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Background: This study aims to evaluate the association and dose-response between
triglyceride-glucose (TyG) index and breast cancer.

Method: This is a multicenter case-control study conducted in six public referral hospitals
in Indonesia. Cases are individuals aged 19 years or above who were diagnosed with
breast cancer within 1 year of diagnosis, based on histopathology and
immunohistochemistry. Controls were recruited from corresponding hospitals. TyG
index was determined by the formula: ln (fasting TG [mg/dl] × fasting glucose [mg/dl]).

Results: There were 212 participants in the breast cancer group and 212 participants in
the control group. TyG index was higher in patients with breast cancer (median 8.65 [7.38,
10.9] vs. 8.30 [7.09, 10.84], p < 0.001). When compared with TyG quartile of Q1, Q4 was
associated with an OR of 2.42 (1.77, 3.31), p < 0.001, Q3 was associated with an OR of
1.53 (1.21, 1.93), p < 0.001, Q2 was associated with an OR of 1.39 (1.12, 1.73), p = 0.002
n.org October 2021 | Volume 12 | Article 7452361

https://www.frontiersin.org/articles/10.3389/fendo.2021.745236/full
https://www.frontiersin.org/articles/10.3389/fendo.2021.745236/full
https://www.frontiersin.org/articles/10.3389/fendo.2021.745236/full
https://www.frontiersin.org/articles/10.3389/fendo.2021.745236/full
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:sonarpanigoro@gmail.com
https://doi.org/10.3389/fendo.2021.745236
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2021.745236
https://www.frontiersin.org/journals/endocrinology
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2021.745236&domain=pdf&date_stamp=2021-10-11


Panigoro et al. TyG Index and Breast Cancer

Frontiers in Endocrinology | www.frontiersi
for the risk of breast cancer. The dose-response relationship was nonlinear (p < 0.001).
On univariate analysis, smoking (OR 2.15 [1.44, 3.22], p < 0.001), use of contraception
(1.73 [1.15, 2.60], p = 0.008), alcohol consumption (OR 2.04 [0.96, 4.35], p = 0.064), and
TyG Index >8.87 (OR 3.08 [1.93, 4.93], p < 0.001) were associated with risk of breast
cancer. Independently associated with increased risk of breast cancer included smoking
(OR 1.93 [1.23, 3.01], p = 0.004), use of contraception (OR 1.59 [1.02, 2.48], p = 0.039),
and TyG Index >8.87 (OR 2.93 [1.72, 4.98], p < 0.001)

Conclusion: TyG index was associated with breast cancer in a nonlinear dose-response
fashion.
Keywords: breast cancer, insulin resistance, triglyceride, glucose, insulin
INTRODUCTION

Breast cancer is the most common cancer worldwide (1, 2). There
were an estimated 2.3 million new cases of female breast cancer
out of 19.3 million new cases of cancer (i.e., breast cancer
represents 11.7% of all new cancer cases) worldwide in 2020 (2).
Breast cancer accounts for one in six cancer deaths and has
become the leading cause of cancer death in the majority of
countries. This trend also occurs in Indonesia where the incidence
rate of breast cancer is 44.0 and mortality rate is 15.3 out of
100,000 (2, 3). Breast cancer is associated with several risk factors
which numerous studies have investigated (4–7). Risk factors are
commonly differentiated into two categories namely
nonmodifiable and modifiable risk factors. The nonmodifiable
risk factors consist of age, age of menarche, genetic factors, family
history, and history of breast cancer, while the modifiable category
includes weight status, fat intake, parity, breastfeeding status,
alcohol consumption, smoking habit, and the use of
contraception (4–6, 8).

Recent studies suggest that insulin resistance was associated
with breast cancer and may affect its prognosis (9, 10).
Euglycemic-hyperinsulinemic clamp (clamp-IR) is the gold
standard for IR diagnosis (11); however, its use is impractical
(12). Triglyceride-glucose (TyG) index is a reliable surrogate
marker of insulin resistance (13), which is calculated by formula
comprising fasting glyceride and glucose, which is usually
assessed in apparently healthy individuals (14). Thus, risk
stratification for breast cancer using TyG index is practical,
feasible, and cost-effective. Although ideally evaluated using a
prospective cohort study, this case-control study may provide
early evidence regarding the association between insulin
resistance and breast cancer. This study aims to evaluate the
association between TyG index and breast cancer and assess the
dose-response between TyG index and breast cancer.
PATIENTS AND METHODS

