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Invasive ductal carcinoma (IDC) and invasive lobular carcinoma (ILC) of the breast are the most common histological subtypes

of breast cancer. However, the associations and heterogeneity between histological subtypes and their risk factors are not well

established. This study aimed to investigate risk factors for IDC and ILC. This case–control study included 1,009 incident

breast cancer cases and 1,009 hospital controls, frequency-matched by age. Data were obtained from the patients’ medical

files and an interview administered via a questionnaire. Multinomial logistic regression was used and odds ratios (ORs) and

95% confidence intervals (CIs) were calculated. The heterogeneity of the associations was assessed using the Wald test.

Family history of breast cancer was associated with IDC (OR 2.64, 95% CI: 1.97–3.55) but not ILC (OR 0.81, 95% CI: 0.42–1.57;

p for heterogeneity <0.001). Conversely, a history of miscarriage was associated with ILC (OR 1.71, 95% CI: 1.17–2.51) but not

IDC (OR 1.18, 95% CI: 0.95–1.46; p for heterogeneity = 0.04). Similarly, type 2 diabetes was associated with ILC but not IDC

(p for heterogeneity = 0.02). Age at first delivery and breastfeeding were significantly associated with IDC but not ILC, though

p values for heterogeneity did not reach the significance level. Deliberate weight loss and age at menarche were significantly

associated with ILC but not IDC (p for heterogeneity ≥0.27). Smoking, history of benign breast disease and BMI were

associated with both subtypes. The present study supports the hypothesis that IDC and ILC are etiologically distinct tumours.

Introduction
Breast cancer is a common human neoplasm, accounting
for about 25% of all malignancies in females. It also accounts
for 27% of cancers in developed countries, with an annual
incidence of more than 1 million new cases worldwide.1 Fur-
thermore, the global burden of cancer is increasing. Even
though the rate of age-related mortality from breast cancer is
decreasing in high-income countries, mortality is increasing
in lower income countries.2 Breast cancer is the most com-
mon cancer among Iranian women, and the mean age at diag-
nosis is significantly lower in Iranian women than their western

counterparts.3,4 Furthermore, the majority of breast cancer cases
are premenopausal.3,5

Malignancy may occur in any cells of the mammary gland,
comprising a wide variety of morphological, immunohisto-
chemical and histopathological subtypes, which may have spe-
cific clinical courses and outcomes.6 Clinical and epidemiologic
studies suggest that the histopathological subtypes of breast
cancer differ in terms of behaviour, risk factors and response to
treatment.7 Ductal and lobular tumours are the two most fre-
quently diagnosed subtypes of invasive breast carcinomas (75%
and 15% of all malignant tumours, respectively), and these two
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subtypes have different clinical, molecular and pathologic fea-
tures.8,9 However, only few epidemiological studies have exam-
ined the heterogeneity of the disease, and the differences in risk
factors are not yet fully understood.10–12

Given the high incidence and economic burden of breast
cancer,13 it is of great importance that more effective and per-
sonalised prevention and treatment strategies are discovered.
Epidemiologic studies have suggested that breast cancer risk is
associated with an individual’s characteristics, mainly beha-
vioural, reproductive and anthropometric factors.4,14

Even though less-developed countries accounted for at
least one-half of all breast cancer cases and 62% of deaths,15

the main body of evidence comes from developed countries,
with the majority of research on postmenopausal breast can-
cer and considerably less focus on possible heterogeneity of
risk factors between disease subtypes. Moreover, evidence from
less-developed countries with different reproductive, environ-
mental and behavioural characteristics, and higher frequency of
premenopausal breast cancer is lacking. Thus, the different pat-
terns of environmental and behavioural factors might provide
novel information about the aetiology of breast cancer and its
subtypes. The present case–control study aimed to examine the
associations between reproductive, anthropometric and lifestyle
factors, and the risks of ductal breast carcinoma (IDC) and
lobular breast carcinoma (ILC). We further examined if the
pattern of associations differ by subtype.

Methods
Study population
This case–control study included women who were admitted
to the Motahari Breast Clinic located in Namazi Hospital
(affiliated with the Shiraz University of Medical Sciences) due
to invasive breast cancer. This centre is based in Shiraz (the
capital of Fars province), and more than 80% of newly diag-
nosed breast cancer patients within the Fars province are
referred to this hospital for treatment.4 All women whose dis-
ease was histologically confirmed as primary invasive breast
cancer (IDC or ILC) during the study period were invited to
participate in the study. A total of 1,073 women (response rate
94%) agreed to participate, of whom 64 were excluded due to
either missing information on the tumour subtype (n = 29) or
incomplete histopathological reports (n = 35). The final study
sample included 1,009 cases and 1,009 controls.

Literate patients read and signed informed consent forms,
and verbal consent was obtained from illiterate patients. Ethical

approval was obtained from the ethical committee of Shiraz
University of Medical Sciences (no. 13748).

Case and control selection
In this study, patients included incident histopathologically
(ductal: ICD10-O code 8500/3; lobular: ICD10-O code
8520/3) confirmed cases of breast cancer who were admit-
ted to the oncology and radiotherapy wards between April
2014 and March 2017. Controls were selected among female
visitors with no history of breast cancer who were visiting
patients admitted to the other departments of the same hos-
pital. Women in the control group were considered cancer
free if they verbally confirmed no current or past history of
cancer (no confirmatory exam or test was required). Con-
trol participants were frequency-matched to cases by 5-year
age-group. The age distribution of the control group was
slightly different from the cases in the youngest and oldest
age-groups (<40 years and >60 years, respectively) due to
sampling variation and practical issues, but the difference
was not statistically significant.

