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Abstract 

Introduction: With around 2.3 million cases, breast cancer became the most frequently 

diagnosed cancer in 2020 surpassing lung cancer cases and mortality. Based on histology and 

molecular characteristics, hormone receptor-positive (HR+) cancer has tumors with both 

estrogen and progesterone receptors. On the contrary, hormone receptor-negative (HR-) cancer 

has tumors not expressing estrogen or progesterone receptors. Getting pregnant before age of 

30 years reduced the probability of disease by 50% compared to women who were childless. 

Material and Methods: Data from the Norwegian Women and Cancer (NOWAC) cohort study 

from 1991 to 2018 was used. Based on the DAG diagram, our final survival model included the 

age of participants at the start of the study, their age at menarche, height, and the use of oral 

contraceptives. The Cox proportional hazards method was used to determine the effect of the 

number of children diagnosed with HR+ or HR- breast cancer. All demographic and lifestyle 

variables were compared with the number of children, breast cancer, and non-cases using the 

Chi-square test and one-way ANOVA test in the two descriptive tables. 

Results: The multivariable analysis showed that multiparous women had a 26% lower risk of 

breast cancer (HR= 0.74, 95% CI: 0.65-0.85) while women with one or two children also had 

a 12 % reduced risk of breast cancer compared to the reference group (HR= 0.88, 95% CI: 0.78-

1.01). The multivariable analysis of HR+ breast cancer showed women with multiple children 

had 34% lower risk (HR=0.66, 95% CI: 0.57-0.76) and women with one or two children had 

16% decreased risk of HR+ breast cancer (HR=0.84, 95% CI: 0.72 - 0.96) compared to 

nulliparous women. Moreover, the multivariable analysis comparing with the reference group 

showed a greater risk of HR- breast cancer by 24% among women having multiple children 

(HR=1.24, 95% CI: 0.70 - 2.17) while women with fewer children had a 25 % greater risk of 

HR- breast cancer (HR=1.25, 95% CI: 0.72 -2.19).  

Conclusion: In conclusion, having children was associated with a lower risk of breast cancer 

overall and hormone receptor-positive breast cancer diagnosis in Norwegian women. On the 

contrary, we have not observed the same association between the number of children and the 

risk of hormone receptor-negative breast cancer. 
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BMI Body Mass Index  

CI Confidence Interval 

CRN    Cancer Registry of Norway  

DAG    Directed acyclic graph  
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1. Introduction 

1.1.Breast Anatomy 

The breast is the mammary gland for women that is mainly used in lactation. It comprises of 

adipose tissues (fatty tissues) and epithelial cells that make up the lobules and ducts in the areola. 

Milk is stored in the lobules and then connected to the ducts. The nipple is an essential part of the 

breast where the ducts open (1) (Figure 1).  

 

Figure 1: Anatomy of the human breast (2) 

 

1.2.Breast Cancer Subtypes 

Breast cancer can be defined as an abnormal growth of malignant cells inside mammary epithelial 

tissues (3). According to the early definitions, breast cancer is classified into two major types in 

situ breast cancer and invasive breast cancer. In situ is the carcinoma of epithelial cells present 

inside the breast lobules and breast ducts that have not invaded other cells or organs (4). Invasive 

cancer is known to spread from the site of origin to the remaining fatty, connective tissues up to 

the lymph system and even spread to other body parts (5).  
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In the year 2000, breast cancer was classified into four subtypes luminal A, Luminal B, basal-like 

or triple-negative breast cancer (TNBC) and human epidermal growth factor receptor 2 (HER2) 

tumors. These subtypes have diverse histology and differ in their disease prognosis or clinical 

outcomes (6).  

Another way of classifying carcinomas is based on the size of the tumors. It is a powerful indicator 

of cancer prognosis because a smaller size (less than 1) tumor means a higher probability for 

patients to survive up to ten years (7). A molecular marker is any gene, protein or transcript whose 

amount can help determine the presence of cancer, its progression and the survival of patients (8). 

Hormone receptors, Ki-67 antigen and HER2 are widely used breast molecular markers. A higher 

stain of Ki-67 antigen in tumors or lymph nodes indicates lower survival rates and the need for 

intensive medical care for patients. Likewise, the high presence of  HER2 in breast tumors 

indicates an aggressive carcinoma with a higher chance of mortality as it cannot be managed 

through the use of anti-hormone therapy (8). 

 Proteins present inside the breast cells that can attach to the hormones are the hormone receptors 

(8). Since the mid-1970s, steroid hormone receptors like estrogen and progesterone receptors have 

been used in endocrine therapy and breast cancer diagnosis (9). Based on histology and molecular 

characteristics, hormone receptor-positive (HR+) cancer has tumors with both estrogen and 

progesterone receptors. On the contrary, hormone receptor-negative (HR-) cancer has tumors not 

expressing estrogen or progesterone receptors (6).  

A significant proportion of breast cancer cases fall under HR+ tumors. It has less aggressive 

clinicopathological features and a favorable course of the disease. However, HR- breast cancer has 

a more aggressive disease progression (3). Because the progesterone receptor needs estrogen and 

estrogen receptors for its synthesis, the majority of estrogen receptor-positive (ER+) breast cancers 

are also progesterone receptor-positive (PR+) cancers and the estrogen receptor-negative (ER-) 

breast cancers are also progesterone receptor-negative (PR-) cancers. Therefore, very few cancer 

cases have single hormone receptors such as ER+ or ER- or PR+ or PR- (9). 
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1.3.Clinical Aspects 

The backbone for the identification of breast tumors is mammography which examines breast 

lumps, changes in skin and nipple discharges. Although mammography has been a gold standard 

procedure in worldwide screening programs, magnetic resonance imaging has also become 

popular in diagnosing and treating cases. It is widely used when mammography becomes 

inconclusive and to understand the extent of cancer spread during diagnosis (10).    

Over the years, surgery, chemotherapy, and radiation therapy are the treatment procedure for breast 

cancer. A popular treatment option has always been mastectomy which involves cutting off the 

human breast. However, numerous tumors today are treated by partial mastectomy or lumpectomy 

which is the removal of cancer tumors from the breast (11).  

Medicines are also used to kill or shrink breast tumors. For HR+ cases, tamoxifen is given for 5-

10 years to prevent cancer recurrence. On the other hand, HR- tumors are treated using 

chemotherapy. High-energy X-rays are targeted at a particular part of the breast, chest walls or 

lymph nodes. The whole breast is subjected to radiation therapy as part of breast-conserving 

therapy (11). 

1.4.Global Epidemiology 

Breast cancer is the most common form of cancer affecting women worldwide (6). Over 1.5 

million women (25% of all women with cancer) are diagnosed with breast cancer every year 

throughout the world (12). According to Global Cancer Observatory (GLOBOCAN) 2020, breast 

cancer has a high prevalence of 7.7 million cases as shown in figure 2. With around 2.3 million 

cases, breast cancer became the most frequently diagnosed cancer in 2020 surpassing lung cancer 

cases and mortality(figure 3) (13). In the same year, there were 6.8 million deaths globally with 1 

in 6 cancer deaths among women being attributed to breast cancer as shown in figure 4 (14).  
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In developed nations, 80% of cancer patients have survived up to five years. However, in the 

developing world which has a lack of early detection, diagnosis tools and treatment plans the 

survival chances are lower. The lowest survival rates are in the African region because around 

77% of the cases are diagnosed at late cancer stages (15).  

