all analffsistor analysis, its rotations and multilevel miode

fitting), including the user-written —episens- coamd [43] for sensitivity analysis.

Selected study participant characteristics are shiowable 1. Ages ranged from 24 to 88 years
and, as expected from the matched design, weréasiamong cases and controls (58.67y+11.88y; 58186y
13.94y, respectively). Cases had more frequentaigiw (p<0.10), presented low physical activity and
higher levels of energy intake (p<0.05). The préiparof women who breastfed was similar in bothups
but the prevalence of lactation for six or more therwas more frequent in woman with breast cand@rvé
84%). A minority of cases and controls had menabzfere 12 years old. As regards the educatiorabbaj
there was a similar distribution in cases and at®ifmost women presented medium educational iavel

both groups).



Dietary patterns

Four primary dietary patterns were identified (cletive variance around 40%). The factor loadings
matrix among controls is shown in Table 2. Oveeatimated KMO values indicated that factor analygis
suitable for the dataset (KMO=0.65). Factor 1 @igpt high loadings for fat meats, bakery products a
vegetable oil and mayonnaise. This factor was ddheTraditional pattern, explaining 13% of the variance.
The second factor, defined as R alpattern, showed high loadings for processed meheaplains 10% of
the variance. The third factor, defined ®reident pattern, had the greatest absolute loadings onhdndi the
non-starchy vegetables group, explaining 7% of/ivéance. The last pattern was characterized hy hig
positive loadings of refined grains, and a negdtagling for whole grain consumption, and was lati¢he
Sarchy pattern.

Correlations between dietary patterns and othectsd variables are shown in Table 3. The
Traditional, Rural andStarchy patterns were associated positively with total gnémtake (Pearson

correlations).

Risk analysis

Adjusted odds ratios (OR) and the corresponding 8686idence intervals (95%CI) for breast
cancer by tertiles of dietary pattern scores aosvshin Table 4. Four simultaneous dietary facttogether
with BMI, educational level, total energy intakgngcological status and physical activity weretdided in
the multilevel model, considering family historylmfeast cancer as a clustering variable (Tablévémen
belonging to the second or third tertiles of Tmeditional pattern had significantly higher risk for breast
cancer than the reference (OR 1.63 95%CI 1.59-at®OR 3.13, 95%CI 2.58-3.78, respectively). High
scores for thé&ural andStarchy patterns were also positively related to breastearisk (OR 2.02, 95%ClI
1.21-3.37; OR 1.82, 95%CI 1.18-2.79, respectivelfigreas the same category of fmadent pattern
showed a protective effect (OR 0.56, 95%CI 0.4170.¥Moreover, women with BM+25 kg/nfhad a higher
risk of breast cancer compared with those withegneeight (OR 1.52 95%CI 1.31-1.75). The highest
category of total energy intake evidenced a promgotiffect (OR 1.55 95%CI 1.29-1.88) and a lower
education level was inversely associated with tremscer (OR 0.56 95%CI 0.34—-0.91).

Finally, results of the probabilistic sensitivitgadysis show that the bias-adjusted median OR2)3.5
is higher than the conventional (2.76), but therat 95% simulation limits including systematicdarandom

error is 90% higher than the conventional (Table 4)

Discussion

This work identified 4 dietary patterns that expkd about 37 % of the total variance in dietary
intakes. These preliminary results show thatTiteglitional (fat meats, bakery products and vegetable oil and
mayonnaise)Rural (processed meat) aiarchy patterns (refined grains) were positively asseciat

whereas therudent pattern (fruit and non-starchy vegetables grougd megatively associated with an



increased risk of breast cancer. BMI and total gynartake also have a promoting effect on breastea
occurrence, while low educational level has a pnéve effect. Because it is well-established inejen
epidemiology that family history is an importantlicator of family aggregation of disease, we pragboa
modeling approach including breast cancer famibydry as a possible clustering variable of subjects
Although the portion of explained variability wastrsignificant, we decided to maintain it for pdssi
interpretations and comparisons with similar apphea in risk factors in cancer studies. A womaisk of
breast cancer approximately doubles if she hastdegree relative (mother, sister, daughter) hd®been
diagnosed with breast cancer. About 15% of womea @t breast cancer had a family member diagnosed
with it.