Data collection
Information on reproductive and anthropometric characteris-
tics was obtained during a face-to-face interview conducted by
a trained female nurse using an administered questionnaire.
Interviews took place in a private and quiet room in the hos-
pital. Patients’ pathology reports were obtained from the can-
cer registry database of the clinic, and the histologic type of
breast cancer was extracted. For patients, the interview was
conducted within 2–8 weeks of breast cancer diagnosis. The
questionnaire and interview procedure were evaluated and
revised by five experts in a pilot study including 50 cases and
50 controls. The reliability of the questionnaire was measured
using the test–retest method (Cronbach’s alpha was 0.83 for
cases and 0.72 for controls).

Participants were asked about their education (primary
or illiterate, intermediate, high school, academic), occupation
(housewife, employed), ethnicity (Fars, Lor, Turk, other), fam-
ily history of breast cancer (no, second relative, first relative/
both first and second relatives), smoking during adolescence
and adulthood (yes, no), history of oral contraceptive (OCP)
use (ever, never), history of chest X-ray (yes, no), history of
benign breast disease (yes, no), physical activity (30 min or
more of moderate aerobic exercise at least three times per
week on a regular basis)16,17 (yes, no), body mass index (BMI;

What’s new?
Different subtypes of breast cancer may have different risk factors. These authors investigated the diversity of risk factors

relevant in “less-developed” countries, where patients tend to be younger than in wealthier countries. They conducted a case-

control study comparing risk factors for invasive ductal carcinoma (IDC) and invasive lobular carcinoma (ILC) among 2,000

women in Iran. Many risk factors differed between the two, indicating that IDC and ILC are etiologically different diseases.

Factors associated with ILC included type 2 diabetes and history of miscarriage, while IDC risk factors included family history

of breast cancer and age at first childbirth.
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defined as <24.9, 25.0 to 29.9 and ≥30.0 kg/m2), deliberate
weight loss after 18 years of age18 (yes, no), age at first delivery
(<18, 18–23, 24–30, ≥31 years and nulliparous), total number
of months of breastfeeding for all children (0–5, 6–17, 18–29,
30–41, ≥42 months), history of miscarriage (yes, no), menarche
age (<12, 12–13, ≥14 years), regular menstrual (yes, no), meno-
pausal status (premenopausal, postmenopausal), and diagnosed
with type 2 diabetes (yes, no).

Premenopausal was defined as regular menstrual cycles
12 months prior to the interview, and postmenopausal as no
menstrual cycles within the past 12 months. Women with no
data on menopausal status (n = 9 in the case group, n = 7 in
the control group) were categorised as premenopausal if they
were younger than 47 years of age and postmenopausal if they
were older than 47 years, based on the median age of meno-
pause among Iranian women.19,20

Statistical analysis
The chi-square test and T-test were used for univariate ana-
lyses, and multinomial logistic regression was used to estimate
odds ratios (OR) and 95% confidence intervals (CI) for the
association between each independent variable and risk of
IDC and ILC. Based on the adjusted model, the p for hetero-
geneity was calculated using the Wald test. In the multivari-
able multinomial logistic regression, models were adjusted for
education, occupation, ethnicity, family history of BC, smok-
ing, OCP, chest X-ray history, history of benign breast disease,
BMI, physical activity, deliberate weight loss, age at first deliv-
ery, breastfeeding, history of miscarriage, menarche age, regu-
lar menstrual, menopause status and type 2 diabetes. We
tested if the associations between independent variables and
each subtype vary according to menopausal status, by adding
an interaction term in the models for each subtype. A post-
hoc power analysis suggested that our study had statistical
power of 80% to detect associations with OR >1.65 for ILC
and OR >1.24 for IDC. All p values were two-sided and
results were deemed to be statistically significant at p < 0.05.
All analyses were conducted using Stata version 12.0 (Stata
Corporation, College Station, TX, USA).

Results
In total, 1,009 breast cancer cases, 849 IDC and 160 ILC, were
included in the analysis. On average, the IDC cases were 3.3
(SD = 10.9) years younger than ILC patients (47.2 and 50.5
respectively, p < 0.001). Table 1 describes the distributions of
the characteristics of the control participants and IDC and
ILC cases.

Simple multinomial logistic analysis revealed that IDC risk
was significantly associated with family history of breast can-
cer, smoking, OCP use, history of benign breast disease, BMI,
age at first delivery and breastfeeding duration. On the other
hand, ILC risk was associated with smoking, chest x-ray, his-
tory of benign breast disease, BMI, history of miscarriage,
menarche age and type 2 diabetes (Table 2).

Results from multivariable multinomial logistic regres-
sion suggested that having a history of breast cancer among
first relatives is associated with a higher risk of IDC only
(ORfirst relatives vs. no history 2.64, 95% CI: 1.97–3.55 for IDC
and ORfirst relatives vs. no history 0.81, 95% CI: 0.42–1.57 for
ILC, p for heterogeneity <0.001). Smoking was similarly
associated with the risk of both IDC and ILC (ORyes vs. no