Study Population
This was a multicenter case-control study conducted in six public
referral hospitals in Indonesia, namely, Ciptomangunkusumo
Hospital in Jakarta, Dharmais Cancer Center in Jakarta, Arifin
n.org 2
Achmad General Hospital in Pekanbaru, Dr. Kariadi Hospital in
Semarang, Wahidin Sudirohusodo Hospital in Makassar, and
Prof. Dr. WZ. Johannes Hospital in Kupang. Recruitment of
study participants was performed consecutively between April to
August 2019. A total of 432 women consisting of 216 cases and
216 controls were recruited. The sample size was derived from
proportion estimate of two population with the formula (Z1−a/
2√2PQ + Z1−b√P1Q 1+P2Q2)2/(P1−P2)2.

The inclusion criteria for the case group are as follows (1):
individuals aged 19 years or above who were diagnosed with breast
cancer based on histopathology and immunohistochemistry
between April to August 2019. The maximum year
postdiagnosis was 1 year (2), patients with breast cancer that
has not received therapy, (3) can read, understand, and provide
consent, and (4) complete medical record and paraffin block.
Those with incomplete questionnaire data were excluded.
Controls were recruited from corresponding hospitals. Inclusion
criteria for the control group were as follows: (1) women aged 19
years or above (matched 5 years), (2) in healthy conditions based
on anamnesis and physical examination results, (3) no evidence of
cancer or history of cancer, and (4) no evidence of chronic disease.
Most individuals recruited as controls were hospital employees.
The study was approved by Ethical Committee of Health Research
in the Faculty of Medicine, Universitas Indonesia, Rumah Sakit
Cipto Mangunkusumo, Jakarta, Indonesia (450/UN2.F1/
ETIK/2018).

Measurements
Data were collected through medical records and a self-
administered structured questionnaire. The questionnaire
included information on age at menarche, smoking history,
reproductive risk factors (i.e., breastfeeding and use of
contraception), family history of malignancy, alcohol
consumption, and nutrition intake.

TyG index was determined by the formula: ln (fasting TG
[mg/dl] × fasting glucose [mg/dl]) (14).

Weight and height were measured to the nearest 0.1 kg and
0.5 cm according to standardized procedures. The study
participants wore light clothes and no shoes during the
measurement. Body mass index (BMI) was calculated as weight
in kilograms divided by the square of height in meters. BMI was
classified according to WHO into underweight (<18.5 kg/m2),
October 2021 | Volume 12 | Article 745236
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normal weight (18.5–24.9 kg/m2), and overweight and obese
(>24.9 kg/m2).

Menarche was defined as the age when the first menstruation
occurred. The use of contraception, breastfeeding history, smoking
status, and alcohol consumption were defined from the
questionnaire. Participants were classified as using contraception/
breastfeeding/having smoking history/consuming alcohol if they
answered “yes” to the question “have you ever used contraception/
breastfed/smokedcigarettes/drunkalcoholduringyour entire life?”.
Those who answered yes were then asked for the duration of using
contraception/breastfeeding/having smoking history/consuming
alcohol. Type of contraception was also asked to those who ever
used contraception.

Statistical Analysis
Categorical data are presented as proportions. The distribution
of continuous data was inspected using QQ plots, histograms,
Kolmogorov-Smirnoff, and Shapiro-Wilk test. Normally
distributed data are presented as means and standard
deviations (SD), while nonparametric data are presented as
median, minimum, and maximum values (median (min-max)).
Comparison of categorical variables was tested using Chi-square
test. Continuous variables were compared using independent t-
test or Mann-Whitney U test, where appropriate.

The TyG was divided into four quartiles, and the odds ratios
(ORs) for each quartile were calculated using the first quartile as
the reference. Restricted cubic spline model was constructed
using four knots at 7.9, 8.3, 8.7, and 9.4; nonlinearity of the dose-
response curve was also assessed. The ORs for TyG index and
breast cancer were calculated using logistic regression. A cutoff
point for TyG index was set at the beginning of the fourth
quartile for multivariate analysis. Multivariate logistic regression
was used to test the association between breast cancer and each
independent variable. The results are presented as ORs with 95%
Frontiers in Endocrinology | www.frontiersin.org 3
confidence intervals (CIs). Statistical significance was defined as
p < 0.05. Data were managed and analyzed using SPSS 25.0 (IBM,
Armonk, US) and STATA® version 16 (StataCorp, College
Station, TX, USA).
RESULTS

Baseline Characteristics
There were 212 participants in the breast cancer group and 212
participants in the control group. The baseline characteristics of
the participants in this study can be seen in Table 1. The
distribution of BMI categories was more or less the same, except
in the underweight group, in which there was a significantly
higher breast cancer patient in the underweight group.