 

 

 

Figure 2: Global prevalence of breast cancer (13)  
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Figure 3: Global incidence of breast cancer (13) 

 

 

 

Figure 4: Global mortality of breast cancer (13)   
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Comparing global breast cancer incidence data from the last 30 years shows a dramatic rise in new 

cases by 128.32%. It is prevalent mostly in developed nations while low-income countries have 

fewer incident cases (16). Similarly, the mortality rate has also increased by 83.9% from 1990 to 

2019 (16). High incidence and mortality after 1990 could be due to the establishment of national 

cancer registries that record accurate data on cancer cases within their population. Longer life 

expectancy among women has also contributed to higher incidence rates (17).  

 

Although the increase in elderly populations and population growth have been key reasons for a 

rapid rise in cancer cases, the majority of developed countries also have prevailing risk factors for 

breast cancer (14). 

 

1.5.Risk Factors 

Breast cancer risk factors are either irreversible genetic aspects that cannot be altered or they are 

acquired from an individual’s lifestyle (18). Epidemiological studies have shown that age at 

menarche, age at birth of the first child, number of children and breastfeeding are linked with the 

risk of HR+ breast cancers. On the other hand, well-defined risk factors for HR- tumors are still 

not clear. The known risk factors are mainly related to female sex hormones (19). 

 

Gender plays a crucial role in breast cancer as women have a 100 times higher risk of getting 

diagnosed compared to men (19). Another aspect is the age of women as cancer is diagnosed after 

the age of 50 years or older. As about 10 % of cancer cases are related to the family, women have 

a higher chance of getting breast cancer if their first-degree relatives like their mother or sister 

have breast cancer (18). Various literatures have shown a linear dose-response relationship 

between women’s height and breast cancer. Taller women have a higher probability of breast 

cancer as a 10-centimeter increase in height raises the cancer risk by 17 percent (20).  
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Age at menarche and menopause have influenced cancer incidence since menstruation is linked 

with exposure to estrogen and progesterone hormone. Menarche at an early age before 12 years or 

menopause later than 55 years will lead to additional menstrual cycles and extended exposure to 

both sex hormones throughout their lives. Because birth control pills or oral contraceptives are 

made up of female sex hormones, it can increase the probability of getting cancer (18). 

The use of hormone replacement therapy (HRT) in postmenopausal women is associated with the 

increased incidence of breast cancer cases in cohort studies like the Million Women Study and the 

Norwegian Women and Cancer (NOWAC) study (21). For elderly women who have menopause, 

the fat tissues in their bodies are their source of estrogen. In obese women, additional fat tissues 

lead to an increase in estrogen levels and cause breast cancer (18).   

Alcohol use is another risk factor with risk correlating to the amount consumed. Based on the level 

of alcohol consumption, women having more than three drinks daily have a greater chance of 

disease (18). Studies that link smoking with breast cancer have shown a higher cancer prevalence 

among smokers compared to non-smokers (22). However, smoking is not established as a risk 

factor for breast cancer according to the World Cancer Research Fund (23).  

On the contrary, physical activity, breastfeeding and giving birth to multiple children can reduce 

risk (12). Women who breastfeed do not get their monthly periods for several months after their 

childbirth meaning breastfeeding reduces the exposure to sex hormones during menstrual cycles. 

Thus, studies conclude that the risk of getting breast cancer is minimized among women who 

breastfeed their child for one and a half or two years.  Evidence from numerous meta-analyses has 

stated that regular physical activity reduces the risk of cancer. A possible explanation for this could 

be the correlation between body weight and physical activity (18).  
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1.6.Number of children reduces breast cancer risk 

A crucial factor that can lower the risk of breast cancer in women is childbirth. Even though there 

are some arguments, breastfeeding has been linked with decreased risk as it correlates with giving 

birth. Understanding breast tissues, undifferentiated breast tissues have a higher chance of 

becoming malignant or cancerous compared to differentiated breast tissues. Women who have 

children have an increased proportion of differentiated lobular tissues than women without 

children (24). 

The estrogen hypothesis estimates that women who are subjected to a higher amount of estrogen 

hormones over their lifetime have a higher probability of developing cancer in their breasts. 

However, this carcinomic effect does not affect women who have children as hormonal changes 

during pregnancy and the lactation period pause the exposure to estrogen (24). Moreover, 

breastfeeding is said to activate the process of cell differentiation and maturation of breast tissues. 

Therefore, parous women have a reduced risk of developing cancer in breast tissues (24).  

Metabolism and gene expression profiles of carcinomas are directly influenced by hormones 

produced during pregnancy. Because these changes can greatly determine the risk of developing 

cancer, having more children can protect mothers from developing breast cancer. Getting pregnant 

before age of 30 years reduced the probability of disease by 50% compared to women who were 

childless (25).  

 

1.7.Breast cancer in Norway  

The Cancer Registry of Norway (CRN) established in 1952 is estimated to be 98% complete in 

recording information on cancer cases within the country. Similar to global data, breast cancer was 

the most common cancer affecting Norwegian women with 3726 new cases in 2019. Breast cancer 

incidence trends over the last 30 years show that the cases have doubled from 1990 to 2019 due to 

a dramatic increase in incidence from the mid-1990s up to 2005 (26). 
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This rising incidence was due to the implementation of the Norwegian Breast cancer screening 

Program which included a mammography test for women from age of 50 to 70 years. Norwegians 

are at a higher risk of getting breast cancer with the assumption that one in eleven women will be 

diagnosed before they reach old age. A significant proportion of cases have survived for five years 

or more due to advanced medical care and treatment plans (26). 

 

1.8.Number of children in Norway 

The fertility rate in Norway is higher compared to other European countries. A strong economy 

and benefits provided by State for childcare can be the major factors for the fertility rate to remain 

above 1.6 births. The increased use of contraceptives, marriage at a later age and pursuit of higher 

education have contributed to a decrease in fertility from the mid-1960s. Despite this, the majority 

of Norwegian women in the 1900s have given birth to an average of 2 children (27). 

 

1.9. Directed acyclic graphs (DAGs) 

A crucial part of epidemiological studies must be to identify confounders that can influence the 

effect of exposure on the outcome. A greater proportion of error can be omitted by the correct 

selection of confounding variables. DAGs are a commonly used medium that uses visual 

representation diagrams to convey information about the variables in any study. As the name 

suggests, the causal associations between variables are visually presented through directed arrows 

from cause to effect (28).  

Since causality implies the cause must precede the effect, these graphs are acyclic. The exposure 

(E) and outcome (O) are the main variables in the diagram and the effect of exposure on outcome 

in a directed path is shown by the arrow. A confounder (C) is the variable linked to both exposure 

and outcome by a backward path. (E       C        O) (28).   
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Moreover, the variable that is in the causal pathway between the exposure and the outcome is a 

mediator(M). It is presented by an arrow from the exposure to the mediator and then the causal 

path leads to the outcome (E      M    O). DAG provides a visual representation of the research 

topic to increase understanding among researchers and readers on which covariates control in the 

analysis to reduce bias (28).  