2.37, 95% CI: 1.71–3.29 for IDC and ORyes vs. no 2.32, 95%
CI: 1.34–4.04 for ILC, p for heterogeneity = 0.66). Use of
OCP was associated with a significant increase in the risk of
IDC but not ILC (ORever vs. never 1.63, 95% CI: 1.32–2.00 for IDC
and ORever vs. never 1.46, 95% CI: 0.99–2.12 for ILC, p for heteroge-
neity = 0.28). First delivery at age ≥31 years was associated with
an increased risk of both IDC and ILC (OR≥31 vs. <18 years 2.92,
95% CI: 2.03–4.20 for IDC and OR≥31 vs. <18 2.44, 95% CI:
1.22–4.90, for ILC, p for heterogeneity = 0.28). Conversely, a lon-
ger duration of breastfeeding was only associated with a lower risk
of IDC (OR ≥42 vs. <6 months 0.59, 95% CI: 0.42–0.83 for IDC and
OR≥42 vs. <6 months 0.70, 95% CI: 0.36–1.35 for ILC, p for heteroge-
neity = 0.80), while an older age at menarche was associated with
a lower risk of ILC (OR >14 vs. <12 year of age 0.88, 95% CI:
0.65–1.19 for IDC and OR >14 vs. <12year of age 0.60, 95% CI:
0.36–0.98, for ILC, p for heterogeneity = 0.27). In addition, a
history of miscarriage (ORyes vs. no 1.18, 95% CI: 0.95–1.46 for
IDC and ORyes vs. no 1.71, 95% CI: 1.17–2.51, for ILC, p for het-
erogeneity = 0.04) and type 2 diabetes (ORyes vs. no 1.17, 95%
CI: 0.79–1.72 for IDC and ORyes vs. no 2.29, 95% CI: 1.31–4.03
for ILC, p for heterogeneity = 0.02) were significantly associ-
ated with the risk of ILC but not IDC. Similarly, a history of
benign breast disease was associated with a higher incidence of
both subtypes (ORyes vs. no 2.23, 95% CI: 1.60–3.10 for IDC and
ORyes vs. no 2.27, 95% CI: 1.30–3.94 for ILC, p for heterogeneity =
0.99). The results suggested that BMI ≥30 kg/m2 was associated
with a higher risk of both IDC and ILC (ORobese vs. normal 1.92,
95% CI: 1.44–2.56 for IDC and ORobese vs. normal 2.44, 95% CI:
1.43–4.16 for ILC, p for heterogeneity = 0.11), while deliberate
weight loss was associated with a significantly decreased risk
of ILC and IDC (ORyes vs. no 0.75, 95% CI: 0.61–0.92 for IDC
and ORyes vs. no 0.68, 95% CI: 0.46–0.99 for ILC, p for hetero-
geneity = 0.78) (Table 2).

No significant association between menopausal status and
IDC and ILC was found. Moreover, no significant interaction
between the study variables (those with a significant associa-
tion with either ILC or IDC) and menopausal status was
found (p for interaction ≥0.05 for all).

Discussion
In this case–control study, we found significant heterogeneity
among associations between reproductive and anthropometric
factors with the risk of IDC and ILC. While there were signifi-
cant associations between family history of breast cancer,
OCP use, breastfeeding and age at first delivery and risk of
IDC, a history of miscarriage, type 2 diabetes, deliberate
weight loss and menarche age were associated with a higher
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Table 1. Distributions of the characteristics of the control participants and invasive ductal carcinoma (IDC) and invasive lobular carcinoma (ILC)
of the breast among Iranian women, 2014–2017

Factors

Controls (N = 1,009) IDC (N = 849) ILC (N = 160)

n (%) n (%) n (%) p Value1

Age (year) 0.58

<40 280 (27.8) 212 (25.0) 37 (23.1)

41–50 336 (33.2) 280 (33.0) 52 (32.5)

51–60 255 (25.3) 225 (26.5) 42 (26.3)

>60 138 (13.7) 132 (15.5) 29 (18.1)

Education 0.78

Primary or illiterate 349 (34.6) 287 (33.8) 61 (38.1)

Intermediate 206 (20.4) 152 (17.9) 27 (16.9)

High school 264 (26.2) 252 (29.7) 48 (30.0)

Academic 190 (18.8) 158 (18.6) 24 (15)

Occupation 0.17

Housewife 780 (77.3) 655 (77.1) 124 (77.5)

Employed 229 (22.7) 194 (22.9) 36 (22.5)

Ethnicity 0.53

Fars 359 (35.6) 293 (34.5) 60 (37.5)

Lor 267 (26.5) 244 (28.7) 37 (23.1)

Turk 188 (18.6) 152 (17.9) 34 (21.3)

Other2 195 (19.3) 160 (18.8) 29 (18.1)

Family history of breast cancer 0.006

No 867 (85.9) 619 (72.9) 134 (83.8)

Second relative 54 (5.8) 70 (8.3) 14 (8.7)

First relative3 88 (8.7) 160 (18.8) 12 (7.5)

Smoking 0.92

No 937 (92.9) 724 (85.3) 136 (85.0)

Yes 72 (7.1) 125 (14.7) 24 (15.0)

OCP use4 0.54

Never 601 (59.6) 455 (53.6) 82 (51.2)

Ever 408 (40.4) 394 (46.4) 78 (48.8)

Chest X-ray history 0.45

No 317 (31.4) 242 (28.5) 114 (71.3)

Yes 692 (68.6) 607 (71.5) 46 (28.7)

History of benign breast disease 0.48

No 943 (93.5) 731 (86.1) 138 (86.3)

Yes 66 (6.5) 118 (13.9) 22 (13.7)

Physical activity5 0.63

No 799 (79.2) 683 (80.4) 132 (82.5)

Yes 210 (20.8) 166 (19.6) 28 (17.5)

BMI 0.13

<24.99 359 (33.2) 270 (29.8) 40 (22.5)

25.00 to 29.99 489 (48.5) 373 (43.9) 82 (51.3)

≥30.00 161 (16.0) 206 (24.3) 38 (23.7)

Deliberate weight loss 0.81

No 643 (63.7) 558 (65.7) 105 (65.6)

Yes 366 (36.3) 291 (34.3) 55 (34.4)

Age at first delivery (year) 0.26

<18 355 (35.2) 200 (23.6) 46 (28.8)

(Continues)
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risk of ILC. Moreover, the associations between history of
chest X-ray, family history of breast cancer, history of miscar-
riage and type 2 diabetes differed between the two histological
subtypes of breast cancer. Smoking, BMI of ≥30 kg/m2 and
history of benign breast disease were associated with increased
risks of both IDC and ILC.