To our knowledge, no study on breast cancer artchdiz been published applying factor analysis in
Argentina. In the present study an elevated ridire&st cancer was evident for second and thititeteof
the Traditional pattern. Similar patterns were found by severs¢aechers, frequently named the Western
pattern [44, 20, 45, 46] and, as in our study, nebshese had a promoting effect on breast canoaureence.
Conversely, a recent systematic review and metbsinan dietary patterns and breast cancer risklcoed
there was no evidence of a difference in the ridikreast cancer between the highest and the lowest
categories ofVestern/unhealthy dietary patterns [47].

In a case—control study carried out in Cordoba @tgentina) to describe the role of dietary patser
on the risk of developing urinary tract tumors, téietary patterns similar to oiiraditional andPrudent
patterns were identified [24]. However, a multip@respondence analysis was used to explore dietary
patterns and both sexes were considered.

Barbecued red meat is most prevalent in the Argeati population, where there is traditionally a
high consumption of animal protein and fats obtdimainly from red meat [48, 21]. Particularly inr@éba
province, Navarro et al. [48] reported a high ietaf meat and meat products, with a mean of al®@ig2d.
There has been no clear scientific consensuswhldther red and processed meat intake increaseskhe
of breast cancer. Results from a recent reviewnagid-analysis of red and processed meat consumption
and breast cancer concluded that it did not apjpeae independently associated with increasingistke
of breast cancer [49].

TheRural pattern, basically composed of processed meatalgsageported in other studies, named
as theWestern pattern [50]. This pattern displayed a 2-fold gase in risk for the higher category in the
Montevideo (Uruguay) population, and the same tega$ observed in our study in Cérdoba (Argentina).
Uruguay’s major ethnic streams and diet are sinbldhe Argentinean, though recently the existesfce
country-specific patterns has been emphasized4iiQugh ourTraditional andRural patterns had
differences with the Southern Cone pattern iderdifty Pou et al. in Cérdoba province, it is cléat red
meat is present in all of them. The main distintti@tween those patterns might be explained by the
differences in drinking habits between female ardengenders. Traditionally, Argentinean women dieds
alcohol than men, which could explain the abseridegh loadings on alcoholic beverages.Accordinghs

National Risk Factors Survey in Argentina in 20@%ular alcohol risk consumption and episodic esives
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alcohol consumption in Cérdoba province were highenen than in women (16.8 vs. 7.8% and 18 vS64.4
respectively) [52].

We detected that tHerudent pattern, basically composed of fruits and nonestavegetables,
results in a reduction of breast cancer risk. Tizat also been reported in other epidemiologicaaesh [17,
49, 51]. However, in a previous study this patstowed a null [12, 53, 46] or positive associatioth
breast cancer risk [20]. On the other hand, a gbaiwlysis of 8 cohort studies found no overalbeisdion
between fruit and vegetable intake and breast caiste[54], while other research evidenced an isge
association [55, 56].

The Sarchy pattern showed high positive loadings for refigegdins and a high negative load for
whole grains. This pattern could be integrated thtostarch-rich pattern identified by Edelfontaét(2008)
as well as with the Canteen pattern identified leyi®t al. (2004). Ougarchy pattern was positively
associated with breast cancer risk, which is coesisvith the results of Edelfonti et al. (2008).contrast,
the Canteen pattern (pasta and tomato sauce, byeSa&.) did not show any association with brezstcer
occurrence. Other research studies linked freqummumption of whole grains with a significantly
decreased risk of most cancers, including breastezrd57]. On the other hand, Nicodemus et al. nepoa
null association between whole and refined graiakie and postmenopausal breast cancer risk [58].

