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(CINVESTAV), Mexico

*CORRESPONDENCE

Saeid Doaei

Doaei@gums.ac.ir

SPECIALTY SECTION

This article was submitted to
Breast Cancer,
a section of the journal
Frontiers in Oncology

RECEIVED 13 July 2022
ACCEPTED 30 December 2022

PUBLISHED 20 January 2023

CITATION

Shafie F, Tajadod S, Aslany Z, Allahyari P,
Vahdat M, Shekari S, Mohseni GK,
Gholamalizadeh M, Mohammadi S,
Bahar B, Shafaei H and Doaei S (2023)
Breast cancer and dietary fat quality indices
in Iranian women: A case–control study.
Front. Oncol. 12:993397.
doi: 10.3389/fonc.2022.993397

COPYRIGHT

© 2023 Shafie, Tajadod, Aslany, Allahyari,
Vahdat, Shekari, Mohseni, Gholamalizadeh,
Mohammadi, Bahar, Shafaei and Doaei. This
is an open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

TYPE Original Research

PUBLISHED 20 January 2023

DOI 10.3389/fonc.2022.993397
Breast cancer and dietary fat
quality indices in Iranian women:
A case–control study

Fatemeh Shafie1, Shirin Tajadod2, Zahra Aslany3,4,
Pooneh Allahyari5, Mahsa Vahdat6, Soheila Shekari7,
Golsa Khalatbari Mohseni8, Maryam Gholamalizadeh9,
Saeideh Mohammadi10, Bojlul Bahar11, Hanieh Shafaei12

and Saeid Doaei13*

1Nutrition Research Center, School of Nutrition and Food Sciences, Shiraz University of Medical
Sciences, Shiraz, Iran, 2Department of Nutrition, School Of Public Health, International Campus, Iran
University of Medical Sciences, Tehran, Iran, 3The Ohio State University Interdisciplinary ph.D. program
in Nutrition (OSUN), Columbus, United States, 4The Ohio State University Comprehensive Cancer
Center, Columbus, United States, 5Department of Exercise Physiology, Faculty of Physical Education
and Sport Sciences, Islamic Azad University, Central Tehran Branch, Tehran, Iran, 6Aboozar Children’s
Medical Center, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran, 7Department of
Nutrition, Science and Research Branch, Islamic Azad University, Tehran, Iran, 8Department of Nutrition,
School of Allied Medical Sciences, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran,
9Cancer Research Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran, 10Department of
Nutrition, Zanjan University of Medical Sciences, Zanjan, Iran, 11Nutrition Sciences and Applied Food
Safety Studies, Research Centre for Global Development, School of Sport and Health Sciences,
University of Central Lancashire, Preston, United Kingdom, 12Nursing and Midwifery School, Guilan
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Background: The association between breast cancer (BC) and different indices of

dietary fats has not been well-studied. Thus, this study aimed to investigate the

association between BC and dietary fat quality (DFQ) indices in Iranian women.

Methods: This case–control study was conducted on 120 women with breast

cancer and 240 healthy women in Tehran, Iran. Food Frequency Questionnaire

and nutritionist IV software were used to assess the intake of dietary fats and to

calculate the DFQ indices.

Results: The patients with BC had a higher total fat (TF) (P < 0.01) and a lower ratio

of polyunsaturated fatty acids (PUFAs) omega-3 to PUFAs omega-6 (w-3/w-6)
compared with the controls (P < 0.001). TF had a significant association with BC

risk (OR: 1.16; 95% CI: 1.01–1.33, P < 0.001). No significant association was found

between BC and PUFA/saturated fatty acid ratio or the w-3/w-6 ratio.

