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Abstract;:

Introduction: Adult attained height has been associated with breast cancer incidence
consistently in the literature. The inclusion of covariates to adjust the regression models is
widely used as a tool for controlling for error in models and reducing bias. However, several
epidemiological studies regarding height have not accounted for confounding variables in

their analysis.

Material and Methods: The data was collected from the Norwegian Women and Cancer
(NOWAC) cohort study (1991-2003). To investigate the association between adult attained
heigh and breast cancer risk we used Cox Proportional Hazard regression to estimate the
Hazard Ratio (HR) for height and overall breast cancer, stratified by menopausal status. To
handle missing data multiple imputation was performed. Cubic splines were fitted to the main
exposure to investigate potential non-linearity. The regression-model was constructed using a
causal framework (DAG), including variables such as age at baseline, age at menarche, body
shape in childhood, breast cancer in mother and years of education. Sensitivity testing was

performed to determine the overall influence each covariate had on the effect estimates.

Results: The imputed multivariable model indicated a positive association between increased
height (per 10 cm increase) and overall breast cancer incidence (HR: 1.21, 95% CI: 1.17-
1.25). The association was also observed both in premenopausal women (HR = 1.20, 95% ClI
1.14-1.26) and postmenopausal women (HR = 1.22, 95% CI 1.16-1.28). Plots with restricted
cubic splines indicated a linear association between height and breast cancer risk. Sensitivity
analysis suggested that none of the included variables affected the model to any great extent

except year of education.

Conclusion: The analysis found a positive association between increased height in

Norwegian women and incidence of breast cancer.

Keyword: NOWAC, Adult Attained Height, Menopausal status, Breast Cancer, Direct
Acyclic Graphs



Abbreviations:

DAG - Directed Acyclic Graphs

EPIC — European Prospective Investigation into Cancer and Nutrition.
GH — Growth Hormones

IGF-1 — Insulin like Growth Factors

NA — Not Available, referring to missing value(s).

NOWAC — Norwegian Women and Cancer Study



1 Background

1.1 Introduction - Height and Breast Cancer

The average standing height among people have increased in industrialized countries in
tandem with improved living standards, income and education levels (NCD, 2016). Adult
attained height is often measured as self-reported standing height. Adult stature is result of a
complex interplay between the inherited biology in dynamic interaction with their

environment from gestation until the end of puberty (Cole, 2003; Little, 2020).

Incidence of cancers is increasing, where the developing countries suffer the greatest increase
(Soerjomataram & Bray, 2021). Height has consistently been associated with cancer
incidence across nationalities, ethnicities, sex and age-cohorts (Aune et al., 2015; Choi et al.,
2019; Green et al., 2011; Jing et al., 2015; Krieg et al., 2022; Lahmann et al., 2004; Lerro et
al., 2010; Shrestha et al., 2021; Wang et al., 2017; WCRF, 2018; Zhang et al., 2015; Zhou et
al., 2022).

The etiology of carcinogenesis is complex and multifactorial, breast cancer being no
exception. The literature regarding potential causal relationship between height and breast
cancer is divided. Some of this is reflected in the heterogeneity in model composition found
in the literature. Several studies adjust for covariables that does not meet the criteria of
confounding (Groenwold et al., 2021; Wysocki et al., 2022), thus risking bias by controlling
for variables that could be mediators, colliders or ancestors of the exposures (Richiardi et al.,
2013; Rudolph & Lau, 2021).

1.2 Breast Anatomy and Cancer Pathology

1.2.1 Breast development
Development of the mammary gland occurs during gestation, puberty, and pregnancy. In each
developmental stage, sex hormones play an central role in the development of the mammary

glands; primarily through increased cell proliferation and differentiation (Loda et al., 2016).

During embryonic period mammary gland structure is highly dependent on maternal and
placental steroid hormones (mainly testosterone). After birth the infant is cut off from
maternal and placental derived hormones, causing the glands to shrink, and development of
breast structures halts (Loda et al., 2016). At menarche the onset of secretion of estrogen and

progesterone restarts the development of the mammary gland, marked by thelarche (Loda et
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al., 2016; Sherwood, 2016). Pregnancy is the only point where the mammary gland reaches
full maturation. Much like in puberty, high levels of estrogen stimulate growth for ducts and

the progesterone activates extensive alveolar-lobular growth (Loda et al., 2016).

1.2.2 Breast Anatomy

The breast consists of a network of ducts that branch out from the nipple and end up in the
lobules surrounded by adipose tissue. The lobules consist of a clustering of alveoli,
resembling sacks, epithelial lined alveoli have the potential to produce milk which is secreted
from the alveolar epithelial cells into the lumen, while the myoepithelial cells causes

contractions for transportation of milk into the ducts (Sherwood, 2016).