The significant association between history of breast cancer
in first relatives and risk of IDC suggests that genetic factors
might play important role in the aetiology of this type of
breast cancer.21 Family clustered types of cancer are known as
hereditary, which are passed to the next generation through
muted genes. Compared to non-inherited cases, hereditary
breast cancers develop earlier in life.21,22 In line with the liter-
ature, in our study, IDC cases were significantly younger
(more than 3 years on average) than ILC patients.

We observed a positive association between type 2 diabetes
and the risk of ILC, but not IDC. The findings of a previous
meta-analysis supported a positive association between type
2 diabetes and breast cancer.23 However, it has been suggested
that women with diabetes are less likely to use postmeno-
pausal hormones, and hormone therapy may confound the
association between breast cancer and type 2 diabetes.24 Hor-
mone therapy has never been common in Iran and only a
small number of participants in our study (<3%) reported
hormone therapy. As a result, the observed association between
diabetes and ILC risk is unlikely to be confounded by hormone
therapy. To the best of our knowledge, no previous study has
examined the association between type 2 diabetes and differ-
ent subtypes of breast cancer. The observed association
between diabetes and breast cancer risk can be attributed to

Table 1. Distributions of the characteristics of the control participants and invasive ductal carcinoma (IDC) and invasive lobular carcinoma (ILC)
of the breast among Iranian women, 2014–2017 (Continued)

Factors

Controls (N = 1,009) IDC (N = 849) ILC (N = 160)

n (%) n (%) n (%) p Value1

18–23 284 (28.1) 254 (29.9) 52 (32.5)

24–30 158 (15.7) 142 (16.7) 28 (17.4)

≥31 131 (13.0) 181 (21.3) 22 (13.8)

Nulliparous 81 (8.0) 72 (8.5) 12 (7.5)

Breastfeeding (month) 0.66

0–5 184 (18.2) 204 (24.0) 30 (18.7)

6–17 53 (5.3) 72 (8.5) 14 (8.8)

18–29 128 (12.7) 114 (13.4) 20 (12.5)

30–41 116 (11.5) 90 (10.6) 18 (11.2)

≥42 528 (52.3) 369 (43.5) 78 (48.8)

History of miscarriage 0.17

No 694 (68.8) 567 (66.8) 94 (58.8)

Yes 315 (31.2) 282 (33.2) 66 (41.2)

Menarche age (year) 0.17

<12 138 (13.7) 131 (15.4) 38 (23.7)

12–13 431 (42.7) 343 (40.4) 64 (40.0)

≥14 440 (43.6) 375 (44.2) 58 (36.3)

Regular menstruation 0.001

No 139 (13.78) 102 (12.01) 20 (12.5)

Yes 867 (85.92) 745 (87.76) 140 (87.5)

Missing 3 (0.30) 2 (0.23) 0 (0)

Menopausal status6 0.001

Pre-menopausal 647 (64.1) 518 (61.0) 94 (58.8)

Post-menopausal 362 (35.9) 331 (39.0) 66 (41.2)

Type 2 diabetes 0.24

No 942 (93.4) 787 (92.7) 137 (85.6)

Yes 67 (6.6) 62 (7.3) 23 (14.4)

1Chi-squired test comparing IDC and ILC
2Including Arab, Balouch and Kourd ethnics
3First or both first and second relatives
4OCP = oral contraceptive pills
530 min or more of moderate aerobic activity at least 3 or more times/week on a regular basis
6Only natural menopause.
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Table 2. Unadjusted and adjusted odds ratios of the association between the study variables and subtypes of breast cancer among Iranian
women, 2014–2017

Variables

Invasive ductal carcinoma Invasive lobular carcinoma

Unadjusted1 Adjusted2 Unadjusted1 Adjusted2

OR (95%CI)
ductal vs. control

OR (95%CI)
ductal vs. control

OR (95%CI)
lobular vs. control

OR (95%CI)
lobular vs. control

p for
heterogeneity3

Education

Primary or illiterate Reference Reference Reference Reference

Intermediate 0.89 (0.69–1.16) 0.84 (0.63–1.12) 0.74 (0.46–1.21) 0.77 (0.45–1.30) 0.35

High school 1.16 (0.91–1.46) 1.03 (0.79–1.34)) 1.04 (0.68–1.56) 1.09 (0.68–1.74) 0.38

Academic 1.01 (0.77–1.31) 0.74 (0.53–1.04) 0.72 (0.43–1.19) 0.68 (0.36–1.27) 0.14

Occupation 0.37

Housewife Reference Reference Reference Reference

Employed 1.00 (0.81–1.25) 0.93 (0.72–1.19) 0.98 (0.66–1.47) 0.90 (0.57–1.43) 0.21

Family history of breast cancer

No Reference Reference Reference Reference

Second relative 1.81 (1.25–2.62) 1.46 (0.98–2.16) 1.67 (0.56–1.84) 1.44 (0.90–3.10) 0.80

First relative4 2.54 (1.92–3.36) 2.64 (1.97–3.55) 0.88 (0.46–1.65) 0.81 (0.42–1.57) <0.001

Smoking 0.66

No Reference Reference Reference Reference

Yes 2.24 (1.65–3.05) 2.37 (1.71–3.29) 2.29 (1.39–3.77) 2.32 (1.34–4.04)