Conclusion: The patients with BC had a lower w-3/w-6 ratio and a higher total

dietary fat intake than the healthy women. Total dietary fat intake was also directly

associated with the risk of BC. Thus, low-fat diets may have beneficial effects for

BC prevention. Further longitudinal studies are warranted.
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Introduction

Cancer, which reduces life expectancy, is a leading cause of death

worldwide. The World Health Organization (WHO, 2019) declared

cancer as the leading cause of death before age 70 in 112 of 183

countries partly due to the sharp decline in mortality rates from stroke

and coronary heart disease compared with cancer (1). Breast cancer

(BC) has now surpassed lung cancer as the leading cause of cancer in

2020, with an estimated 2.3 million new cases, representing 11.7% of

all cancer cases. In addition, BC is the fifth leading cause of cancer

mortality, accounting for 685,000 deaths globally (2). BC affects one

in every four women and kills one in every six women worldwide. BC

has been reported to be the most common cancer in Iran. According

to the latest Iranian national database, the age-standardized rate for

BC is 33.21 per 100,000, with an overall 5-year survival rate of 72% in

women and 60% in men. The mortality rate is 14.2 per 100,000, and

the 5- and 10-year survival rate is 81% and 77%, respectively (3, 4).

Many factors could be associated with BC (5, 6). Among the various

risk factors identified, diet plays an important role in the incidence of BC

(7–9). Despite being extensively studied, only a few dietary components

associated with the incidences of BC have been identified (6)—for

instance, dietary patterns characterized by a low intake of fruits,

vegetables, and whole grains and high in red meats, saturated fat, and

sodium are reported to be associated with a higher risk of developing BC

(10). The underlying mechanisms of dietary components and their

mechanistic role in the molecular as well as cellular pathways

associated with the BC pathway are yet to be elucidated (6).

The results on the association between dietary fat intake and BC risk

were controversial. High intakes of dietary fat have been linked to an

increased risk of BC in adult women (7, 8). However, some prospective

cohort studies (4), meta-analysis studies (11), and observational studies

have reported a weak (12–14) or a non-significant relationship between

BC and dietary fats (7, 15–17). Furthermore, the association between the

type of fat consumed and the development of BC is not yet clear. Farvid

et al. (18), as well as Tayyem et al. (8), reported that a higher intake of

saturated fatty acids (SFA) and monounsaturated fatty acids (MUFAs)

was associated with an increased risk of BC. In contrast, two

observational studies (19, 20) reported a protective effect of MUFAs on

the development of BC. In addition, several studies reported that

polyunsaturated fatty acid (PUFA) intake increased the risk of BC (7,

8, 12, 21). However, this result was not confirmed by a case–control study

(22) and a meta-analysis (11). Since different dietary fatty acids are

metabolized through common pathways and the amount of intake of one

group of fatty acids may be effective on the metabolism of other fatty

acids (11), it is possible that considering them separately does not present

the correct result in terms of their connection with BC. Hence, this study

aimed to investigate the association between BC and different types of

dietary fat quality indices in Iranian women.
Methods

Participants

This case–control study was performed in September 2020 on 120

women with BC and 240 healthy age-matched women referred to the
Frontiers in Oncology 02
cancer clinic of Shohadaye Tajrish Hospital, Tehran, Iran. A 1:2 case‐

to‐control ratio was used in this matched case–control study due to

concern for sufficient numbers in the stratified analysis and increase

in power given the expected prevalence of exposure among the

controls. The inclusion criteria for the case group were as follows:

women with BC, age between 35 and 65 years, no more than 1 month

after the diagnosis of BC, no diseases affecting food intake, and no

dietary fat or fatty acid supplement intake. The inclusion criteria for

the control group were as follows: age between 35 and 65 years, no

disease affecting food intake, no use of dietary fat or fatty acid

supplements, and do not have any type of cancer. The exclusion

criteria were the inability to collect the required information and any

conditions that may affect the diet during the last year. Written

informed consent forms were obtained from all participants before

the study.

Data on age, number of pregnancies, breastfeeding duration,

number of abortion cases, family history of BC, and physical

activity were collected. Anthropometric indices including weight,

height, body mass index (BMI), and waist circumstance

were collected.
Dietary fat quality indices

A validated semi-quantitative Food Frequency Questionnaire

(FFQ) was used to assess the dietary intake over the past year

through face-to-face interviews with a trained dietitian (12). The

amounts of intake of different types of dietary fatty acids were

assessed using Nutritionist IV software (version 3.5.2, Axxya.