Triglyceride-Glucose Index and
Breast Cancer
TyG index was higher in patients with breast cancer (median 8.65
[7.38, 10.9] vs. 8.30 [7.09, 10.84], p < 0.001). The patients were
divided into four quartiles based on the TyG index, namely, Q1
(7.09–8.12), Q2 (8.13–8.47), Q3 (8.48–8.86), and Q4 (8.87–10.90);
comprising of 101, 108, 108, and 107 patients, respectively. When
compared with TyG quartile of Q1, Q4 was associated with an OR
of 2.42 (1.77, 3.31), p < 0.001, Q3 was associated with an OR of
1.53 (1.21, 1.93), p < 0.001, Q2 was associated with an OR of 1.39
(1.12, 1.73), p = 0.002 for the risk of breast cancer (Table 2). There
was a non-linear relationship between TyG index and breast
cancer (p < 0.001) (Figure 1).

Univariate Analysis
On univariate analysis, variables that contribute to increased risk
of breast cancer were smoking (OR 2.15 [1.44, 3.22], p < 0.001),
TABLE 1 | Baseline characteristics of study participants.

Breast cancer (+) Breast cancer (−) p-Value
n = 212 n = 212

Age (year) 48 (22–78) 46 (22–75) 0.001
Smoking 100 (49.3) 65 (31.1) 0.001
Age at menarche (year) 13 (9–19) 13 (8–18) <0.001
Breastfeeding ≥12 months 81 (42) 87 (43.7) 0.726
Use of contraception 96 (48.7) 67 (35.4) 0.008
Family history of malignancy 35 (16.6) 45 (21.5) 0.197
Alcohol consumption 21 (10.1) 11 (5.2) 0.060
Body mass index (kg/m2)
Underweight 15 (7.2) 2 (1) 0.001
Normal 60 (28.8) 47 (22.5) 0.137
Overweight 39 (18.8) 46 (22) 0.409
Obese 94 (45.2) 114 (54.5) 0.056
TyG index 8.65 (7.38–10.9) 8.30 (7.09–10.84) <0.001
Q1 (7.09–8.12) 28 (13.2) 73 (34.4) <0.001
Q2 (8.13–8.47) 52 (24.5) 56 (26.4) 0.656
Q3 (8.48–8.86) 57 (26.9) 51 (24.1) 0.504
Q4 (8.87–10.90) 75 (35.4) 32 (15.1) <0.001
Total cholesterol 201.5 (71–343) 206 (113–561) 0.190
LDL 135 (39–268) 136 (67–268) <0.001
October 2021 | Volume 12 | Article
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use of contraception (1.73 [1.15, 2.60], p = 0.008), alcohol
consumption (OR 2.04 [0.96, 4.35], p = 0.064), and TyG Index
>8.87 (OR 3.08 [1.93, 4.93], p < 0.001) (Table 3).
Multivariate Analysis
On multivariate analysis, variables that were independently
associated with increased risk of breast cancer included
smoking (OR 1.93 [1.23, 3.01], p = 0.004), use of contraception
(OR 1.59 [1.02, 2.48], p = 0.039), and TyG Index >8.87 (OR 2.93
[1.72, 4.98], p < 0.001) (Table 3).
DISCUSSION

This study indicates that TyG index was associated with breast
cancer in a nonlinear dose-response fashion. TyG index >8.87
was independently associated with a threefold risk of breast
cancer. Although there was no statistically significant difference
in terms of overweight and obesity between the two groups, TyG
index, which is a marker of insulin resistance, was higher in
patients with breast cancer.