In this study, age at menarche and age at firt tid not show any association with breast cancer
occurrence. Nevertheless, it is known that thesdvan well-established breast cancer risk facto®s 0],
marking the beginning and end of a period over wiie nulligravid breast is undifferentiated and
particularly susceptible to the potentially carajeaic effects of endogenous hormones that circwiéte
menstrual cycling [61-63]. In most populations, wers average age at menarche has been declining in
successive birth cohorts [64] contributing to irmi@g incidence of breast cancer worldwide[65-8&sults
from research in Eastern China in 2008 showed dugdashift towards an earlier age at menarche sander
breastfeeding lengths [68]. The protective effddireastfeeding seems greater for women who hashdgrd
periods of breastfeeding during their lifetime [BS}. However other research, including ours, foonad
association between time of breastfeeding and becaaser risk [76- 78].

In this work, physical activity and BMI did not shassociation with breast cancer risk, which is
consistent with results from other studies [79-8h]the other hand, a meta-analysis showed a 6%aszin
risk for each additional hour of physical activitgr week [82], and several studies found a positive
association between BMI and breast cancer risk8fg3-

Because of the nature of this study, the posgihifitsystematic errors must be considered. Case-
control studies were commonly affected by recabkliaused by “rumination” in cases regarding trssipte
causes of their disease. On the other hand, itasvk that in general, the low specificity is asatail with a
higher degree of bias when the exposure prevaisrioer [86], but the Argentinean population shoveed
high exposure prevalence given the dietary pattieunsd in the present and in other recent studigs24].
Further, our FFQ had a satisfactory level of v&idind reproducibility [30].

Interviewer bias is also a potential threat to eage-control study. However, we implemented

several procedures to minimize the likelihood sfdtcurrence, including the development of a dedail
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manual of operations, the training of staff, trensfardization of data collection procedures, ard th
monitoring of data collection activities. Moreovatost of interviewers were masked with regard orttain
study hypothesis which may remove an importantaof bias, particularly when they are familiartwihe
case-control status of study participants.

In order to avoid potentially important confoundifagtors we tried to make cases and controls as
similar as possible by matching by sex, age andepté residence, and they were interviewed in #mees
period of time, all of which also reduces the poitity of selection bias. Nevertheless, residuaifoonding
may be present as we are not sure whether the basgywas selected in such a way as to includeiaova
factors that do not occur in the general populatind whether the sample size is sufficient to deteeliable
effect of dietary pattern exposure on breast canceurrence [21]. For instance, some reproductive
characteristics (parity, time of breastfeeding agd at first birth), which have a recognized/kngsotective
effect for breast cancer and a possible associatithnthe exposure, must be considered.

For this purpose, a multiple probabilistic sengigianalysis was carried out. As expected, the OR
for the traditional pattern increased 30%. Mosthid increase may be attributed to heterogeneitged by
unobserved confounding, which was named here asdegtive characteristics. In fact, among womerhwit
fewer years of schooling, there was an importaotgutive effect of the exposure of interest. Nalewice of
important influence of selection and classificatiathough non-differential classification was asgul) bias
was observed. In this sense, it is worth noting tiva Argentinean population’s exposure to Thaditional

pattern is intensive, as almost all the populatiy be located at the highest level of exposureZ4

Conclusions

Summing up, the present study identified four diefmtterns named dsaditional, Rural, Prudent
andSarchy. Whereas th@rudentpattern was associated with a reduced risk of bzaer, th@raditional,
Rural andStarchy patterns showed a promoting effect. Our resulpgpstt the hypothesis of an association
between dietary patterns and breast cancer. Fisthéies could reassure the validity of our findinip
particular, confirmatory factor analysis could @hathe dietary patterns found in this study. Tletjzular
alimentary habits of this region turn necessargdepen the study of dietary patterns and its eéfiedireast

cancer occurrence.
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