1.10. The rationale for the study 

Among the existing literature on the topic of breast cancer and parity, a substantial number of 

papers have been case-control studies with small sample sizes. The small sample size for subtypes 

of breast cancer cases reduces the power of the study and provides inconsistent conclusions. There 

have only been a handful of longitudinal studies which have assessed this topic, but they have 

shown inconsistent results  (29, 30) (31-33). 

Another aspect to consider is that several publications use diverse definitions for the molecular 

subtypes of breast cancer like as luminal A, luminal B and TNBC subtypes instead of hormone 

receptor-positive and hormone receptor-negative cancers (31). Research conducted in Norwegian 

populations have jointly assessed the risk of reproductive and lifestyle factors with molecular 

breast cancer subtypes (34). However, there is a lack of cohort studies in Norway that focus 

specifically on the protective effect of parity in HR+ versus HR- breast cancers. 

 

1.11. Research question 

 

What is the effect of the number of children on the risk of hormone receptor-positive breast cancer 

compared to hormone receptor-negative breast cancer? 
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2. Material and Methods 

 

2.1. Study Design and Study Population 

A prospective cohort study design was used to conduct this master thesis. The Norwegian Women 

and Cancer (NOWAC) cohort study that began in 1991 is a nationwide population-based cohort 

study. Around 320,000 women from age of 30 to 70 years were randomly sampled from the 

Norwegian Central Person Register. The unique national identity number was used to identify and 

link the participants with the CRN along with the Causes of death registry. This cohort is a 

representation of Norwegian women who were born between the years 1927 to 1965. The baseline 

questionnaire in the NOWAC study includes questions on women’s reproductive history along 

with their dietary habits, lifestyle, medications, anthropometry, and self-reported diseases. The 

response rate for this cohort was 57 percent (35).  

Figure 5 shows that the NOWAC study had information on 172,472 women that have been 

recruited from 1991 up to 2007. For this master thesis, we used the information from the dataset 

with a follow-up of twenty-seven years from 1991 to 2018.  
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Figure 5: Timeline for NOWAC study follow-up 

In the x-axis, we have years of follow up which began from 1991 up to 2018. The y-axis shows the number of women recruited in the 

cohort. The red boxes in the figure represent women who have answered the baseline questionnaire with green, yellow, and orange 

boxes showing women who have been followed up in the upcoming years.
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2.2.Ethical Consideration 

NOWAC study had received approval from both The Regional Committee for Medical Research 

Ethics and the Norwegian Data Inspectorate. Participants within the cohort provided their written 

informed consent to record their information. The researchers did not have access to the personal 

identity number of participants as the dataset provided to them was anonymous. Statistics Norway 

had a special key that allowed researchers to connect participants from this NOWAC cohort to the 

CRN and Registry of Death in Norway(35).  

 

2.3.Questionnaire data 

Among the questions on reproductive history, women were asked about their number of 

pregnancies. The total number of children they have was self-reported by the participants at the 

beginning of the cohort study. This continuous variable was then made into a categorical variable 

for analysis. The three categories were women having “0 children”, “1-2 children” and “3 or more 

children”.  

Education was classified into four categories based on the self-reported duration of education as 

follows “0-9 years of education”, “10-12 years of education”, “13-16 years of education” and 

“more than 17 years of education”. Age, weight, height, and duration of breastfeeding were self-

reported by the participants and analyzed as continuous variables. 

The self-reported height and weight of the participants were used to calculate their Body Mass 

Index (BMI). BMI variable was then coded into four categories based on the World Health 

Organization (WHO) definition of BMI. Participants having BMI less than 18.5 were classified as 

“underweight”, a BMI of 18.5 to 25 was “normal weight”, a BMI of 25 to 30 was “overweight” 

and d BMI of more than 30 was “obese”.  
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Among lifestyle variables, smoking at the baseline questionnaire was categorized into “never 

smokers”, “former smokers”, and “current smokers”. The questions on alcohol consumption 

focused on whether women drink alcohol or not. Physical activity in the questionnaire was 

measured on a 10-point scale starting at 1 which is a very low value while 10 is a very high value 

of physical activity. This variable was further grouped into three levels which are “low physical 

activity” (1-4 value on the scale), “medium physical activity” (5-7 value) and “high physical 

activity” (8-10 value).  

Among reproductive variables, age at menarche and age at menopause were analyzed as 

continuous variables. Regarding the family history of breast cancer, the prevalence of breast cancer 

in their mother and the prevalence of breast cancer in their sister were included as “yes” or “no”. 

The use of oral contraceptives was divided into two categories those who “ever use” or “never 

use”. The study focused on the “ever use” or “never use” of HRT by participants. 

2.4.Registry data 

The two main outcome variables in this study were HR+ breast cancer cases and HR- breast cancer 

cases. Breast cancer cases were classified as C50 in the NOWAC study dataset based on the 

International Classification of Disease 10 (ICD-10). The breast cancer cases were identified by 

linking women from the NOWAC cohort to the CRN through their unique identity numbers.  

 ER+ cases were defined as those with a tumor where >=1% of cells expressed the receptor. ER- 

cases were those with less than 1% of examined tumor cells expressing the receptor. PR+ cases 

were defined as those with a tumor where >=10% of cells expressed the progesterone receptor. 

Conversely, PR- cases had less than 10% of examined cells that expressed the receptor. HR+ breast 

cancer cases were those which were positive in both estrogen and progesterone receptors, or they 

were either ER+ or PR+. On the other hand, HR- breast cancer cases were those which had negative 

in both receptors (ER- and PR-).  
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2.5.Causal diagram and selection of covariates 

To map out the potential causal relationship between the exposure, outcome and the third variables, 

we used a DAG. In figure 6, the exposure was the number of children, and the two outcomes (HR+ 

breast cancer and HR- breast cancer) were jointly placed as breast cancer along with the other 

variables in the study. Based on the review of previous literature, height, age, use of oral 

contraceptives, and age at menarche were confounders in this study as they were related to both 

the exposure and the outcome. In addition, they were not on the causal pathway between the 

number of children and breast cancer (36-39). Breastfeeding and weight were identified as 

mediators based on previous studies (40, 41).  

Although the age at menopause, family history and use of HRT were risk factors for breast cancer, 

previous papers showed they were not associated with the exposure number of children (36, 42, 

43). A review of existing literatures showed that smoking, drinking and being physically inactive 

before pregnancy was associated with the number of children (44, 45). However, in this study, we 

did not know if the participants started smoking, and drinking and were physically inactive from 

their teenage years or if these habits started after childbirth.  

Based on the DAG diagram, our final survival model included the age of participants at the start 

of the study, their age at menarche, height, and the use of oral contraceptives.  
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= Exposure 

 
= Outcome 

 

= Adjusted ancestor of exposure and outcome (confounders) 

 
= Ancestor of outcome 

 = Causal pathways 

 

Figure 6: DAG showing a causal relationship between variables 
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2.6.Study sample 

A total of 172,472 women who had completed the first baseline questionnaire were eligible for the 

study. Among these participants, 6696 women with a prevalent cancer diagnosis were excluded 

from this study. Moreover, 96,145 women having menstrual cycles were not eligible for this study.  