Hyperinsulinemia has been shown to be a risk factor for
breast cancer as shown by previous studies using fasting insulin
or c-peptide measurement (15–18). A Post Genome-Wide Gene–
Frontiers in Endocrinology | www.frontiersin.org 4
Environment Interaction Study identify insulin resistance single-
nucleotide polymorphisms (SNPs) in combination with lifestyle
as a synergistic factors for the risk of breast cancer (9). A study
involving 22,837 postmenopausal women found that insulin
resistance measured using homeostatic model assessment for
insulin resistance in postmenopausal women were associated
with higher incidence of breast cancer and mortality (10).
Interestingly, a study by Kabat et al. indicates that although
elevated serum insulin was associated with breast cancer, glucose
alone was not (18). A study by Zhu et al. on 2,536 patients with
breast cancer and 2528 patients with benign breast disease
showed that insulin and insulin resistance was associated with
breast cancer risk in Chinese women (19).

Gunter et al. showed that insulin resistance, and not adiposity
per se, is a risk factor for postmenopausal breast cancer (20).
Several reports indicate that overweight with normal insulin
sensitivity does not have increased risk for cardiovascular disease
(21–23), which might also be the case for breast cancer. In our
study, alike to that of the study of Gunter et al. (20), TyG index
was independently associated with breast cancer despite similar
baseline BMI characteristics. Since the dose-response
relationship between TyG index and risk of breast cancer was
nonlinear, a TyG index >8.87 which marks the beginning of the
fourth quartile was used as the cutoff point.

This present study showed that contraception use was
positively associated with the risk of breast cancer, although
statistical significance was lost in the multivariate analyzed. This
finding was well-reported in previous studies (24–26). In the
present study, we did not distinguish the type of hormonal
contraception. Several studies indicated no significant
differences regarding the type of oral contraception being used
by individuals with breast cancer (24, 25), while another study in
the USA shows that progestin-only pill consumption was not
correlated with the risk of breast cancer (27). Moreover, some
studies found that the duration of hormonal contraception use
was correlated with increased risk of breast cancer (24, 25).

Although there is tendency towards increased risk of breast
cancer related to alcohol consumption in the present study, it did
not reach statistical significance. Previous studies have shown
that alcohol was associated with breast cancer (28–32). A meta-
analysis reported that there is a significant association between
light drinking and breast cancer (32). Another study identified
that increased alcohol intake in postmenopausal women was
linked to a higher risk of breast cancer (31). It has been widely
accepted that the biological mechanism underlying the
correlation between alcohol and breast cancer is through the
effects of alcohol on circulating estrogen levels and thus mostly
associated with positive estrogen receptor breast cancer (28, 33).
This study did not stratify the amount of alcohol consumption,
the association might be dose related.

We did not found association of breast cancer with age at
menarche and breastfeeding. Yet, the association between age at
menarche and breast cancer has been established in previous
studies. Several studies showed that early age at menarche was
associated with increased risk of breast cancer (6, 34–36). A
meta-analysis of 117 studies reported that every year younger at
FIGURE 1 | Dose-response relationship between triglyceride-glucose index
and breast cancer.
TABLE 2 | Quartiles of triglyceride-glucose index and the risk of breast cancer.

TyG index quartiles Odds ratio p-Value

Q1 (7.09–8.12) [n = 101] Reference value Reference value
Q2 (8.13–8.47) [n = 108] 1.39 (1.12, 1.73) p = 0.002
Q3 (8.48–8.86) [n = 108] 1.53 (1.21, 1.93) p < 0.001
Q4 (8.87–10.90) [n = 107] 2.42 (1.77, 3.31) p < 0.001
TyG index, triglyceride-glucose index.
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menarche led to increasing the risk of breast cancer by the odds
of 1.050 (95% CI 1.044–1.057, p < 0.0001) (35). In the present
study, the crude analysis indicated a significant association
between age at menarche and breast cancer, while such
association was not shown in the adjusted model. Lack of
power may be a reason for this null association.

The association between breastfeeding and breast cancer has
been contradictive. The present study found a null association of
breastfeeding with breast cancer. This finding is in line with
several studies (6, 37). In contrast, other studies reported that
breastfeeding has a protective effect on breast cancer (8, 38, 39).
The risk of breast cancer who breastfed exclusively was 28%
lower compared with those who had never breastfed (38). One of
the biological explanations for this association is that prolonged
breastfeeding leads to decreased exposure to the cyclic
reproductive hormones (39).