OCP use5 0.28

Never Reference Reference Reference Reference

Ever 1.27 (1.06–1.53) 1.63 (1.32–2.00) 1.40 (1.01–1.95) 1.46 (0.99–2.12)

Chest X-ray history <0.001

No Reference Reference Reference Reference

Yes 1.14 (0.94–1.40) 1.12 (0.90–1.39) 0.86 (0.59–1.24) 1.17 (1.11–1.25)

History of benign
breast disease

0.99

No Reference Reference Reference Reference

Yes 2.30 (1.68–3.16) 2.23 (1.60–3.10) 2.27 (1.36–3.81) 2.27 (1.30–3.94)

Physical activity6 0.72

No Reference Reference Reference Reference

Yes 0.92 (0.73–1.16) 0.90 (0.70–1.15) 0.80 (0.52–1.24) 0.98 (0.62–1.56)

BMI

<24.99 Reference Reference Reference Reference

25.00 to 29.99 1.01 (0.81–1.25) 1.05 (0.84–1.32) 1.56 (1.03–2.37) 1.53 (0.98–2.39) 0.60

≥30.00 1.69 (1.30–2.21) 1.92 (1.44–2.56) 2.20 (1.34–3.60) 2.44 (1.43–4.16) 0.11

Deliberate weight loss 0.78

No Reference Reference Reference Reference

Yes 0.91 (0.75–1.10) 0.75 (0.61–0.92) 0.92 (0.64–1.30) 0.68 (0.46–0.99)

Age at first delivery (year)

<18 Reference Reference Reference Reference

18–23 1.58 (1.24–2.02) 1.59 (1.22–2.06) 1.41 (0.92–2.16) 1.77 (1.11–2.84) 0.82

24–30 1.59 (1.19–2.12) 1.61 (1.16–2.23) 1.36 (0.82–2.26) 1.92 (1.07–3.45) 0.79

≥31 2.45 (1.84–3.25) 2.92 (2.03–4.20) 1.29 (0.75–2.23) 2.44 (1.22–4.90) 0.28

Nulliparous 1.57 (1.09–2.26) 1.47 (0.94–2.29) 1.14 (0.59–2.25) 1.57 (0.66–3.75) 0.81

Breastfeeding (months)

0–5 Reference Reference Reference Reference

6–17 1.22 (0.81–1.84) 1.25 (0.79–1.99) 1.62 (0.80–3.27) 1.31 (0.57–3.00) 0.54

18–29 0.80 (0.58–1.10) 0.82 (0.56–1.19) 0.95 (0.52–1.76) 0.91 (0.44–1.91) 0.85

(Continues)
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changes in the amounts of circulating insulin, insulin-like
growth factors (IGFs) and endogenous sex hormones.23

Type 2 diabetes is usually associated with insulin resistance
and over secretion of pancreatic insulin. Insulin has been
demonstrated to have a mitogenic effect on breast tissues,25

and insulin receptors are known to be overexpressed in
cancerous cells of the breast.26 Another possible explanation
is that, compared to non-diabetic women, diabetic women
have a higher concentration of circulating oestrogen,23 which
is an established risk factor for breast cancer.27,28

In our study, breastfeeding duration was associated with a
decreased risk of IDC but not ILC. The literature is contradic-
tory with regard to the association between breastfeeding and
breast cancer. While some studies suggested that breastfeeding
may decrease the risk of breast cancer,29–31 others reported no
association.32,33 These conflicting results may be explained by
the different aetiologies of breast cancer subtypes, as ductal
tissues are responsible for milk production and are less prone
to mutation.6 In line with our findings, Ursin et al. reported
that the total duration of breastfeeding was more strongly

associated with the risk of IDC than for ductal-lobular or lob-
ular breast cancers.11 It has been suggested that carcinogenic
agents may excrete from the breast ductal tissues through
lactation.11

The strong association between smoking and breast can-
cer risk for both ILC and IDC subtypes in our study is in
agreement with the findings of previous studies.4,16 A meta-
analysis on 14 published cohort studies based on 73,388
women suggests that active smoking is associated with an
increased risk of all subtypes of breast cancer in women who
initiate smoking before the birth of their first child.34 However, a
systematic review found no overall association between active
smoking and risk of breast cancer. The authors of this review
attributed the conflicting results to the confounding effect of
alcohol use.35 Alcohol use is less likely to confound the results of
our study because the prevalence of alcohol consumption is very
low (<1%) and infrequent among Iranian women.36

We also found a positive association between OCP use and
risk of IDC and ILC (the association was not significant for
ILC). In a study by Rosenberg et al.,37 a history of OCP use

Table 2. Unadjusted and adjusted odds ratios of the association between the study variables and subtypes of breast cancer among Iranian
women, 2014–2017 (Continued)

Variables

Invasive ductal carcinoma Invasive lobular carcinoma

Unadjusted1 Adjusted2 Unadjusted1 Adjusted2

OR (95%CI)
ductal vs. control

OR (95%CI)
ductal vs. control

OR (95%CI)
lobular vs. control

OR (95%CI)
lobular vs. control

p for
heterogeneity3

30–41 0.69 (0.49–0.98) 0.67 (0.45–1.00) 0.95 (0.50–1.78) 0.89 (0.41–1.93) 0.87

≥42 0.63 (0.49–0.80) 0.59 (0.42–0.83) 0.90 (0.57–1.42) 0.70 (0.36–1.35) 0.80

History of miscarriage 0.04

No Reference Reference Reference Reference

Yes 1.09 (0.90–1.33) 1.18 (0.95–1.46) 1.56 (1.11–2.20) 1.71 (1.17–2.51)