Among the remaining 69,631 women, those who had missing values in height (n=1068), age, use 

of oral contraceptives (n=3625) and age at menarche (n=909) were excluded from the study to 

perform a complete case analysis. Figure 7 summarized the above information and showed that 

the study included a sample size of 64029 women. 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Flowchart of selection of study participants 

 

172472 women participated in the cohort 

Exclusion criteria 

• Women who had prevalent cancer cases 

(n=6696) 

• Premenopausal women (n=96145) 

• Missing data on age, height, age at menarche 

and use of oral contraceptives (n=5602) 

64029 women were eligible for the study 
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2.7.Statistical Methods 

All demographic and lifestyle variables were compared with the number of children using the Chi-

square test and one-way ANOVA test in the first descriptive table (Table 1). The second 

descriptive table (Table 2) included the difference in baseline characteristics between breast cancer 

subtypes (HR+ and HR- cases) and those without breast cancer using the same statistical tests. Cox 

proportional hazards method was used to determine the effect of the number of children being 

diagnosed with HR+ or HR- breast cancer.  

Log(-log) survival curves were used to assess the proportional hazard assumptions among breast 

cancer subtypes. For the timescale in the regression model, the age of participants was used. The 

follow-up time started from the time these participants answered the first questionnaire. 

Participants were followed until they were either diagnosed with any type of cancer, they died, 

migrated outside Norway or until the study ended on 31 December 2018.  

In the survival model, there were three events of interest namely breast cancer, HR+ breast cancer, 

and HR- breast cancer. The variable breast cancer was the combination of women diagnosed with 

HR- cancer, HR+ cancer and other subtypes of breast cancer. The survival model for HR+ cases 

had an additional censoring of HR- cases with other subtypes of breast cancer. Similarly, the 

survival model for HR- cases censored HR+ cases alongside the other subtypes of breast cancer.  

Hazard ratios (HR) with confidence intervals (CI) were used to approximate the relative risk. P-

values below 0.05 were considered statistically significant. The age-adjusted part of the table was 

the univariable regression analysis. In the multivariable analysis, all four covariates were included 

in the survival model. Women having no children was the reference category among the three 

categories of exposure variable (number of children). A statistical analysis software named 

Statistical Package for the Social Sciences (SPSS) version 28 was used in the analysis of statistical 

data for this study.  
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3. Results 

3.1.Descriptive characteristics among the number of children  

Table 1 shows the difference in baseline characteristics between the different categories of the 

number of children. In the sample of 64,029 women, many had given birth to one or two children 

whereas only a few were nullipara. The mean age at menarche and menopause were similar among 

all categories of the number of children. Women who had more children had a lower level of 

education whereas a significant proportion of women without children had completed seventeen 

years of education.  

While most of the participants with one or two children were former smokers, the majority of 

participants in the other two groups had never smoked before. Moreover, many women did not 

have a family history of breast cancer or use oral contraceptives or HRT. While comparing women 

with different number of children, differences in all the demographic characteristics were 

statistically significant. However, the actual difference between groups is small and with limited 

biological significance. 

Table 1. Difference in demographic characteristics in relation to the number of children 

in the Norwegian Women and Cancer Study 

   No Children 1-2 Children 3 or more 

children 

P-Values 

Total women (%)  5658 (8.8) 31930 (49.9) 26441 (41.3)  

Age* 56.4 (5.8) 56.1 (5.5) 57.3 (5.7) <0.001 

Height * 166.1 (6.3) 166 (5.7) 165.5 (5.6) <0.001 

Weight * 68.8 (13.2) 68.5 (11.7) 69.6 (11.9) <0.001 

Age at menarche* 13.3 (1.5) 13.4 (1.4) 13.4 (1.4) <0.001 
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Age at menopause* 48.1 (5.6) 49 (4.8) 49.2 (4.5) <0.001 

Duration of breastfeeding* 0 7.8 (6.5) 16.9 (13.5) 0.000 

BMI**     

Underweight 140 (2.5) 478 (1.5) 331 (1.3)  

<0.001 Normal  3160 (56.7) 18183 (57.7) 13318 (51.1) 

Overweight  1557 (28) 9747 (30.9) 9209 (35.3) 

Obese  712 (12.8) 3111 (9.9) 3214 (12.3) 

Education**     

0-9 years  1074 (20.5) 6880 (23) 9263 (38)  

0.000 10-12 years  1489 (28.4) 10681 (35.7) 7595 (31.1) 

13-16 years  1443 (27.5) 7932 (26.5) 5101 (20.9) 

More than 17 years  1242 (23.7) 4390 (14.7) 2441 (10) 

Use of oral contraceptives**     

Ever  2141 (37.8) 15850 (49.6) 10850 (41) <0.001 

Never  3517 (62.2) 16080 (50.4) 15591 (59) 

Use of HRT**     

Ever  2610 (47.8) 15237 (49) 10639 (41.4) <0.001 

Never  2854 (52.2) 15877 (51) 15030 (58.6) 
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Smoking**     

Never  2284 (40.7) 10491 (33.1) 10487 (40) <0.001 

Former  1925 (34.3) 12443 (39.2) 8680 (33.1) 

Current  1399 (24.9) 8773 (27.7) 7039 (26.9) 

Alcohol Consumption**     

Yes  766 (14.6) 2338 (7.8) 3807 (15.6) <0.001 

No  4543 (85.4) 27647 (92.2) 20525 (84.4) 

Physical Activity**     

Low  1406 (27.1) 7400 (24.9) 5980 (25.3) 0.022 

 

 

Medium  2896 (55.9) 17114 (57.7) 13555 (57.3) 

High 880 (17) 5170 (17.4) 4124 (17.4) 

Breast cancer in mother**     

Yes  376 (7.3) 1938 (6.5) 1460 (6.1) 0.002 

No 4775 (92.7) 27673 (93.5) 22568 (93.9) 

Breast cancer in sister**     

 Yes  230 (5.7) 1108 (4.6) 1034 (5) 0.003 

No  3795 (94.3) 23062 (95.4) 19547 (95) 
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Hormone receptor status**     

HR+ breast cancer 230 (94.3) 1123 (91.4) 783 (89.6) <0.001 

HR- breast cancer 14 (5.7) 105 (8.6) 91 (10.4) 

  

       * Mean values in each children category with standard deviation in the brackets 

       ** Number of participants in each children category with proportions in the brackets 

 

3.2.Descriptive characteristics among HR+ cases, HR-cases, and non-cases  

Table 2 shows the difference in baseline characteristics between breast cancer subtypes (HR+ and 

HR- cases) and those without breast cancer. Mean height and weight were higher among women 

who had been diagnosed with breast cancer. However, there was no difference in age at menarche 

and menopause among breast cancer cases and non-cases.  