1.2.3 Hallmarks of Cancer - Biological Perspective

A defining trait of cancer development is the uncontrolled growth of pathological
tissue(neoplasm). Normal tissue carefully regulates cell proliferation, meticulously
maintaining cell numbers and structure of the tissue (Hanahan & Weinberg, 2011). This is
through regulating the start and progression of the cell-cycle. The immune system normally
controls and regulates cell proliferation through tumor suppressors genes. Tumor suppressor
genes generally functions as regulators of the cell-cycle, halting progress and determining if
the cell in questions is eligible for further proliferation or apoptosis. When the cell detects
physiological stress induced by hyperproliferation and/or DNA damage, it activates increased
apoptotic activity to regulate cell prevalence in the tissue. Cells have a replicative limit
reducing the potential for unlimited growth. Extensive proliferation and forming of tumors
require large amounts of sustenance making it challenging for uncontrolled growth to sustain
itself over time (Hanahan & Weinberg, 2011).
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Figure 1 — Hallmarks of Cancer (Hanahan & Weinberg, 2011)

Neoplastic growth requires alteration to the genetic code of the cells. This alteration has been
suggested to be enabled by two core characteristics: genomic instability and tumor-associated
inflammation (premalignant and malignant). Genomic instability refers the number of
mutations within a given genome, more mutation corresponds to increased instability with
increased risk of mutations (Hanahan & Weinberg, 2011). Inflammations in tumor lesions is
driven by immune cells combating the inflammation but unable to detect the neoplastic
growth. The immune cell activity will both support biological traits of neoplastic growth and
increased risk of mutation of the tissue (Hanahan & Weinberg, 2011). We can summarize that
both characteristics influence tumor development through either influencing genomic change
(e.g., DNA damage) or increased frequency of mutation.

Both characters increase the risk of mutations and furthering traits that are referred to as
hallmarks of cancer. Hanahan and Weinberg (2011) define these traits as: sustaining
proliferative signaling, evasion of suppressors, resisting cell death, inducing angiogenesis,

enabling replicative immortality, and activation of invasion leading to metastasis (figure 2).
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1.2.4 Classification:
Breast cancer specifically develops in the terminal duct-lobular unit TDLU, in the ducts

(ductal neoplasms), the lobules (lobular neoplasms) or papillary (papillary neoplasm).

Besides the physical location where the tumor originates, there are several ways of
categorizing tumors. Firstly, you have the four molecular subtypes of tumors: luminal A,
Luminal B, basal-like and triple-negative, and human epidermal growth factor receptor 2.
These are defined by their histology and correspond to different prognosis and outcome.
Secondly, a tumor can be classified by its size, where larger sizes indicate a worse long-term

prognosis (Loda et al., 2016).

1.2.5 Screening and diagnosis:

Breast cancer can be detected by observing symptoms like changes to the nipple or the
discovery of palpable tumors. However, most detections of breast cancer are done by
mammographic screening. Norway offers for any women aged 50-69 years for a
mammographic screening through the BreastScreen Norway program every other year (CRN,
2023). Upon suspected neoplasm, either by mammography or clinical examination, the
patient needs a biopsy to be able to determine the type of neoplastic growth and set a

corresponding diagnosis (Loda et al., 2016).

1.2.6 Treatment:
Early detection and more refined methods of treatment allows for increased usage of breast

conserving surgery with post-surgical radiation therapy. Chemotherapy or treatment with an

antiestrogen can also be utilized to treat breast cancer (Loda et al., 2016).

1.3 Breast Cancer Epidemiology

1.3.1 Prevalence and Incidence

In 2020, 2,26 million new cases of breast cancer worldwide were reported, making it the most
common cancer diagnosis with 11.7% of all cancers (GLOBOCAN, 2020). Breast cancer
caused 685 000 deaths globally, being 6.9% of all cancer deaths (GLOBOCAN, 2020).
Currently, the highest incidence is found in high income countries (GLOBOCAN, 2020;
Huang et al., 2021). It is estimated that breast cancer incidence will increase with 131% by
2070 (Soerjomataram & Bray, 2021). Women in low-income countries are disproportionately

affected by this disease (Huang et al., 2021), and the strongest reduction of both mortality and
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comorbidities is by early detection and effective treatment (Huang et al., 2021;

Soerjomataram & Bray, 2021).

Overall cancer incidence in Norway has increased steadily amounting to over 6000 more
annual cases when comparing 2011 with 2021 (CRN, 2021). Incidence rates of all cancer
have decreased 3.8% for males the last 5 years (2017-2021), and increased 2.1% for females
(CRN, 2021). In total, 36 998 new cases of all cancers in 2021, of which 3 991 cases where
breast cancer; making it the second largest cancer type in Norway surpassed only by prostate
cancer (n =5 188)(CRN, 2021).