Menarche age (year)

<12 Reference Reference Reference Reference

12–13 0.83 (0.63–1.10) 0.82 (0.61–1.11) 0.53 (0.34–0.88) 0.61 (0.38–0.99) 0.34

≥14 0.89 (0.68–1.18) 0.88 (0.65–1.19) 0.47 (0.30–0.75) 0.60 (0.36–0.98) 0.27

Regular menstruation 0.32

No Reference Reference Reference Reference

Yes 1.17 (0.89–1.53) 1.28 (0.95–1.72) 1.12 (0.67–1.85) 0.79 (0.53–1.17)

Menopause status7 0.29

Pre-menopausal Reference Reference Reference Reference

Post-menopausal 1.14 (0.9–1.37) 1.15 (0.93–1.43) 1.28 (0.89–1.76) 0.82 (0.56–1.21)

Type 2 diabetes 0.02

No Reference Reference Reference Reference

Yes 1.10 (0.77–1.58) 1.17 (0.79–1.72) 2.36 (1.42–3.91) 2.29 (1.31–4.03)

1Multinomial logistic regression.
2Multivariable multinomial logistic regression, adjusted for education, occupation, ethnicity, family history of BC, smoking, OCP, chest X-ray history, his-
tory of benign breast disease, BMI, physical activity, deliberate weight loss, age at first delivery, breastfeeding, history of miscarriage, menarche age,
regular menstrual, menopause status and type 2 diabetes
3Using Wald-test of the hypothesis that both subtypes of breast cancer share the same odds ratio for each exposure under study
4First or both first and second relatives
5OCP = oral contraceptive pill
630 min or more of moderate aerobic activity at least 3 or more times/week on a regular basis
7Only natural menopause.
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was found to be associated with both IDC and ILC; however,
other studies only reported an association with ILC.12, 38,39

In our study, BMI of ≥30 kg/m2 was associated with
higher risks of both ILC and IDC, although the association
was stronger for ILC. Obesity is an established risk factor
for postmenopausal breast cancer; however, the association
with different subtypes of breast cancer remains unclear.40

In the present study, we did not observe any significant dif-
ference in the association between BMI and risk of the two
breast cancer subtypes, which is in agreement with previous
reports.8,41 The association between deliberate weight loss
and a decreased risk of both types of breast cancer observed
in our study is in line with the findings of a recently pub-
lished meta-analysis of 139 prospective and retrospective
studies.42

We found an increased risk of both IDC and ILC subtypes
in women who were older at their first delivery, which is in
agreement with the findings of some previous studies,43,44 but
not all.12,45,46 Another study suggested that there is no signifi-
cant difference between the risk of breast cancer subtypes and
reproductive factors including the age of first delivery.32

Our findings are in accordance with earlier studies that
reported a decreased risk of IDC and ILC (though the associa-
tion was not significant for IDC), in women that were older at
menarche. Similarly, a study reported that menarche age is
inversely associated with the risk of both IDC and ILC and
these authors found a stronger association with ILC.8 In
another prospective study, a significant difference was found
in the association between age at menarche with lobular and
ductal breast cancer.29

In our study, a history of miscarriage was associated
with a higher risk of ILC but not IDC (the heterogeneity
was marginally significant). The evidence is controversial
regarding the effect of miscarriage on breast cancer.41,47,48 In
a meta-analysis conducted in 2015,49 no sufficient evidence
was found for an association between abortion (including
both induced and spontaneous abortion) and breast cancer.

Finally, with regard to the results of the present study
including the younger age at diagnosis and more prevalent
family history of breast cancer among IDC patients, and
more prevalent history of chest X-ray, type 2 diabetes and mis-
carriage among ILC patients, may suggest higher importance of
environmental factors in ILC and heredity in IDC.50,51

Strengths and limitations
To the best of our knowledge, this is the first case–control
study from a less-developed country, with a different culture, life-
style and environmental exposures than developed countries,

which compares the risk factors for ILC and IDC among pre
and post-menopausal women. As we only included newly diag-
nosed cases, the results are not prone to bias related to the
survival of patients. As alcohol consumption is illegal in Iran and
regular use is uncommon among Iranian women,37 the associa-
tion between smoking and breast cancer found in our study is
less likely to be confounded by alcohol consumption. Anthropo-
metric factors were measured at the time of interview, thus they
were not self-reported.

Information about previous exposure to factors of inter-
est in this study are considered to be among those that are
generally well remembered, regardless of the status of the
participants. However, histories of exposures are prone to
differential recall error between cases and controls, which is
a common bias in case–control studies. In particular, his-
tory of chest X-ray has a potential risk of recall bias; how-
ever, the distribution of our findings for chest X-ray history
did not significantly differ between patients and controls,
suggesting that the risk of recall bias was minimal. Another
limitation was the lack of information on the status of oes-
trogen (ER) and progesterone (PR) hormone receptor and
human epidermal growth factor receptor 2 (HER2). Although,
we did not find any interaction effect between menopausal sta-
tus and other factors associated with BC, a limited sample size
prevented us to conduct menopause-subtype stratified analysis.
Thus, a larger study on the heterogeneity of associations by
subtype and menopausal status is recommended.

Conclusions
The heterogeneity of associations among several reproduc-
tive factors, type 2 diabetes and weight loss found in our
study suggests that IDC and ILC are aetiologically distinctive
tumours, and that changes in reproductive behaviour can
have different effects on the incidence and proportion of
these subtypes. Moreover, our findings suggest that genetic
factors might be more important in the aetiology of IDC,
while lifestyle and some environmental factors might play
more important roles in the aetiology of ILC. Interestingly,
smoking and obesity were associated with both subtypes,
suggesting effective community based control programs may
decrease the incidence of both subtypes.