More of the HR- cancer cases had used oral contraceptives compared to the women in the other 

two groups. The use of HRT was higher in both HR+ and HR- breast cancers compared to non-

cases. The differences between height, weight, education, number of children, use of HRT, 

physical activity, and family history of breast cancer were statistically significant. 
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Table 2. Difference in demographic characteristics between breast cancer cases (HR+ and 

HR- cases) and non-cases in the Norwegian Women and Cancer Study 

 Non-Cases HR+ Cases HR- Cases P-Values 

Number of women (%) 61683 (96.3%) 2136 (3.3%) 210 (0.3%)  

Age*  56.6 (5.6) 56.5 (5.3) 55.8 (5.3) 0.059 

Height* 165.8 (5.7) 166.5(5.6) 166.3 (5.7) <0.001 

Weight* 69 (11.9) 70.2 (11.7) 70.3 (11.3) <0.001 

Age at menarche* 13.4 (1.4) 13.3 (1.4) 13.2 (1.4) 0.053 

Age at menopause* 49 (4.8) 49.2 (4.7) 49.1 (4.6) 0.272 

Duration of breastfeeding* 12.8 (11.9) 12.2 (11) 12.1 (10) 0.329 

     

BMI**     

Underweight 917 (1.5) 31 (1.5) 1 (0.5) 0.225 

Normal 33446 (55) 1106 (52.5) 109 (52.2) 

Overweight 19723 (32.4) 714 (34) 76 (36.4) 

Obese 6759 (11.1) 255 (12.1) 23 (11) 
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Education**     

0-9      years 16677 (29.1) 501 (25.4) 39 (20.2) <0.001 

10-12 years 19022 (33.2) 664 (33.6) 79 (40.9) 

13-16 years 13896 (24.2) 533 (27) 47 (24.4) 

Above 17 years 7767 (13.5) 278 (14.1) 28 (14.5) 

Number of children**     

0 children 5414 (8.8) 230 (10.8) 14 (6.7) <0.001 

1-2 Children 30702 (49.8) 1123 (52.6) 105 (50) 

3 or more children 25567 (41.4) 783 (36.7) 91 (43.3) 

Use of oral contraceptives**     

Ever 27741 (45) 994 (46.5) 106 (50.5) 0.103 

Never 33942 (55) 1142 (53.5) 104 (49.5) 

Use of HRT**     

Ever 27263 (45.5) 1117 (53.9) 106 (52.7) <0.001 

Never 32710 (54.5) 956 (46.1) 95 (47.3) 

 

 

 

    



 

25 

 

Smoking**     

Never 22462 (36.7) 726 (34.2) 74 (35.4) 0.092 

Former 22144 (36.2) 822 (38.8) 82 (39.2) 

Current 16585 (27.1) 573 (27) 53 (25.4) 

Alcohol consumption**     

Yes 6699 (11.7) 201 (10.2) 21 (10.3) 0.104 

No 50755 (88.3) 1778 (89.8) 182 (89.7) 

Physical activity**     

Low 14204 (25.2) 527 (26.8) 55 (28.1) 0.001 

Medium  32316 (57.3) 1122 (57) 127 (64.8) 

High  9842 (17.5) 318 (16.2) 14 (7.1) 

Breast cancer in mother**     

Yes 3556 (6.3) 200 (10.4) 18 (9.4) <0.001 

No 53115 (93.7) 1728 (89.6) 173 (90.6) 

Breast cancer in sister**     

Yes 2250 (4.8) 109 (6.9) 13 (8.5) <0.001 

No 44798 (95.2) 1466 (93.1) 140 (91.5) 
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* Mean values in breast cancer cases and non-cases with standard deviation in the brackets 

** Number of participants in breast cancer cases and non-cases with proportions in the brackets 

 

 

3.3.Results of survival analysis  

Table 3 shows the results from the univariable and multivariable Cox regression between breast 

cancer cases, HR+ and HR- breast cancer cases. The assumptions of proportional hazards were 

fulfilled for all models. 

 In the univariable analysis, women who had 3 or more children had a 26% decreased risk of breast 

cancer compared to women without children (HR= 0.74, 95% CI: 0.65-0.85). This association 

between the number of children and breast cancer was statistically significant at the 5% level. Even 

though women with 1 or 2 children also had an 11% reduced risk of breast cancer (HR= 0.89,   

95% CI: 0.78-1.01) compared to nulliparous women, the association was not statistically 

significant.  

The multivariable analysis showed that multiparous women had a 26% lower risk of breast cancer 

compared to the reference group. (HR= 0.74, 95% CI: 0.65-0.85). Moreover, women with one or 

two children also had a 12 % reduced risk of breast cancer which was not statistically significant 

at the 5% level (HR= 0.88, 95% CI: 0.78-1.01).  

Likewise, the univariable model for HR+ breast cancer showed that multiparous women had a 

34% lower risk of HR+ cancer compared to childless women (HR= 0.66, 95% CI: 0.57- 0.77). 

Moreover, women with 1 or 2 children had a 16% lower risk of HR+ breast cancer (HR= 0.84, 

95% CI: 0.73 - 0.97) in comparison to the reference group.  
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 The multivariable analysis of HR+ breast cancer showed similar results to the univariable analysis. 

Compared to nullipara women, women with multiple children had 34% lower risk (HR=0.66, 95% 

CI: 0.57-0.76) and women with one or two children had 16% decreased risk of HR+ breast cancer 

(HR=0.84, 95% CI: 0.72 - 0.96). Both the univariable and multivariable associations for HR+ 

breast cancer cases were statistically significant at a 5% level.    

On the contrary, the univariable model for HR- breast cancer cases showed a 24% increased risk 

of HR- cases in women with multiple children compared to nulliparous women (HR=1.24, 95% 

CI: 0.71-2.19). Compared to the reference group, women with 1 or 2 children had a 28% higher 

risk of HR- tumors (HR=1.28, 95% CI: 0.74 - 2.24).  

Moreover, the multivariable analysis comparing with the reference group showed a greater risk of 

HR- breast cancer by 24% among women having multiple children (HR=1.24, 95% CI: 0.70 - 

2.17). Women with fewer children had a 25 % greater risk of HR- breast cancer compared to 

nullipara women (HR=1.25, 95% CI: 0.72 -2.19). The results of the univariable and multivariable 

analysis for HR- cases were not statistically significant at the 5% level. 
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Table 3. Hazard ratios with 95% confidence intervals for breast cancer cases, HR+ cases and HR- cases according to the number 

of children in the Norwegian Women and Cancer Study (1991-2018) 

 Breast cancer HR+ breast cancer HR- breast cancer 

Number of 

children 

Age-adjusted HR1 

(95% CI) 

Multivariable HR2 

(95% CI) 

Age-adjusted HR1 

(95% CI) 

Multivariable HR2 

(95% CI) 

Age-adjusted HR1 

(95% CI) 

Multivariable HR2 

(95% CI) 

No child3 1 1 1 1 1 1 

1-2 Children 0.89 (0.78-1.01) 0.88 (0.78-1.01) 0.84 (0.73-0.97) 0.84 (0.72-0.96) 1.28 (0.74-2.24) 1.25 (0.72-2.19) 

3 or more 

children 

0.74 (0.65-0.85) 0.74 (0.65-0.85) 0.66 (0.57-0.77) 0.66 (0.57-0.76) 1.24 (0.71-2.19) 1.24 (0.70-2.17) 

 

1 Univariable analysis 

2 Multivariable analysis including age, height, age at menarche and use of oral contraceptive 

3 Reference category
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4. Discussion 

 

4.1. Main results 

The main aim of this study was to determine the effect of the number of children on the risk of 

HR+ breast cancer compared to HR- breast cancer using a prospective study design. This study 

showed a protective effect of the number of children on the risk of hormone receptor-positive 

and overall breast cancer. On the contrary, there was no similar protective effect of parity on 

hormone receptor-negative breast cancer risk. Rather, the results suggest that the risk of HR- 

breast cancer might be increased with the increasing number of children.  