Systems, Redmond, WA, USA), modified for Iranian foods.

Energy percentage from total fat (TF) was calculated by dividing

the average obtained energy from fat (kcals) by the average daily

energy intake. Furthermore, other dietary fat quality (DFQ) indices

were calculated as follows: PUFA-to-SFA ratio (PSR) was calculated

by the amount of dietary intake of PUFAs divided by the amount of

dietary intake of SFAs. The w-3/w-6 ratio was also calculated by the

amount of dietary intake of omega-3 fatty acids divided by the

amount of dietary intake of w-6 fatty acids (13).
Statistical analyses

Data analyses were conducted using version 26 of Statistical

Package Software for Social Sciences (SPSS Inc., Chicago, IL, USA).

The Kolmogorov–Smirnov’s test and a histogram chart were used to

test the normality of the data. Baseline characteristics and dietary

intakes were expressed as mean ± SD or median (interquartile range,

IQR) for quantitative variables with normal and skewed distribution,

respectively. Independent sample t-test and Pearson chi-square test

were applied to compare the quantitative and qualitative variables

between the groups, respectively. A comparison of the medians

between the two groups was done using the Mann–Whitney U-test.

Binary logistic regression was then utilized to estimate the odds ratios

(ORs) and 95% confidence intervals (CIs) adjusted for multiple

covariates in different models. The significance level was

determined as P <0.05.
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Results

In this study, 360 participants (120 cases and 240 controls) were

included. More than 93% of the participants (n = 335) were menopausal

women. The general characteristics and the dietary intakes of the case

and the control groups are presented in Table 1. Themedian (IQR) age of

the participants in the cases and the controls was 58.50 (51.50, 66.75) and

48.00 (42.25, 56.00) years, respectively (P < 0.001). The two groups had

significant differences in BMI (<0.05), breastfeeding duration (P < 0.001),

and family history of BC (P < 0.001). Compared with the control group,

BC patients consumed significantly more calories (P < 0.001),

carbohydrates (P < 0.001), and total fat (P < 0.001).

The dietary fat quality indices among the case and the control

groups (Table 2) indicated that individuals with BC obtained higher

amounts of energy from consuming fat (P < 0.01) and that their diet

had a significantly lower level of w-3/w-6 compared with those of the

controls (P < 0.001) (Figure 1).

The crude and adjusted ORs (95% CIs) for the underlying

associations between TF, PSR, plus w-3/w-6 ratio, and BC risk are

reported in Table 3. Individuals with a higher TF had greater odds for

BC (OR: 1.16; 95% CI: 1.01–1.33), though no association between the

PSR and w-3/w-6 ratio with BC risk was found (Figure 2).
Discussion

Despite the heavy interest in investigating the association between

fat intake and BC, their relationship is still controversial. The aim of

the current study was to explore the relationship between dietary fat

quality and BC in Iranian women. In this study with 120 cases and

240 controls, it was observed that individuals with BC had a higher

intake of total fat and a lower w-3/w-6 ratio compared with the
Frontiers in Oncology 03
controls, and the risk of developing BC was positively associated with

the total fat intake. There was no association between BC risk and the

polyunsaturated-fat-to-saturated-fat ratio or w-3/w-6 index.

Several case–control studies have reported a positive association

between total fat intake and BC risk (14–17), while prospective cohort

studies have not confirmed these observations (7, 18). In other words,

previous studies have shown no association between total fat and BC, or

this positive association has been trivial (23). These conflicting results

may be due to the different assessment methods in different studies—for

example, it has been suggested that the use of food records may provide a

stronger correlation between dietary fat and BC risk compared with the

FFQs (19, 20). Furthermore, several studies have reported that non-

dietary risk factors such as menopausal status, a history of benign breast

disease, and menopausal hormone therapy may affect the association of

total fat and BC (7, 14, 21, 22, 24).