A few studies have shown association between smoking and
breast cancer (40, 41). This study support the link between
smoking and breast cancer. A study in the UK found that
women who smoked have a higher risk of breast cancer,
particularly those who smoked >5 cigarettes per day, 10+pack-
years of use (40). This finding indicated that relationship
between smoking and breast cancer is stronger in a dose-
response pattern, rather than as a binary association.
Limitations
One of the limitations was due to self-reported measurements
used in the study, recall bias and social desirability bias might
have occurred. Furthermore, selection bias might have occurred
due to hospital-based study design. In addition, as different
histological subtypes of breast cancer might have different risk
factors, a larger longitudinal study is needed to assess factors
associated with histological subtypes of breast cancer. Finally,
levels of triglycerides and glucose are variable and are related to
the time since the last meal.
CONCLUSION

TyG index was associated with increased risk for breast cancer in
a non-linear fashion. Further prospective studies are required to
confirm this finding.
Frontiers in Endocrinology | www.frontiersin.org 5
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Nava V, Dıáz González-Colmenero A, Solis RC, et al. Diagnostic Accuracy of
the Triglyceride and Glucose Index for Insulin Resistance: A Systematic
Review. Int J Endocrinol (2020) 2020:1–7. doi: 10.1155/2020/4678526

14. Park K, Ahn CW, Lee SB, Kang S, Nam JS, Lee BK, et al. Elevated TYG Index
Predicts Progression of Coronary Artery Calcification. Diabetes Care (2019)
42:1569–73. doi: 10.2337/dc18-1920

15. Toniolo P, Bruning PF, Akhmedkhanov A, Bonfrer JMG, Koenig KL,
Lukanova A, et al. Serum Insulin-Like Growth Factor-I and Breast Cancer.
Int J Cancer (2000) 88:828–32. doi: 10.1002/1097-0215(20001201)88:5<828::
AID-IJC22>3.0.CO;2-8

16. Verheus M, Peeters PHM, Rinaldi S, Dossus L, Biessy C, Olsen A, et al. Serum
C-Peptide Levels and Breast Cancer Risk: Results From the European
Prospective Investigation Into Cancer and Nutrition (EPIC). Int J Cancer
(2006) 119:659–67. doi: 10.1002/ijc.21861

17. Keinan-Boker L, Bueno De Mesquita HB, Kaaks R, Van Gils CH, Van Noord
PAH, Rinaldi S, et al. Circulating Levels of Insulin-Like Growth Factor I, Its
Binding Proteins -1, -2, -3, C-Peptide and Risk of Postmenopausal Breast
Cancer. Int J Cancer (2003) 106:90–5. doi: 10.1002/ijc.11193

18. Kabat GC, Kim M, Caan BJ, Chlebowski RT, Gunter MJ, Ho GYF, et al.
Repeated Measures of Serum Glucose and Insulin in Relation to
Postmenopausal Breast Cancer. Int J Cancer (2009) 125:2704–10.
doi: 10.1002/ijc.24609

19. Zhu Y,Wang T,Wu J, Huang O, Zhu L, He J, et al. Biomarkers of Insulin and the
Insulin-Like Growth Factor Axis in Relation to Breast Cancer Risk in Chinese
Women. Onco Targets Ther (2020) 13:8027–36. doi: 10.2147/OTT.S258357

20. Gunter MJ, Xie X, Xue X, Kabat GC, Rohan TE, Wassertheil-Smoller S, et al.
Breast Cancer Risk in Metabolically Healthy But Overweight Postmenopausal
Women. Cancer Res (2015) 75:270–4. doi: 10.1158/0008-5472.CAN-14-2317
Frontiers in Endocrinology | www.frontiersin.org 6
21. Durward CM, Hartman TJ, Nickols-Richardson SM. All-Cause Mortality Risk
of Metabolically Healthy Obese Individuals in NHANES III. J Obes (2012)
2012:1–12. doi: 10.1155/2012/460321

22. Wildman RP, Muntner P, Reynolds K, McGinn AP, Rajpathak S, Wylie-
Rosett J, et al. The Obese Without Cardiometabolic Risk Factor Clustering
and the Normal Weight With Cardiometabolic Risk Factor Clustering:
Prevalence and Correlates of 2 Phenotypes Among the US Population
(NHANES 1999-2004). Arch Intern Med (2008) 168:1617–24. doi: 10.1001/
archinte.168.15.1617