1.3.2 Risk factors:

Breast cancer risk is not determined by any single risk factor. The risk of developing breast
cancer is linked to the hallmarks of cancer through the enabling characteristics mentioned
previously or a combination of both. Breast cancer is affecting women disproportionally, as it

rarely that develops in men.

Age at menarche, and age at menopause have been linked to increased risk of breast cancer.
Here an increased interval between age at menarche and age at menopause is associated with
increased risk of breast cancer, the suggested mechanism is that increased reproductive span

implies more menstrual cycles, thus more cumulative hormonal exposure (Loda et al., 2016).

Nulliparous women tend to be more at risk for breast cancer than parous women, suggesting
that the more children born indicate a decreased risk of breast cancer. This association is
dependent on age at first birth. As there is is an negative association between age at first birth
and breast cancer risk (Loda et al., 2016). However, this association has a dual effect, as
within ten years of pregnancy and birth will increase risk of breast cancer, but by 15 years the
risk decreases (Loda et al., 2016). This might be due to increased cell proliferation in breast
cells during the pregnancy, while the differentiation of breast cell after cessation of lactation
might reduce the risk long term (Loda et al., 2016).

Breastfeeding over 6 months is associated with decreased risk of breast cancer, where the
main mechanism is suggested to be delay of ovulatory cycles and also the terminal
differentiation of breast cells (Loda et al., 2016).
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Oral contraceptives consist of sex hormones (estrogen and progestogen), increasing breast

tissue to exposure to hormones that increases cell proliferation that again increase the risk of

breast cancer. The association tends towards being for recent use, where long term or ever use

seems not to be associated with breast cancer risk (Loda et al., 2016).

Table 1 — Breast Cancer Risk Factors

172

Risk factor Comparison Effect estimation Reference
Age at menarche 1 year delay All RR:0.95 Loda et al. (2016)
Parity Nulliparous vs parous All RR:1.2-1.7 Loda et al. (2016)
Breastfeeding Each year a woman breastfeeds All RR:0.96 (Cl 95% 0.93-0.96) Loda et al. (2016)
Per 5-month duration All RR:0.98 (Cl 95% 0.97-0.99) WCRF (2017)
Oral contraceptives Longer duration All RR:1.24-1.54 Loda et al. (2016)

Menopausal hormone therapy
BMI Early-life adiposity (<25y)

BMI (18y-30y)

BMI (30<)

Weight change since 18

Physical activity

Family history

Alcohol

Age at menopause

Mammographic density

Birthweight

Lunger duration (5+ years vs never) All

RR 1.30-1.47

Loda et al. (2016)

Per 5 kg/m"2 All RR:0.84 (95% ClI: 0.81-0.87) 63,4% Byun et al. (2022)

Per 5 kg/m"2 increase  Premenopausal RR:0.82 (95% CI 0.76-0.89) 14.9% WCRF (2017)
Postmenopausal RR: 0.82 (95% CI 0.76-0.88) 43,5%

Per 5kg/m”2 increase  Premenopausal RR:0.93 (95% CI 0.90-0.97) 54,5% WCRF (2017)
Postmenopausal RR:1.12 (95% C11.09-1.15) 73,6%

Per 5 kg increase Premenopausal RR:0.99 (95% CI 0.96-1.03) 13%  WCRF (2017)
Postmenopausal RR: 1.06 (95% CI 1.05-1.08) 38%

Highest activity vs lowest 35.6% Chen et al. (2019)

Premenopausal RR: 0.83 (95% CI 0.79-0.87) 23.3%

Postmenopausal RR:0.91 (95% CI 0.85.-0.97)

Increasing number of affected relatives ~ RR: 1.5-3.90 Loda et al. (2016)

(1,20r3+)

Per 10 g/day Premenopausal RR: 1.05 (Cl 95% 1.02-1.08) WCRF (2017)
Postmenopausal RR:1.09 (Cl 95% 1.07-1.12)

Increase in risk per increase in year RR:1.03 Loda et al. (2016)

BI-RADS D vs BI-RADS B OR:2.11(95% Cl: 1.84-2.42) 48%  Bodewes et al.

All (2022)

Per 500 gr Premenopausal RR: 1.05 (Cl 95% 1.02-1.09) - WCRF (2017)
Postmenopausal RR:1.00 (CI 95% 0.98-1.02) -

172 = Percentage of heterogeneity observed in the meta-analysis

RR = Risk ratios
OR =0dds ratios

Menopausal hormone therapy (MHT) and its association with breast cancer is dependent on

duration of usage, and recency. Usage over time increased the risk of breast cancer, but the

risk rapidly declines after subjects stop using MHT and evens out with never users after five

years’ time (Loda et al., 2016).