In our study, the polyunsaturated-fat-to-saturated-fat ratio was

similar in both groups, while the w-3-to-w-6 ratio was higher in the

cases than in the controls. Similar to our findings, some previous

studies have found no association between BC and fat subtypes (25–

27). However, contrary to the findings of our study, one study

reported a significant positive association between fat subtypes and

the risk of BC in postmenopausal women (17), and some other studies

reported an association between BC and animal fat (a rich source of

SFA) in premenopausal women (27–29). One of the reasons for the

discrepancy observed in the results of different studies may be the

difference in menopausal status. Moreover, the effect of dietary fat on

the risk of BC may be influenced by the level of sex hormones.

Furthermore, the results of the present study indicated that the

difference of thew-3/w-6 ratio between cases and controls was significant;
still no association was found between this ratio and the risk of BC.

According to previous studies, PUFAs may have different effects on the

risk of BC based on the double bond position (30, 31). Some studies have
TABLE 1 Characteristics of the study population.

Cases (n = 120) Controls (n = 240) Pvalue

Age (years)a 58.50 (51.50–66.75) 48.00 (42.25–56.00) <0.001x

BMI (kg/m2)b 27.63 ± 4.48 28.88 ± 4.35 0.05†

Breastfeeding duration (months)a 24.00 (10.50–48.00) 54.00 (39.50–74.00) <0.001x

First menstruation (years)a 13.00 (12.50–14.00) 13.00 (12.00–14.00) 0.77x

Postmenopausal age (years)a 49.00 (43.50–52.00) 48.00 (44.00–51.00) 0.65x

Family history of BCc 22 (7.4%) 21 (7.0%) <0.001

Number of pregnanciesa 3.00 (2.00–4.00) 3.00 (2.00–5.00) 0.07x

Smokingc 3 (1.0%) 2 (0.7%) 0.05¶

Physical activity (h/day)a 1.00 (0.75, 1.25) 1.00 (0.25, 2.00) 0.92x

Energy (kcal/day)a 2,551.98 (2,454.20– 2,643.84) 1,862.63 (1,408.26–2,471.02) <0.001x

Carbohydrates (g/day)a 362.27 (345.94–383.53) 245.18 (167.05–341.32) <0.001x

Total fat (g/day)a 91.07 (83.19–100.04) 70.08 (53.13–90.36) <0.001x

Proteins (g/day)b 81.32 ± 16.65 75.00 ± 32.33 0.15†
fronti
BMI, body mass index; BC, breast cancer.
aN (range).
bMean (SD).
cN (%).
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established that PUFAs, particularly linoleic acid and arachidonic acid,

promote while marine-derived w-3 fatty acids inhibit mammary

tumorigenesis (17, 31, 32). In addition, some case–control studies have

found a positive association between w-6 fatty acid intake and the risk of
BC (33, 34). On the other hand, another study reported that serum w-6
fatty acids were inversely related to BC risk (35). Based on the report of

cohort studies, w-3 fatty acids have protective effects on BC (36, 37).

Furthermore, other studies showed an inverse relationship between w-3
PUFAs and the risk of BC (38–40). However, in some other studies, w-3
fatty acids did not affect BC (41–44). Because of these conflicting results,

some researchers suggested thatw-3-to-w-6 ratios should be used instead
of a specific fatty acid (45). Two studies reported that the w-3-to-w-6
ratio is inversely related to BC (46–50). Some other studies of w-3/w-6
PUFAs and BC led to contradictory results (51, 52). The various results

observed in different studies can be due to differences in the study

population, dietary sources of specific fats, amounts of total fat and

specific fatty acids, menopausal status, and methods used to measure fat

intake. Thus, it is suggested that large-scale studies with different dietary

patterns as well as well-designed trials be conducted to indicate the

association between total fat and DFQ and the risk of BC.

This study suggested that energy percentage from total fat may be

a more critical factor in determining the risk of BC. A large

randomized, controlled trial reported that a low-fat diet might

reduce the risk of developing BC in post-menopausal women (53).