Acknowledgements
This study was financially supported by Shiraz University of Medical
Sciences, Shiraz, Iran (Grant number: 13748). Mr. Daneshi is funded by
Behbahan Faculty of Medical Sciences (no: 9614), and Dr. Ghiasvand is
funded by the Norwegian Cancer Society (project 6823329).

2924 heterogeneity of ductal and lobular breast carcinomas risk factors

Int. J. Cancer: 145, 2917–2925 (2019) © 2019 UICC

C
an

ce
r
E
pi
de
m
io
lo
gy



References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics,
2018. CA Cancer J Clin 2018;68:7–30.

2. Hashim D, Boffetta P, La Vecchia C, et al. The
global decrease in cancer mortality: trends and
disparities. Ann Oncol 2016;27:926–33.

3. Dianatinasab M, Mohammadianpanah M,
Daneshi N, et al. Socioeconomic factors, health
behavior, and late-stage diagnosis of breast cancer:
considering the impact of delay in diagnosis. Clin
Breast Cancer 2018;18:239–45.

4. Dianatinasab M, Fararouei M,
Mohammadianpanah M, et al. Hair coloring,
stress, and smoking increase the risk of breast
cancer: a case-control study. Clin Breast Cancer
2017;17:650–9.

5. Alipour S, Modirian M, Etemad K. National and
sub-national burden of breast cancer in Iran;
1990-2013. Arch Iran Med 2014;17:794–9.

6. Makki J. Diversity of breast carcinoma: histologi-
cal subtypes and clinical relevance. Clin Med
Insights Pathol 2015;8:23–31.

7. Najafi B, Anvari S, Roshan ZA. Disease free sur-
vival among molecular subtypes of early stage
breast cancer between 2001 and 2010 in Iran.
Asian Pac J Cancer Prev 2013;14:5811–6.

8. Kotsopoulos J, Chen WY, Gates MA, et al. Risk
factors for ductal and lobular breast cancer:
results from the nurses’ health study. Breast Can-
cer Res 2010;12:R106.

9. Cocquyt V, Van Belle S. Lobular carcinoma in
situ and invasive lobular cancer of the breast. Curr
Opin Obstet Gynecol 2005;17:55–60.

10. Mullooly M, Khodr ZG, Dallal CM, et al. Epide-
miologic risk factors for in situ and invasive breast
cancers among postmenopausal women in the
National Institutes of Health-AARP diet and
health study. Am J Epidemiol 2017;186:1329–40.

11. Ursin G, Bernstein L, Lord SJ, et al. Reproductive
factors and subtypes of breast cancer defined by
hormone receptor and histology. Br J Cancer
2005;93:364–71.

12. Williams LA, Nichols HB, Hoadley KA, et al.
Reproductive risk factor associations with lobular
and ductal carcinoma in the Carolina breast can-
cer study. Cancer Causes Control 2018;1:25–32.

13. Daroudi R, Sari AA, Nahvijou A, et al. The
economic burden of breast cancer in Iran. Iran J
Public Health 2015;44:1225–33.

14. Cancer CGoHFiB. Menarche, menopause, and
breast cancer risk: individual participant meta-
analysis, including 118 964 women with breast
cancer from 117 epidemiological studies. Lancet
Oncol 2012;13:1141–51.

15. Torre LA, Bray F, Siegel RL, et al. Global
cancer statistics, 2012. CA Cancer J Clin 2015;65:
87–108.

16. Baglia ML, Cook LS, Mei-Tzu C, et al. Alcohol,
smoking, and risk of Her2-overexpressing and
triple-negative breast cancer relative to estrogen
receptor-positive breast cancer. Int J Cancer 2018;
143:1849–57.

17. Pacheco SO, Pacheco FJ, Zapata GM, et al.
Food habits, lifestyle factors, and risk of pros-
tate cancer in Central Argentina: a case control
study involving self-motivated health behavior
modifications after diagnosis. Nutrients 2016;
8:1–22.

18. Hruby A, Manson JE, Qi L, et al. Determinants
and consequences of obesity. Am J Public Health
2016;106:1656–62.

19. Fallahzadeh H. Age at natural menopause in
Yazd, Islamic Republic of Iran. Menopause
(New York, NY) 2007;14:900–4.

20. Mohammad K, Sadat Hashemi SM, Farahani FK.
Age at natural menopause in Iran. Maturitas
2004;49:321–6.

21. Njiaju UO, Olopade OI. Genetic determinants of
breast cancer risk: a review of current literature
and issues pertaining to clinical application. Breast
J 2012;18:436–42.

22. Phipps AI, Li CI, Kerlikowske K, et al. Risk
factors for ductal, lobular, and mixed ductal-
lobular breast cancer in a screening population.
Cancer Epidemiol Biomarkers Prev 2010;19:
1643–54.

23. Larsson SC, Mantzoros CS, Wolk A. Diabetes
mellitus and risk of breast cancer: a meta-analysis.
Int J Cancer 2007;121:856–62.

24. Michels KB, Solomon CG, Hu FB, et al. Type
2 diabetes and subsequent incidence of breast can-
cer in the nurses’ health study. Diabetes Care
2003;26:1752–8.

25. Chappell J, Leitner JW, Solomon S, et al. Effect of
insulin on cell cycle progression in MCF-7 breast
cancer cells direct and potentiating influence.
J Biol Chem 2001;276:38023–8.

26. Papa V, Belfiore A. Insulin receptors in breast
cancer: biological and clinical role. J Endocrinol
Invest 1996;19:324–33.