Premenopausal adiposity is associated with decreased risk for premenopausal cancer and

postmenopausal adiposity with increased risk of breast cancer (Loda et al., 2016). With early

life adiposity being associated with reduced risk of both premenopausal and postmenopausal

breast cancer. The mechanism behind adiposity and premenopausal association is not well

Page 6 of 37



known, it is however suggested that it might be related to fewer and more irregular menstrual
cycles (Loda et al., 2016). Adipose tissue is the main producer of estrogen for
postmenopausal women suggesting that increased adipose tissue, more circulation estrogen
(Loda et al., 2016).

1.4 Determinants of Height:

As with most aspects of human development, growth is an intricate and complex process.
These complexities make it challenging to study and predict adult stature on an individual
level. However, on the scale of populations it is possible to observe trends of growth
(Silventoinen, 2003).

Genetic factors is a main determinant of adult attained height in any given individual, leaving
adult stature to highly heritable (Silventoinen, 2003). The main mechanic behind human
growth has been greatly dependent on the prevalence of growth hormones (GH) and insulin
like growth factors (IGF) in all stages of early life growth-periods (Rosenfeld, 2003). GH is
believed to affect genes facilitating production of IGF-1, where increased levels of a specific
IGF-1 has been linked to prenatal, childhood and adolescent growth periods (Rosenfeld,

2003) IGF is linked to increased mitosis and reducing apoptosis in tissue, facilitating growth.

Including genetics there are environmental factors that influence growth. These affect growth
periods throughout prenatal stages until the end of puberty (Silventoinen, 2003). This
influence is referred to as gene-environment interaction, where the genes respond to the
stimuli from the environment. Environmental determinants of heights, refers to
socioeconomic and living conditions in the population (Silventoinen, 2003). It has been
observed differences in living conditions form one generation to the next, where the children
grow to a taller than their parents (Silventoinen, 2003). Some of these variations have been
linked to parental socioeconomic status, where increased socioeconomic status increased
likelihood of access to necessary maternal healthcare, early-life nutrition, safe environment,

and quality healthcare (Silventoinen, 2003).

The influenced observed by environmental factors is observed to be lower when observed in
setting where children have greater food security and less prone to infectious diseases
throughout their developmental stages (Silventoinen, 2003). Typically, the environmental

determinants are nutrition, and infectious diseases, often linked to socioeconomic status.
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1.5 Causal framework — Direct Acyclic Graphs.

DAGs, or Direct Acyclic Graphs is a causal framework that allows for the representation of
the data generating process and illustrating the causal assumptions set by the investigator
(Cinelli et al., 2022). Looking to figure 3, each node denotes a variable (exposure and
outcome), and the arrow illustrates the causal path between exposure and outcome. This
association is often referred to as a direct effect, meaning there are no third variable mediating

or masking the effect the exposure has on the outcome.

® @

Exposure Outcome

Figure 2 — Exposure-Outcome relationship. Illustrating direct effect. Created in Dagitty.

Cinelli et al. (2022) describes three central forms of association that further allows
investigators to illustrate causal pathways and detected biasing patterns. One of these biasing
patterns is confounders. Confounders can be described, as being causal of both exposure and
outcome. Confounders are not descendant of either exposure or outcome, meaning they serve
an independent influence on both variables. If this variable is not accounted for through study
design or regression strategies, an association between exposure and outcome can occur,

biasing the effect estimates.

Vg N
Confounder

&——@

Exposure Outcome

Figure 3 — Exposure-Confounder-Outcome relationship. lllustrating confounding. Created in

Dagitty. Pink arrows indicate biasing pathways, green arrows indicate unbiased pathways.

Secondly, mediation refers to the causal relationship between an exposure and the outcome;
that can be partly or fully explained by the mediator (figure 4). In contrast to a confounder,

mediation is still part of the causal path. Not accounting for this, does not incur bias, but by
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including mediator in regression analysis one needs to consider variables related to the

mediator and exposures and outcome respectively.

@

- Mediator

® ®

Exposure Outcome

Figure 4 — Exposure-Mediator-Outcome relationship. llustrating indirect effect. Created in

Dagitty.

Thirdly, Cinelli etal. (2022) describes a collider association, here Z is being caused by X and
Y. In this case, X and Y are independent of each other, but they are connected through Z.
Colliders are important because by controlling for this factor using regression strategies, this

will open an association between the X and Y. This kind of bias is referred to as collider bias.

Collider Collider
Figure 5 — Collider and Collider bias

1.6 Study Rational and Research question

The association between height and breast cancer has been studied extensively. Similar
studies have been performed with the use of NOWAC data, through EPIC studies (Lahmann
et al., 2004; Ritte et al., 2013). However, few studies have been performed on dedicated on
Norwegian women in relation to height and breast cancer risk within the last decade, and even

fewer have used causal framework for justifying inclusion of third variables.