23. Stefan N, Kantartzis K, Machann J, Schick F, Thamer C, Rittig K, et al.
Identification and Characterization of Metabolically Benign Obesity in
Humans. Arch Intern Med (2008) 168:1609–16. doi: 10.1001/archinte.
168.15.1609

24. Mørch LS, Skovlund CW, Hannaford PC, Iversen L, Fielding S, Lidegaard Ø.
Contemporary Hormonal Contraception and the Risk of Breast Cancer.
N Engl J Med (2017) 377:2228–39. doi: 10.1056/nejmoa1700732

25. Bardaweel SK, Akour AA, Al-Muhaissen S, Alsalamat HA, Ammar K. Oral
Contraceptive and Breast Cancer: Do Benefits Outweigh the Risks? A Case -
Control Study From Jordan. BMC Womens Health (2019) 19:1–7.
doi: 10.1186/s12905-019-0770-x

26. Busund M, Bugge NS, Braaten T, Waaseth M, Rylander C, Lund E. Progestin-
Only and Combined Oral Contraceptives and Receptor-Defined
Premenopausal Breast Cancer Risk: The Norwegian Women and Cancer
Study. Int J Cancer (2018) 142:2293–302. doi: 10.1002/ijc.31266

27. Samson M, Porter N, Orekoya O, Hebert JR, Adams SA, Bennett CL, et al.
Progestin and Breast Cancer Risk: A Systematic Review. Breast Cancer Res
Treat (2016) 155:3–12. doi: 10.1007/s10549-015-3663-1.Progestin

28. Chen WY, Rosner B, Hankinson SE, Colditz GA, Willett WC. Moderate
Alcohol Consumption During Adult Life, Drinking Patterns, and Breast
Cancer Risk. JAMA (2011) 306:1884–90. doi: 10.1001/jama.2011.
1590.Moderate

29. de Menezes RF, Bergmann A, Thuler LCS. Alcohol Consumption and Risk of
Cancer: A Systematic Literature Review. Asian Pacific J Cancer Prev (2013)
14:4965–72. doi: 10.7314/APJCP.2013.14.9.4965

30. Shield KD, Soerjomataram I, Rehm J. Alcohol Use and Breast Cancer: A
Critical Review. Alcohol Clin Exp Res (2016) 40:1166–81. doi: 10.1111/
acer.13071

31. DamMK, Hvidtfeldt UA, Tjønneland A, Overvad K, GrønbækM, Tolstrup JS.
Five Year Change in Alcohol Intake and Risk of Breast Cancer and Coronary
Heart Disease Among Postmenopausal Women: Prospective Cohort Study.
BMJ (2016) 353:1–10. doi: 10.1136/bmj.i2314

32. Seitz HK, Pelucchi C, Bagnardi V, La Vecchia C. Epidemiology and
Pathophysiology of Alcohol and Breast Cancer: Update 2012. Alcohol
Alcohol (2012) 47:204–12. doi: 10.1093/alcalc/ags011

33. Zhu J, Jiang X, Niu Z. Alcohol Consumption and Risk of Breast and Ovarian
Cancer: A Mendelian Randomization Study. Cancer Genet (2020) 245:35–41.
doi: 10.1016/j.cancergen.2020.06.001

34. Khalis M, Charbotel B, Chajès V, Rinaldi S, Moskal A, Biessy C, et al.
Menstrual and Reproductive Factors and Risk of Breast Cancer: A Case-
Control Study in the Fez Region, Morocco. PloS One (2018) 13:1–12.
doi: 10.1371/journal.pone.0191333

35. Hamajima N, Hirose K, Tajima K, Rohan T, Friedenreich CM, Calle EE, et al.
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. doi: 10.1016/
S1470-2045(12)70425-4

36. Suh JS, Yoo KY, Kwon OJ, Yun IJ, Han SH, Noh DY, et al. Menstrual and
Reproductive Factors Related to the Risk of Breast Cancer in Korea. J Korean
Med Sci (1996) 11:501–8. doi: 10.3346/jkms.1996.11.6.501

37. Tan MM, Ho WK, Yoon SY, Mariapun S, Hasan SN, Shin-Chi Lee D, et al. A
Case-Control Study of Breast Cancer Risk Factors in 7,663 Women in
Malaysia. PloS One (2018) 13:1–12. doi: 10.1371/journal.pone.0203469
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