A meta-analysis study reported that the risk of BC is higher in post-

menopausal women on a high-fat diet. At the same time, dietary fat

may have protective effects in pre-menopausal women. Thus,

capturing the menopausal status of people can also be a

determining factor (54).
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Several mechanisms have been proposed for the possible association

between different types of dietary fats and BC. Previous studies have

identified that SFAs may play a more significant role in determining the

risk of BC than other types of fat (7, 25). SFAs may increase insulin

resistance (55), where an association between plasma insulin

concentration and the risk of BC has been reported (56). Dietary

PUFAs usually contain a high proportion of linoleic acid, a precursor to

prostaglandins (57). Arachidonic acid and prostaglandin E2 may play a

role in inducing BC by affecting estrogen synthesis (48). It has been

suggested that marine w-3 may affect the BC risk, possibly through effects

on BMI or related factors (insulin and adiponectin) (40). Themechanisms

proposed for the protective effect of w-3 PUFAs include suppressing the

biosynthesis of arachidonic acid-derived eicosanoids, altering the estrogen

metabolism, reducing the production of free radicals, and modifying

insulin sensitivity (58). However, it should be noted that the association
FIGURE 1

Dietary fat quality indices of the study population.
TABLE 2 Dietary fat quality indices of the study population.

Cases (n =120) Controls (n = 240) Pvalue

TFa 34.68 (29.20, 42.24) 32.33 (30.01, 34.64) 0.002b

PSRa 0.65 (0.47, 1.06) 0.65 (0.48, 0.94) 0.68b

w-3/w-6a 0.21 (0.10, 0.76) 1.25 (0.76, 5.13) <0.001b
fronti
TF, energy percentage from total fat; PSR, polyunsaturated fatty acids/saturated fatty acids ratio; PUFA, polyunsaturated fatty acids.
aValues are median (interquartile range).
bP-values obtained using Mann–Whitney U-test.
TABLE 3 Logistic regression of the association between dietary fat quality
indices and breast cancer.

Variables OR 95% CI P

TF

Model Ia 1.09 (1.04, 1.15) <0.001

Model IIb 1.16 (1.01, 1.33) 0.03

PSR

Model Ia 0.88 (0.55, 1.40) 0.60

Model IIb 1.15 (0.69, 1.90) 0.58

w-3/w-6

Model Ia 1.01 (0.97, 1.04) 0.55

Model IIb 1.009 (0.92, 1.10) 0.84
e

TF, energy percentage from total fat; PSR, polyunsaturated fatty acids/saturated fatty acids ratio;
PUFA, polyunsaturated fatty acids; OR, odds ratio; CI, confidence interval.
aCrude association.
bAdjusted for age, body mass index, energy intake, number of pregnancies, breastfeeding
duration, number of abortion cases, family history of breast cancer, and physical activity.
FIGURE 2

The association between breast cancer and dietary fat.
rsin.org

https://doi.org/10.3389/fonc.2022.993397
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Shafie et al. 10.3389/fonc.2022.993397
of w-3 fatty acids with BC risk may be influenced by the availability of

dietary antioxidants such as vitamins E and C (58). Moreover, w-6 fatty

acids are easily oxidized due to their high double bonds and thus

contribute to cell damage. They may also increase the risk of BC by

competing with w-3 fatty acids in producing eicosanoids (33).

As in all case–control studies, the major limitation of the current

study was recall bias. Women who are aware of a beneficial diet can often

give overestimated amounts of products that have health-promoting

effects. In addition, the evaluation of PUFAs with FFQ may differ on the

actual content of the product, which may depend on different periods of

the harvest of food products, storage time, or method of cooking (59).

Furthermore, considering that the majority of the participants were

menopausal, a comparison between menopausal and non-menopausal

women was not possible. Future studies should attempt to determine the

content of individual fatty acids in the patients’ foods and in their blood

samples (60). The duration of breastfeeding in controls was also

significantly higher than in the cases and in various studies;

breastfeeding has been suggested as a protective factor against BC (61).