Hence, this study aims to investigate the association between adult attained height and breast
cancer in pre- and post-menopausal Norwegian women using a causal framework in the

model building process illustrated through Directed Acyclic Graph (DAG).
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Using a causal framework, we seek to establish subject-matter context to the statistical
analysis, while communicating the assumptions transparently. With this approach we seek to
alleviate the risk of overadjustment seen in many studies. We will investigate the influence of
third variables on the model, and discuss the potential implications related to the direct and
indirect hypothesis; describing the mechanism that may link adult attained height and breast

cancer.

Primary objective:

Investigate the association between adult attained height and breast cancer incidence in

Norwegian Women (Age: 30-70).

2 Methods: Material, Design and Analysis
2.1 Material - NOWAC Cohort Profile

2.1.1 Population, Recruitment, and sample
To answer the research question, and cover the objective stated in the introduction, we used
data from the Norwegian Women and Cancer cohort study (NOWAC). A national prospective

study containing over 172 000 Norwegian women aged 30-70 years.

The NOWAC cohort was randomly sampled from the Norwegian Central Person Register
using an eleven-digit national personal identification number, unique to all citizens of
Norway. This allows for linkage to all other national registries. Recruitment started in 1991,

lasting until 2007, passive follow-up ongoing with its latest follow-up in 2020.

Potential participants were sent a study invitation containing general information regarding
the study, including questionnaire with an integrated informed consent form. All candidates
received a four-page questionnaire regarding: use of oral contraceptives (OC), use of
hormonal replacement therapy (HRT), reproductive history, age at menarche (AAM) and
menopause; smoking, physical activity (PA), alcohol consumption, anthropometric variables,
socioeconomic status (SES), screening for breast cancer, family history of breast cancer,
sunbathing habits and pigmentation and self-reported disease. Mailings after 1996 contained
in addition to the original questionnaire, another four-page questionnaire regarding dietary
habits(Lund et al., 2007). In the periods 1991-1997 and 2003-2006, 102 540 (57 % of invited)
and 63 232 (48.4% of invited) responded to the study(Lund et al., 2007).
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Active follow-up was performed through three different mailings with a six to seven-year
interval between each mailing with an updated questionnaire(figure 7), while also having a
passive follow-up by linkage to the Norwegian Cancer Registry and the Norwegian Cause of
Death Registry(Lund et al., 2007). Further details regarding the cohort can be found on
NOWACS webpage: https://uit.no/research/nowac.

Year

1991 1992 | 1993 | 1994 | 1995 | 199 | 1997 | 1998 1999 | 2000 & 2001 & 2002 2003 & 2004 = 2005 = 2006 & 2007 2008 & 2009 2010 , 2011 2012 , 2013 2014 2015 2016 & 2017 & 2018
t ] t t t t t t t t t t t i ——

100001
200004
10000-|- Pagess
& s0000-
60000
70000
) 80000
90000+

100.000-

1 1300004

E -
£ 140,000
150,000
160.000-
W 170000+
o

]“ 180.000—

N 190,000

200,000

Methodological studies

Oppdatert: 08.01 2018

+ + + + + + + + + + + t + + t + + t + + t + + + + + +
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Vear

Figure 6 - Overview of NOWAC mailing series and participant distribution (2018).

2.1.2 Inclusion/exclusion criteria

Information from all first-time surveys were included into the study as they all contained
information on height and linked to the Norwegian Cancer Registry. The NOWAC cohort had
information of adult height for 170 428 women and had registered 11 582 breast cancer cases

in total.

Participants that had prevalent cases (n= 6 570), BMI of 40 or below 14 (n=17), Alcohol
intake exceeding 150g g/day was excluded (n= 626). Finally, all women not reporting their
current height at baseline (n= 2 044), was excluded. The total analytic sample totaled 163 215

participants, and 8 872 cases.
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! 7
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Figure 7 - Exclusion/Inclusion flow-chart.

2.2 Variables:
Variables included into the NOWAC dataset is outlined in Appendix 1.

2.2.1 Exposure

Adult attained height was measured through self-report questionnaire, the participants were
asked “How tall are you (in cm)?”, participants were then asked to fill this in as an integer.
For the purposes of the statistical analysis, height at baseline was coded into a 10cm

increment continuous variable.
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2.2.2 Outcome

The outcome variable “Breast Cancer Diagnosis” was based on the cancer diagnosis
classification provided by the Norwegian Cancer Registry. The diagnosis was sorted in four
categories, C50, C500, C509 and NA, based on the ICD-10 classification system based on
location of the tumor. C50 is specified to lesions in in the nipple and areola of the breast.
C.509 is classified as an unspecified lesion in the breast which could be contained any
quadrant or depth of the breast. The mentioned classification includes the connective tissue of

the breast and mammary glands but excludes the skin.

The original 10C-150 classification from the Norwegian Cancer Registry was recoded into a
binary variable, with “1” indicating diagnosis, and “0” indicating no diagnosis, treating all

NAs in the original classification as a “0”.