 

4.2.Comparison with previous studies 

 

Looking at the literature on parity and breast cancer diagnosis, studies have shown consistent 

results with our findings. Steponavičienė, et.al (2020) found a decrease in the risk of breast 

cancer among parous Lithuanian women and the risk seems to be lower with the increase in the 

number of children (46). Jeong, S. H. et.al (2017) concluded that postmenopausal Korean 

women who gave birth to two or more children have a reduced risk of breast cancer and the 

risk decreases with the number of births (24).  

 

A review paper by Anderson et al. involving twenty-two case-control and cohort studies on 

parity and HR+ and HR- breast cancer has shown similar results as our study. The authors stated 

that even though having children has a significant inverse association with HR+ cancer cases, 

many studies included in this review paper show no association with HR- tumors (47).   

 

Likewise, the pooled analysis done by M. M. Gaudet et al. has consistent results with this thesis. 

The study pooled data from nine cohort studies concluded that the protective significant effect 

of parity is only in HR+ breast cancer while parity increases the risk of HR- breast cancer by 

23% (48).  
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L. Bernstein et al. did a meta-analysis on the same topic including individual studies from 1995 

to 2005 which is consistent with our findings. Based on this study, there is an inverse 

association between the number of children and ER+PR+ breast tumors whereas there is no 

effect of parity on ER-PR- tumors (49). 

 

Another recently conducted meta-analysis by C. Li et al. involved studies between 2007 to 

2021. In this meta-analysis, the researchers define TNBC as negative in estrogen, progesterone 

and HER2 receptors while luminal A cancers are positive in all three receptors. Since their 

definition of luminal A and TNBC are similar to the definitions of HR- and HR+ breast cancer 

in this master thesis, we have compared this study with our findings. The study shows the 

protective effect of parity is limited to only luminal A breast cancer. The combined effect 

estimate shows no association between parity and TNBC (50).  

 

A study done in The European Prospective Investigation into Cancer and Nutrition (EPIC) 

cohort on postmenopausal women showed somewhat different results in both univariable and 

multivariable hazard ratios. The study found that having multiple children has a protective 

effect on both subtypes of breast cancer (19). This difference from our study could be because 

we had a small number of HR- cases. Also in the EPIC cohort, the univariable model was 

adjusted for both age and center and the multivariable model was adjusted for many lifestyle 

and reproductive risk factors.  

We have compared our findings with the African American Breast Cancer Epidemiology and 

Risk (AMBER) Consortium study as previous literatures showed inconsistent results in terms 

of HR- tumors. This cohort of African American women is the largest study to date on this topic 

and has a large sample of HR- breast cancer cases. Since African women are at higher risk of 

HR- tumors, this study provides strong evidence of the association between parity and HR- 

breast cancer. The authors concluded that parity is significantly associated with a thirty-three 

percent increase in the risk of TNBC/HR- breast cancer (51).  
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As multiple previous studies have shown that having children reduces the risk of HR+ breast 

cancer, we now focus on the possible reasons behind it. The estrogen and progesterone 

hormones play a crucial role as the hormonal changes influence the risk of cancer. The number 

of hormone receptors and exposure to both estrogen and progesterone can affect the breast. 

Previous papers have estimated that pregnancy can reduce the level of both female sex 

hormones in the blood plasma (49).  

Having multiple births also increases globulin levels which help to limit exposure to both 

hormones. As mentioned in the introduction part, having children also changes the breast tissues 

which reduces the influence of both estrogen and progesterone hormones. Another reason could 

be that only estrogen receptor-positive carcinoma has a diverse expression in immune and 

inflammatory pathways which is called parity-related gene signature (49).  

 

4.3.Strengths of the study 

 

The main strength of this thesis was the use of a prospective cohort study design to answer the 

research question. Among the epidemiological studies, cohort study helps to determine the 

incidence rates as it involves follow-up of participants. Moreover, this study design can be used 

to make causal inferences as the exposure was measured before the occurrence of the outcome 

(52). The NOWAC study’s participants represent women in Norway who have been followed 

for a long period of twenty-seven years. Since cancer is one of the diseases that take years to 

develop, this long follow-up helped to determine the correct risk estimation (53).  

Even though the number of children was self-reported by participants, the external validity of 

NOWAC showed no difference in parity between the participants within this cohort and non-

participants(54). The outcome data for breast cancer cases were drawn from CRN. This registry 

had a 98.8% data completeness and has been recording data on cancer patients from laboratories 

and hospitals since 1952 (55).  
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In the final regression model, many studies do not give any reason for selecting some variables 

as confounders, making it difficult to interpret the associations (56). One of the major strengths 

of this study was the use of DAG in the selection of covariates with strong reasoning on how 

each variable was related to the exposure and the outcome. 

 

4.4.Weakness of the study 

 

The main drawback of this study was a small number of HR- breast cancer cases compared to 

HR+ cancer cases which can be explained by the following reasons. Only a small proportion of 

breast cancer cases are of the HR- cancer subtype, among the total breast cancer cases diagnosed 

worldwide (50). Previous research has also shown higher rates of HR+ breast cancer in 

European women whereas African women are frequently diagnosed with HR- breast cancer 

(51, 57). Moreover, the breast cancer trends in the western world from the 1990s up until 2015 

showed a lower incidence of HR- tumors (58, 59). The analysis limited to only postmenopausal 

women also reduced the number of HR- cases among the total breast cancer cases diagnosed in 

Norway. 

 As this master thesis focused on complete case analysis, we removed all missing values in the 

covariates. Multiple imputations could have been used to address the missing values, but this 

would be beyond the scope of a master’s thesis. All the lifestyle and reproductive variables in 

the NOWAC cohort were self-reported which could lead to information bias. However, the 

information was collected before the occurrence of cancer, so the misclassification was most 

likely to have been non-differential. As the consequence, the observed relative risk estimates 

were likely to be somewhat attenuated.  

Although this study included many variables which are risk factors for breast cancer, data on 

maternal age at birth of the first child was not used in the thesis. A combined variable of both 

the number of children and the mother’s age at first birth could be used as the exposure to 

estimate the risk of breast cancer subtypes but it would make this master thesis lengthy and 

broad. However, another study can be suggested for further analysis on this topic.  
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Furthermore, within the multivariable survival analysis, the lifestyle variables such as their 

weight, smoking habits, physical activity, and alcohol consumption were not adjusted for. 