There was a significant difference between the case and control groups

regarding the family history of BC and genetic factors. Given the fact that

the effects of these factors in the regression models were adjusted, the

association between total fat and BC observed in this study is hence

robust enough.
Conclusion

This study suggested an association between the amount of dietary

fat and the risk of BC. Patients with BC had a lowerw-3/w-6 ratio in their
diet and a higher intake of total dietary fat than others. As a result, a lower

intake of dietary fats may be beneficial in BC prevention. Further studies

are warranted to confirm these results and to identify the underlying

mechanisms of the association between dietary fat and BC.
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47. Dydjow-Bendek D, Zagoźdźon P. Total dietary fats, fatty acids, and omega-3/
Omega-6 ratio as risk factors of breast cancer in the polish population–a case-control
study. In Vivo (2020) 34(1):423–31. doi: 10.21873/invivo.11791

48. Nindrea RD, Aryandono T, Lazuardi L, Dwiprahasto I. Association of dietary
intake ratio of n-3/n-6 polyunsaturated fatty acids with breast cancer risk in Western and
Asian countries: A meta-analysis. Asian Pacif J Cancer Prevent: APJCP (2019) 20(5):1321.
doi: 10.31557/APJCP.2019.20.5.1321

49. Pouchieu C, Chajès V, Laporte F, Kesse-Guyot E, Galan P, Hercberg S, et al.
Prospective associations between plasma saturated, monounsaturated and
polyunsaturated fatty acids and overall and breast cancer risk–modulation by
antioxidants: A nested case-control study. PloS One (2014) 9(2):e90442. doi: 10.1371/
journal.pone.0090442

50. Sczaniecka AK, Brasky TM, Lampe JW, Patterson RE, White E. Dietary intake of
specific fatty acids and breast cancer risk among postmenopausal women in the VITAL
cohort. Nutr Cancer (2012) 64(8):1131–42. doi: 10.1080/01635581.2012.718033

51. Murff HJ, Shu XO, Li H, Yang G, Wu X, Cai H, et al. Dietary polyunsaturated fatty
acids and breast cancer risk in Chinese women: a prospective cohort study. Int J Cance.
(2011) 128(6):1434–41. doi: 10.1002/ijc.25703

52. Engeset D, Alsaker E, Lund E, Welch A, Khaw KT, Clavel-Chapelon F, et al. Fish
consumption and breast cancer risk. the European prospective investigation into cancer
and nutrition (EPIC). Int J Cancer (2006) 119(1):175–82. doi: 10.1002/ijc.21819

53. De Cicco P, Catani MV, Gasperi V, Sibilano M, Quaglietta M, Savini I. Nutrition
and breast cancer: A literature review on prevention, treatment and recurrence. Nutrients
(2019) 11(7):1514. doi: 10.3390/nu11071514

54. Turner LB. A meta-analysis of fat intake, reproduction, and breast cancer risk: An
evolutionary perspective. Am J Hum Biol (2011) 23(5):601–8. doi: 10.1002/ajhb.21176

55. Riccardi G, Giacco R, Rivellese A. Dietary fat, insulin sensitivity and the metabolic
syndrome. Clin Nutr (2004) 23(4):447–56. doi: 10.1016/j.clnu.2004.02.006

56. Kaaks R ed. (2005). Nutrition, insulin, IGF-1 metabolism and cancer risk: a
summary of epidemiological evidence. InNovartis Foundation symposium 2004 Nov 10
(pp. 247-264). Chichester; New York; John Wiley; 1999.

57. Aylsworth CF, Jone C, Trosko JE, Meites J, Welsch CW. Promotion of 7, 12-
dimethylbenz [a] anthracene-induced mammary tumorigenesis by high dietary fat in the
rat: possible role of intercellular communication. J Natl Cancer Institute (1984) 72(3):637–
45.