The full data cleaning and coding procedure can be observed Appendix 10.

2.3 Modelbuilding and Statistical Methods

2.3.1 Modelbuilding: Direct Acyclic Graphs
Third variables for the model were decided by using Directed Acyclic Graphs (DAGS)
informed by current literature as to argue for the inclusion/exclusion of third variables into the

total effects model proper.

Literature searches were performed to create the initial map of a causal network of height and
breast cancer development (appendix 2 & appendix 3). The literature used to justify the DAG
is discussed in chapter 4.3. The DAG was simplified into figure 9, using Huntington-
Kleins(Wang, 2023) approach to DAGs construction, which reduced the scope of the DAG to
include the variables which we have available in the NOWAC dataset and variables had some
plausible causal connection to both height and breast cancer. The exceptions to this are the
variables for age, as it is assumed to be associated with all variables listed, and the
unobserved variables parental SES and genetic factors, which is included on the basis of

connecting variables in a cohesive manner and enable hypothetical causal pathways.

The age-adjusted model included the age at baseline. The total effect multivariate model
included the covariables: age at menarche, childhood body shape, breast cancer in mother and

years of education.
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Figure 8 — DAG. Pink arrows indicate biasing pathways. Green arrows indicate unbiased
pathways. Red nodes indicate a confounding variable. Blue nodes indicate ancestors of the
outcome. Grey nodes indicate unobserved variables. Generated in Dagitty, R-code in

Appendix 5.

2.3.2 Cox Proportional Hazards Regression

For descriptive analysis | will be presenting results from all variables shown in table 2. For
estimating the association, we used multivariable cox proportional hazards regression model
to calculate age-adjusted, and multivariable hazards ratios for developing breast cancer,
stratified by menopausal status. The main exposure is height, expressed in 10 cm increments.
We further expanded the main exposure by fitting restricted cubic splines to detect potential
non-linear trends between height and breast cancer risk. For the splines, four knots were
placed at the 5t, 35, 65t and 95™ percentiles of the height variable. The proportional hazard

assumption was checked using Martingale residual plots, and no violations were found.

2.3.3 Missing Data and imputation.

Under complete case-analysis on the all-breast cancer analysis there were 30 302 participants
missing, for stratified analysis premenopausal and postmenopausal strata had 13 830 and

15 628 missing, respectively. To recover the loss of statistical power due to observations with
missing values, multiple imputation was performed. Given the assumption that this data was

missing at random (MAR) we performed multiple imputation to replace missing values in
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included covariables. Fifteen datasets were imputed and results pooled using Rubin’s rules
(Harrel, 2015) for the Cox-Regression analysis to calculate hazard ratios and 95% confidence

intervals.

For the imputation model, age at baseline, age at end of follow up, age at menarche,
childhood body shape, height, breast cancer status mother, alcohol intake, smoke status,
education years, use of oral contraceptives, use of hormonal replacement therapy, current
physical activity level, total number of children, age at first child and binary menopausal

status were included regardless of its inclusion in the model proper.

Based on recommendation described in (Heymans & Eekhout, 2019) All variables included in
the imputation model was part of the analysis model or that were believed to be related to
missingness. Variables was excluded if they were believed to be highly correlated or had high
levels (>50%) of NA/unknown. All inclusion and exclusion criteria described in chapter

2.1.2., were implemented before the imputation.

For the data management, analysis, and multiple imputations the statistical programing
language R through the RStudio software was utilized. Details of the imputation are available

in the appendix 10.

2.3.4 Ethical considerations

All women participating in the study have given their informed consent for their submitted
information to be used in research and the linkage to the cancer registry and the cause of
death registry. Information regarding data handling and intent of utilization of the data was

described in the consent form participants received upon invitation(Lund et al., 2007).

The NOWAC study has been approved by the Regional Committee for Medical Research
Ethics (Lund et al., 2007). All data gathered by NOWAC is stored without the participants
name or personal identification number. The linkage from the gathered data is handled by the
Norwegian Statistical Bureau through a unique code given to each participant (NOWAC,
2022).

Approval for the study has been granted by the Regional Committee for Medical Research
Ethics. Approval for access to data has been granted by NOWAC.
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3 Results

3.1 Descriptive statistics
After exclusion 154 343 participants were included in the analysis, throughout the follow-up,

8 872 participants experienced the event of interest.

The mean height of the sample is 166.27, where a slight difference is observed between cases
(m=166.23cm) and non-cases (166.84 cm). The mean age at baseline where 49.29, with a
minor difference between cases and non-cases. BMI mean for the samples is estimated to be
24.20, with no statistically significant difference between the groups, and most individuals,

60.4%, reported their childhood body shape to have been “normal”.

The participants in our sample had a slightly greater proportion of postmenopausal women
(49.4%). 90% reported to have at least one child, where most participants (54.9%) reported to
have given birth of their first child before the age of 25. When compared against participants
experiencing an event versus non-event, the larger proportion of participants with a cancer

diagnosis tended towards having births later than earlier and having fewer children.