Information on the number of children they have, and all questionnaire variables was collected 

at the same time using a questionnaire. There was no available information about the 

participant’s lifestyle activities in their teen years which made it difficult to determine if started 

smoking or drinking and were physically inactive or overweight before or after their pregnancy. 

Since we assumed these variables were more likely to be mediators, they were not adjusted for 

in the survival model.  
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5. Conclusion 

In conclusion, having children was associated with a lower risk of breast cancer overall and 

hormone receptor-positive breast cancer diagnosis in Norwegian women. On the contrary, we 

have not observed the same association between the number of children and the risk of hormone 

receptor-negative breast cancer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

35 

 

6. References 

 

1. Ellis H, Mahadevan V. Anatomy and physiology of the breast. Surgery (Oxford). 

2013;31(1):11-4. 

2. Board PATE. Breast Cancer Treatment (Adult)(PDQ®).  PDQ Cancer Information 

Summaries [Internet]: National Cancer Institute (US); 2022. 

3. Lukong KE. Understanding breast cancer–The long and winding road. BBA clinical. 

2017;7:64-77. 

4. Ward EM, DeSantis CE, Lin CC, Kramer JL, Jemal A, Kohler B, et al. Cancer statistics: 

breast cancer in situ. CA: a cancer journal for clinicians. 2015;65(6):481-95. 

5. Sharma GN, Dave R, Sanadya J, Sharma P, Sharma K. Various types and management 

of breast cancer: an overview. Journal of advanced pharmaceutical technology & research. 

2010;1(2):109. 

6. Harbeck N, Penault-Llorca F, Cortes J, Gnant M, Houssami N, Poortmans P, et al. 

Breast cancer. Nature Reviews Disease Primers. 2019. 

7. Rakha EA, Ellis IO. Modern classification of breast cancer: should we stick with 

morphology or convert to molecular profile characteristics. Advances in anatomic pathology. 

2011;18(4):255-67. 

8. Banin Hirata BK, Oda JMM, Losi Guembarovski R, Ariza CB, Oliveira CECd, 

Watanabe MAE. Molecular markers for breast cancer: prediction on tumor behavior. Disease 

markers. 2014;2014. 

9. Li Y, Yang D, Yin X, Zhang X, Huang J, Wu Y, et al. Clinicopathological 

characteristics and breast cancer–specific survival of patients with single hormone receptor–

positive breast cancer. JAMA network open. 2020;3(1):e1918160-e. 

10. Shah R, Rosso K, Nathanson SD. Pathogenesis, prevention, diagnosis and treatment of 

breast cancer. World journal of clinical oncology. 2014;5(3):283. 

11. Waks AG, Winer EP. Breast cancer treatment: a review. Jama. 2019;321(3):288-300. 

12. Sun Y-S, Zhao Z, Yang Z-N, Xu F, Lu H-J, Zhu Z-Y, et al. Risk factors and preventions 

of breast cancer. International journal of biological sciences. 2017;13(11):1387. 

13. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global 

cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 

cancers in 185 countries. CA: a cancer journal for clinicians. 2021;71(3):209-49. 



 

36 

 

14. Lei S, Zheng R, Zhang S, Wang S, Chen R, Sun K, et al. Global patterns of breast cancer 

incidence and mortality: A population‐based cancer registry data analysis from 2000 to 2020. 

Cancer Communications. 2021;41(11):1183-94. 

15. Wilkinson L, Gathani T. Understanding breast cancer as a global health concern. The 

British Journal of Radiology. 2022;95(1130):20211033. 

16. Xu S, Liu Y, Zhang T, Zheng J, Lin W, Cai J, et al. The Global, Regional, and National 

Burden and Trends of Breast Cancer From 1990 to 2019: Results From the Global Burden of 

Disease Study 2019. Frontiers in oncology. 2021;11:1789. 

17. Lima SM, Kehm RD, Terry MB. Global breast cancer incidence and mortality trends 

by region, age-groups, and fertility patterns. EClinicalMedicine. 2021;38:100985. 

18. Feng Y, Spezia M, Huang S, Yuan C, Zeng Z, Zhang L, et al. Breast cancer development 

and progression: Risk factors, cancer stem cells, signaling pathways, genomics, and molecular 

pathogenesis. Genes & diseases. 2018;5(2):77-106. 

19. Ritte R, Tikk K, Lukanova A, Tjønneland A, Olsen A, Overvad K, et al. Reproductive 

factors and risk of hormone receptor positive and negative breast cancer: a cohort study. BMC 

cancer. 2013;13(1):1-12. 

20. Zhang B, Shu X-O, Delahanty RJ, Zeng C, Michailidou K, Bolla MK, et al. Height and 

breast cancer risk: evidence from prospective studies and Mendelian randomization. Journal of 

the National Cancer Institute. 2015;107(11):djv219. 

21. Waaseth M, Bakken K, Lund E. Patterns of hormone therapy use in the Norwegian 

Women and Cancer study (NOWAC) 1996–2005. Maturitas. 2009;63(3):220-6. 

22. Jones ME, Schoemaker MJ, Wright LB, Ashworth A, Swerdlow AJ. Smoking and risk 

of breast cancer in the Generations Study cohort. Breast Cancer Research. 2017;19(1):1-14. 

23. Clinton SK, Giovannucci EL, Hursting SD. The world cancer research fund/American 

institute for cancer research third expert report on diet, nutrition, physical activity, and cancer: 

impact and future directions. The Journal of nutrition. 2020;150(4):663-71. 

24. Jeong SH, An Y, Choi J-Y, Park B, Kang D, Lee MH, et al. Risk reduction of breast 

cancer by childbirth, breastfeeding, and their interaction in Korean women: heterogeneous 

effects across menopausal status, hormone receptor status, and pathological subtypes. Journal 

of Preventive Medicine and Public Health. 2017;50(6):401. 

25. Slepicka PF, Cyrill SL, Dos Santos CO. Pregnancy and breast cancer: pathways to 

understand risk and prevention. Trends in molecular medicine. 2019;25(10):866-81. 



 

37 

 

26. Inger Kristin Larsen IL, B Møller, TB Johannesen, TE Robsahm, TK Grimsrud, S 

Larønningen, AH Seglem, J Gulbrandsen,, E Jakobsen GU. Cancer incidence, mortality, 

survival and prevalence in Norway 

2019. 

27. KRAvDAL Ø. Why is Fertility in Norway so High? Interdisciplinary Communications. 

2006:66. 

28. Lipsky AM, Greenland S. Causal directed acyclic graphs. JAMA. 2022;327(11):1083-

4. 

29. Barnard ME, Boeke CE, Tamimi RM. Established breast cancer risk factors and risk of 

intrinsic tumor subtypes. Biochimica et Biophysica Acta (BBA)-Reviews on Cancer. 

2015;1856(1):73-85. 

30. Park S, Moon BI, Oh SJ, Lee H-B, Seong M-K, Lee S, et al. Clinical subtypes and 

prognosis in breast cancer according to parity: a nationwide study in Korean Breast Cancer 

Society. Breast Cancer Research and Treatment. 2019;173(3):679-91. 