27. Kaaks R, Berrino F, Key T, et al. Serum sex ste-
roids in premenopausal women and breast cancer
risk within the European prospective investigation
into cancer and nutrition (EPIC). J Natl Cancer
Inst 2005;97:755–65.

28. Key T, Appleby P, Barnes I, et al. Endogenous sex
hormones and breast cancer in postmenopausal
women: reanalysis of nine prospective studies.
J Natl Cancer Inst 2002;94:606–16.

29. Reeves GK, Pirie K, Green J, et al. Reproductive
factors and specific histological types of breast
cancer: prospective study and meta-analysis. Br J
Cancer 2009;100:538–44.

30. Ghiasvand R, Maram ES, Tahmasebi S, et al. Risk
factors for breast cancer among young women in
southern Iran. Int J Cancer 2011;129:1443–9.

31. Michels KB, Willett WC, Rosner BA, et al. Pro-
spective assessment of breastfeeding and breast
cancer incidence among 89,887 women. Lancet
1996;347:431–6.

32. Kwan ML, Kushi LH, Weltzien E, et al. Epidemi-
ology of breast cancer subtypes in two prospective
cohort studies of breast cancer survivors. Breast
Cancer Res 2009;11:R31-R.

33. Butt S, Borgquist S, Anagnostaki L, et al. Breast-
feeding in relation to risk of different breast can-
cer characteristics. BMC Res Notes 2014;7:216.

34. Gaudet MM, Gapstur SM, Sun J, et al. Active
smoking and breast cancer risk: original cohort
data and meta-analysis. J Natl Cancer Inst 2013;
105:515–25.

35. Terry PD, Rohan TE. Cigarette smoking and the
risk of breast cancer in women: a review of the lit-
erature. Cancer Epidemiol Biomarkers Prev 2002;
11:953–71.

36. Lankarani KB, Afshari R. Alcohol consumption in
Iran. Lancet 2014;384:1927–8.

37. Rosenberg LU, Magnusson C, Lindstrom E, et al.
Menopausal hormone therapy and other breast
cancer risk factors in relation to the risk of
different histological subtypes of breast cancer:
a case-control study. Breast Cancer Res 2006;
8:R11.

38. Newcomer LM, Newcomb PA, Trentham-
Dietz A, et al. Oral contraceptive use and risk of
breast cancer by histologic type. Int J Cancer
2003;106:961–4.

39. Li CI, Malone KE, Porter PL, et al. Reproductive
and anthropometric factors in relation to the risk
of lobular and ductal breast carcinoma among
women 65–79 years of age. Int J Cancer 2003;107:
647–51.

40. Park YM, White AJ, Nichols HB, et al. The associ-
ation between metabolic health, obesity phenotype
and the risk of breast cancer. Int J Cancer 2017;
140:2657–66.

41. Balekouzou A, Yin P, Pamatika CM, et al. Repro-
ductive risk factors associated with breast cancer
in women in Bangui: a case-control study. BMC
Womens Health 2017;17:1–9.

42. Hardefeldt PJ, Penninkilampi R, Edirimanne S,
et al. Physical activity and weight loss reduce the
risk of breast cancer: a meta-analysis of 139 pro-
spective and retrospective studies. Clin Breast
Cancer 2018;18:e601–12.

43. Albrektsen G, Heuch I, Thoresen SO. Histologi-
cal type and grade of breast cancer tumors by
parity, age at birth, and time since birth: a
register-based study in Norway. BMC Cancer
2010;10:226–36.

44. Newcomb P, Trentham-Dietz A, Hampton J, et al.
Late age at first full term birth is strongly associ-
ated with lobular breast cancer. Cancer 2011;117:
1946–56.

45. Li H, Sun X, Miller E, et al. BMI, reproductive
factors, and breast cancer molecular subtypes: a
case-control study and meta-analysis. J Epidemiol
2017;27:143–51.

46. Kapil U, Bhadoria A, Sareen N, et al. Reproduc-
tive factors and risk of breast cancer: a review.
Indian J Cancer 2014;51:571–6.

47. Ahmed K, Asaduzzaman S, Bashar MI, et al.
Association assessment among risk factors and
breast cancer in a low income country:
Bangladesh. Asian Pac J Cancer Prev 2015;16:
7507–12.

48. Jia X, Liu G, Mo M, et al. Reproductive factors
and hormone receptor status among very young
(<35 years) breast cancer patients. Oncotarget
2015;6:24571–80.

49. Guo J, Huang Y, Yang L, et al. Association
between abortion and breast cancer: an updated
systematic review and meta-analysis based on
prospective studies. Cancer Causes Control 2015;
26:811–9.

50. Dossus L, Benusiglio PR. Lobular breast cancer:
incidence and genetic and non-genetic risk fac-
tors. Breast Cancer Res: BCR 2015;17:37. https://
doi.org/10.1186/s13058-015-0546-7.

51. Li CI, Anderson BO, Daling JR, et al. Trends in
incidence rates of invasive lobular and ductal
breast carcinoma. JAMA 2003;289:1421–4.

Dianatinasab et al. 2925

Int. J. Cancer: 145, 2917–2925 (2019) © 2019 UICC

C
an

ce
r
E
pi
de
m
io
lo
gy

https://doi.org/10.1186/s13058-015-0546-7
https://doi.org/10.1186/s13058-015-0546-7

	 Heterogeneity in risk factors for ductal and lobular breast carcinomas: A case-control study
	Introduction
	Methods
	Study population
	Case and control selection
	Data collection
	Statistical analysis

	Results
	Discussion
	Strengths and limitations

	Conclusions
	Acknowledgements
	References