23.9% of participants reported to ever have used hormonal replacement therapy. Diagnosed
participants tended towards having a slightly higher proportion of ever and current users of
HRT. Further, 55.1% claimed ever use of oral contraceptives, no difference of note between
the groups.

On lifestyle variables, 34.2% of participants claim to have never been smokers, while former
smokers and current smokers are reported to be 33.8% and 30.3%, respectively. A slight
difference between the groups was observed, where cases had a larger proportion of former

smokers.

Table 2 — Descriptive table of the NOWAC sample ( n = 163 215) by cancer diagnosis status,

complete case analysis.

Stratified by cancer diagnosis All No (n =154 343) Yes(n=8872)

Mean (SD) P-value
Standing height in cm 166.27 (5.65) 166.23 (5.65) 166.84 (5.60) <0.001
Age at baseline 49.29 (8.45) 49.33 (8.47) 48.66 (8.16) <0.001
BMI 2420 (3.9) 24.20 (3.74) 2414 (3 67) 0.135
Number (%)

Menopausal status Premenopausal 70157 (45.6) 65853 (42.7) 4304 (48.5) <0.001
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Postmenopausal 89449 (52.3) 85065 (55.1) 4383 (49.4)
NA 3610 (2.2) 3550 (2.2) 185 (2.1)
Age at first live birth <20 20041 (12.3) 19964 (12.4) 994 (11.2) <0.001
20-24 69506 (42.6) 65949 (42.7) 3557 (40.1)
2529 41003 (251) 38817 (25.0) 2276 (25.8)
>30 16470 (10.) 15421 (9.8) 1049 (11.8)
NA 16105 (9.9) 15109 (9.8) 996 (11.2)
Total number of children 0 16096 (9.9) 15101 (9.8) 995 (11.2) <0.001
1 19559 (12.0) 18356 (11.9) 1203 (13.6)
2 67965 (41.6) 64176 (41.4) 3789 (42.7)
3 41950 (256) 39853 (25.8) 2097 (23.6)
4+ 17645 (10.8) 16 857 (10.9) 788 (8.9)
Ever use of (HRT) Yes 38945 (23.9) 36675 (23.8) 2270 (25.6) <0.001
No 134009 (70.5) 109 027 (70.4) 6088 (68.6)
NA 9155 (5.6) 8641 (5.5) 514 (5.8)
Ever use of Oral Contraceptives Yes 89993 (55.1) 84 856 (55.0) 5077 (57.2) <0.001
No 67638 (41.8) 64123 (41.5) 3512 (39.6)
NA 5644 (3.7) 5892 (3.7) 414 (3.6)
Breast Cancer Mother Yes 10027 (6.1) 9271 (6.0) 756 (8.5) <0.001
No 143259 (87.8) 135729 (87.9) 7530 (84.9)
NA 12607 (6.1) 9343 (7.2) 586 (6.6)
Body shape in childhood Very Thin 7587 (4.6) 7084 (7.2) 661 (7.5) <0.001
Thin 28272 (17.3) 26627 (17.3) 1645 (18.5)
Normal 98504 (60.4) 93285 (60.4) 5219 (58.8)
Fat 16534 (10.1) 15781 (10.2) 816 (9.2)
Very fat 554 (0.3) 526 (0.3) 28 (0.3)
NA 11764 (7.2) 11892 (7.4) 802 (6.9)
Self-reported physical activity Low 18472 (11.3) 17393 (11.3) 1079 (12.2) <0.001
Middle  g9157 (49.1) 75590 (49.0) 4567 (51.5)
High 46940 (28.8) 44582 (28.9) 2358 (26.6)
NA 17646 (10.8) 16778 (10.9) 868 (9.8)
Number of years in Education <=9 35152 (21.8) 33413 (21.6) 1739 (19.6) <0.001
10-12 53040 (32.5) 50130 (32.5) 2910 (32.8)
13-16 42877 (26.3) 40428 (26.2) 2449 (27.6)
>=17 23082 (14.1) 21745 (14.2) 1287 (14.5)
NA 914 (5.6) 8627 (5.6) 487 (5.5)
Smoking status Never 55861 (34.2) 52944 (34.3) 2917 (32.9) <0.001
Former 55246 (33.8) 52189 (33.8) 3057 (36.1)
Current 49995 (30.3) 47202 (30.6) 2793 (31.5)
NA 2488 (L4) 2008 (L5) 105 (1.2)
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3.2 Cox Proportional Hazards regression

Overall breast cancer risk was modeled using Cox proportional hazard regression, using
attained-age as the time variable. Statistical significance was defined as p < 0.05. For the
purposes of sensitivity analysis, models using both complete-case data and multiply imputed
data were run, although no difference in hazard ratios exceeding 0.02 was observed between
the two sets of data. Overall breast cancer risk was observed in the age-adjusted models to
have a 23% increased risk of overall breast cancer per 10 cm increment, versus 21 % in

premenopausal and 26 % in postmenopausal sub-cohorts.