58. Larsson SC, Kumlin M, Ingelman-Sundberg M, Wolk A. Dietary long-chain n– 3
fatty acids for the prevention of cancer: A review of potential mechanisms. Am J Clin Nutr
(2004) 79(6):935–45. doi: 10.1093/ajcn/79.6.935

59. Echarte M, Zulet MA, Astiasaran I. Oxidation process affecting fatty acids and
cholesterol in fried and roasted salmon. J Agric Food Chem (2001) 49(11):5662–7. doi:
10.1021/jf010199e

60. Arab L. Biomarkers of fat and fatty acid intake. J Nutr (2003) 133(3):925S–32S. doi:
10.1093/jn/133.3.925S

61. Ciampo LAD, Ciampo IRLD. Breastfeeding and the benefits of lactation for
women’s health. Rev Bras Ginecol e Obstet (2018) 40:354–9. doi: 10.1055/s-0038-1657766
frontiersin.org

https://doi.org/10.1016/j.jnutbio.2012.03.004
https://doi.org/10.1017/S1368980009991698
https://doi.org/10.1016/0140-6736(91)91846-M
https://doi.org/10.1093/jnci/djk094
https://doi.org/10.1093/jnci/djk094
https://doi.org/10.1093/jnci/95.14.1079
https://doi.org/10.1093/jnci/82.7.561
https://doi.org/10.1186/s12944-021-01557-y
https://doi.org/10.1093/jnci/84.14.1092
https://doi.org/10.1016/S0140-6736(03)13913-X
https://doi.org/10.1093/ije/dyl085
https://doi.org/10.1093/jnci/92.10.833
https://doi.org/10.1093/jnci/81.4.278
https://doi.org/10.1093/jnci/81.4.278
https://doi.org/10.3945/ajcn.111.015735
https://doi.org/10.1056/NEJM199602083340603
https://doi.org/10.1001/jama.281.10.914
https://doi.org/10.1002/ijc.29938
https://doi.org/10.1017/S095442241000003X
https://doi.org/10.1007/s10549-014-2895-9
https://doi.org/10.1007/s10549-016-3679-1
https://doi.org/10.1079/PNS2002166
https://doi.org/10.1023/A:1021922917489
https://doi.org/10.1002/(SICI)1097-0215(19980518)76:4%3C491::AID-IJC8%3E3.0.CO;2-M
https://doi.org/10.1207/S15327914NC4502_05
https://doi.org/10.1207/S15327914NC4502_05
https://doi.org/10.1111/j.1349-7006.2005.00084.x
https://doi.org/10.1038/sj.bjc.6601340
https://doi.org/10.1002/ijc.20284
https://doi.org/10.1017/S0007114512001614
https://doi.org/10.1017/S0007114512001614
https://doi.org/10.1136/bmj.f3706
https://doi.org/10.1093/jnci/86.1.53
https://doi.org/10.1093/jnci/85.10.785
https://doi.org/10.1158/1055-9965.EPI-11-0896
https://doi.org/10.1002/ijc.10910
https://doi.org/10.1146/annurev.pu.14.050193.000245
https://doi.org/10.1093/oxfordjournals.aje.a009456
https://doi.org/10.1093/oxfordjournals.aje.a009456
https://doi.org/10.21873/invivo.11791
https://doi.org/10.31557/APJCP.2019.20.5.1321
https://doi.org/10.1371/journal.pone.0090442
https://doi.org/10.1371/journal.pone.0090442
https://doi.org/10.1080/01635581.2012.718033
https://doi.org/10.1002/ijc.25703
https://doi.org/10.1002/ijc.21819
https://doi.org/10.3390/nu11071514
https://doi.org/10.1002/ajhb.21176
https://doi.org/10.1016/j.clnu.2004.02.006
https://doi.org/10.1093/ajcn/79.6.935
https://doi.org/10.1021/jf010199e
https://doi.org/10.1093/jn/133.3.925S
https://doi.org/10.1055/s-0038-1657766
https://doi.org/10.3389/fonc.2022.993397
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Breast cancer and dietary fat quality indices in Iranian women: A case–control study
	Introduction
	Methods
	Participants
	Dietary fat quality indices
	Statistical analyses

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