31. Jääskeläinen A, Roininen N, Karihtala P, Jukkola A. High parity predicts poor outcomes 

in patients with luminal B-like (HER2 negative) early breast cancer: a prospective Finnish 

single-center study. Frontiers in oncology. 2020;10:1470. 

32. Islami F, Liu Y, Jemal A, Zhou J, Weiderpass E, Colditz G, et al. Breastfeeding and 

breast cancer risk by receptor status—a systematic review and meta-analysis. Annals of 

Oncology. 2015;26(12):2398-407. 

33. Yang XR, Chang-Claude J, Goode EL, Couch FJ, Nevanlinna H, Milne RL, et al. 

Associations of breast cancer risk factors with tumor subtypes: a pooled analysis from the 

Breast Cancer Association Consortium studies. Journal of the National Cancer Institute. 

2011;103(3):250-63. 

34. Horn J, Opdahl S, Engstrøm MJ, Romundstad PR, Tretli S, Haugen OA, et al. 

Reproductive history and the risk of molecular breast cancer subtypes in a prospective study of 

Norwegian women. Cancer Causes & Control. 2014;25(7):881-9. 

35. Lund E, Dumeaux V, Braaten T, Hjartåker A, Engeset D, Skeie G, et al. Cohort profile: 

the Norwegian women and cancer study—NOWAC—Kvinner og kreft. International journal 

of epidemiology. 2008;37(1):36-41. 



 

38 

 

36. Gottschalk MS, Eskild A, Tanbo TG, Bjelland EK. Childbirth close to natural 

menopause: does age at menopause matter? Reproductive BioMedicine Online. 

2019;39(1):169-75. 

37. Stulp G, Verhulst S, Pollet TV, Buunk AP. The effect of female height on reproductive 

success is negative in western populations, but more variable in non‐western populations. 

American Journal of Human Biology. 2012;24(4):486-94. 

38. Charlton BM, Mølgaard-Nielsen D, Svanström H, Wohlfahrt J, Pasternak B, Melbye M. 

Maternal use of oral contraceptives and risk of birth defects in Denmark: prospective, 

nationwide cohort study. bmj. 2016;352. 

39. Yoo J-H. Effects of early menarche on physical and psychosocial health problems in 

adolescent girls and adult women. Korean journal of pediatrics. 2016;59(9):355. 

40. Huang Y, Ouyang Y-Q, Redding SR. Previous breastfeeding experience and its 

influence on breastfeeding outcomes in subsequent births: a systematic review. Women and 

Birth. 2019;32(4):303-9. 

41. Laroche HH, Wallace RB, Snetselaar L, Hillis SL, Cai X, Steffen LM. Weight gain 

among men and women who have a child enter their home. Journal of the Academy of Nutrition 

and Dietetics. 2013;113(11):1504-10. 

42. Tazzite A, Jouhadi H, Saiss K, Benider A, Nadifi S. Relationship between family history 

of breast cancer and clinicopathological features in Moroccan patients. Ethiopian journal of 

health sciences. 2013;23(2):150-7. 

43. Mastorakos G, Iatrakis G, Zervoudis S, Syropoulou S. Progestins and the Risk of Breast 

Cancer. Acta Endocrinologica (Bucharest). 2021;17(1):90. 

44. Sharma R, Biedenharn KR, Fedor JM, Agarwal A. Lifestyle factors and reproductive 

health: taking control of your fertility. Reproductive biology and endocrinology. 2013;11(1):1-

15. 

45. Van Heertum K, Rossi B. Alcohol and fertility: how much is too much? Fertility 

research and practice. 2017;3(1):1-7. 

46. Steponavičienė L, Vansevičiūtė R, Zabulienė L, Jasilionis D, Urbonas V, Smailytė G. 

Reproductive Factors and Breast Cancer Risk in Lithuanian Women: A Population-Based 

Cohort Study. Acta Medica Lituanica. 2020;27(2):70. 

47. Anderson KN, Schwab RB, Martinez ME. Reproductive risk factors and breast cancer 

subtypes: a review of the literature. Breast cancer research and treatment. 2014;144(1):1-10. 



 

39 

 

48. Gaudet MM, Gierach GL, Carter BD, Luo J, Milne RL, Weiderpass E, et al. Pooled 

Analysis of Nine Cohorts Reveals Breast Cancer Risk Factors by Tumor Molecular 

SubtypeBreast Cancer Risk Factors by Tumor Molecular Subtypes. Cancer research. 

2018;78(20):6011-21. 

49. Ma H, Bernstein L, Pike MC, Ursin G. Reproductive factors and breast cancer risk 

according to joint estrogen and progesterone receptor status: a meta-analysis of epidemiological 

studies. Breast Cancer Research. 2006;8(4):1-11. 

50. Li C, Fan Z, Lin X, Cao M, Song F, Song F. Parity and risk of developing breast cancer 

according to tumor subtype: A systematic review and meta-analysis. Cancer epidemiology. 

2021;75:102050. 

51. Palmer JR, Viscidi E, Troester MA, Hong C-C, Schedin P, Bethea TN, et al. Parity, 

lactation, and breast cancer subtypes in African American women: results from the AMBER 

Consortium. Journal of the National Cancer Institute. 2014;106(10):dju237. 

52. Wang X, Kattan MW. Cohort studies: Design, analysis, and reporting. Chest. 

2020;158(1):S72-S8. 

53. Council NR. Analysis of cancer risks in populations near nuclear facilities: phase 1: 

National Academies Press; 2012. 

54. Eiliv L, Merethe K, Tonje B, Anette H, Kjersti B, Elise E, et al. External validity in a 

population-based national prospective study–the Norwegian Women and Cancer Study 

(NOWAC). Cancer Causes & Control. 2003;14(10):1001-8. 

55. Gjelsvik YM, Johannesen TB, Ursin G, Myklebust TÅ. A nationwide, prospective 

collection of patient reported outcomes in the Cancer Registry of Norway. Norsk Epidemiologi. 

2022;30(1-2). 

56. Tennant PW, Murray EJ, Arnold KF, Berrie L, Fox MP, Gadd SC, et al. Use of directed 

acyclic graphs (DAGs) to identify confounders in applied health research: review and 

recommendations. International journal of epidemiology. 2021;50(2):620-32. 

57. Hjerkind KV, Johansson AL, Trewin CB, Russnes HG, Ursin G. Incidence of breast 

cancer subtypes in immigrant and non-immigrant women in Norway. Breast Cancer Research. 

2022;24(1):1-14. 

58. Sung H, Devi BC, Tang TS, Rosenberg PS, Anderson WF, Yang XR. Divergent breast 

cancer incidence trends by hormone receptor status in the state of Sarawak, Malaysia. 

International journal of cancer. 2020;147(3):829-37. 



 

40 

 

59. Hofvind S, Sakshaug S, Ursin G, Graff‐Iversen S. Breast cancer incidence trends in 

Norway—explained by hormone therapy or mammographic screening? International journal of 

cancer. 2012;130(12):2930-8. 

 

 

 

 

 

 

 



 

 

 