Table 3 — Cox Proportional Hazards Regression Results: hazards ratios (95% CI) of overall
breast cancer, premenopausal breast cancer and postmenopausal breast cancer in relation to

height in ten cm increments among NOWAC participants (n = 163 215).

Complete case HR - Age-adjusted (95% CI) HR - Multivariable (95% CI)?
All breast cancer,n =7 161 1.23 (1.19-1.28, p< 0.001) 1.21 (1.16-1.26, p< 0.001)
Premenopausal, n = 3 543 1.21 (1.15-1.28, p< 0.001) 1.21 (1.14-1.28, p< 0.001)
Postmenopausal, n = 3 470 1.26 (1.19-1.32, p< 0.001) 1.22 (1.15-1.30, p< 0.001)
Multiple imputation HR - Age-adjusted (95% CI) HR - Multivariable (95% CI)?
All breast cancer, n = 8 860 1.23 (1.19-1.27, p< 0.001) 1.21 (1.17-1.25, p< 0.001)
Premenopausal, n = 4 426 1.21 (1.16-1.26, p< 0.001) 1.20 (1.14-1.26, p< 0.001)
Postmenopausal, n = 4 434 1.26 (1.21-1.31, p< 0.001) 1.22 (1.16-1.28, p< 0.001)

a HR adjusted for: age at menarche(cont.), childhood body shape(cat.), years of education(cat.) & breast cancer in
mother(cat.).

Cl = confidence interval, cat. = categorical variable, cont. = continuous variable

The results from the multivariable models showed an increased risk of 21% for overall breast
cancer, versus 20% and 22% for the premenopausal and postmenopausal sub-cohorts,
respectively. As can be observed from table 3, the multivariable models exhibit notably

smaller differences in hazard ratio between the pre- and postmenopausal sub-cohorts.
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Figure 9 — Spline multivariable regression model for height and overall breast cancer risk.
Solid line: HR, dashed lines: 95% CI.

Restricted cubic spline plot did not indicate any non-nonlinear behavior between height and
breast cancer risk overall. No deviation from linearity was observed in premenopausal and

postmenopausal stratifications. As a result, splines were not used to model height in the final
analysis.
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Figure 10 — Spline multivariable regression models for height and premenopausal(left) and
postmenopausal(right) breast cancer risk. Solid line: HR, dashed lines: 95% CI.
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4 Discussion:

The multivariable imputed regression analysis indicated association between every 10-
centimeter increase in height and the risk of breast cancer, both in premenopausal and
postmenopausal women and overall breast cancer risk. The sensitivity analysis provided
evidence for breast cancer in mother, age at menarche, years of education did not change the
height-breast cancer association to the predetermined threshold (10%). However, years of

education did change the HR by13 % for postmenopausal breast cancer.

This is indicating a positive association between height and breast cancer incidence. However,
this relationship seems to be expressed differently across model types. In the age-adjusted
model we observe a difference in HR when comparing premenopausal (HR = 1.21(1.15-
1.28)) and postmenopausal (HR = 1.26(1.19-1.32)) participants. This difference between

stratifications flattens when observing the multivariable model.

4.1 Comparison to other results:

Choi et al. (2019) conducted a study with over 22 million participants linking several cancer
types to height, including breast cancer, marking it to be the largest sample size to date, used
to investigate the height and cancer association (Choi et al., 2019). The study found an
association between height and breast cancer, like our findings (HR: 1.16, 95% CI: 1.15-
1.17). On the other hand, the follow-up was relatively short. It had only a five-year follow
up time reducing the ability to establish temporality between exposures and a slow developing
outcome (prevalent cases was excluded), whereas our study did provide a longer follow-up,
passing beyond 20 years.

Van den Brandt et al. (2021) investigated through a pooled analysis of 20 cohort studies the
association between anthropometric variables, among them height, and the risk of various
classifications of breast cancer. Van den Brandt et al. (2021), observed risk ratios for
premenopausal (1.07, 95% CI: 1.04-1.10) and postmenopausal women (1.07, 95% CI: 1.04-
1.10), that reflects our findings of a positive relationship between height and overall breast
cancer. The authors performed a restricted cubic spline regression analysis, observing a linear
trend for the association (p value for test of non-linearity > 0.14) with no statistically

significant heterogeneity across cohorts (Van den Brandt et al., 2021).

(Ritte et al., 2013) There have not been any dedicated studies on height and breast cancer risk
in NOWAC, however subsamples from the NOWAC cohort (n = 35 311) have been used as
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part of the EPIC cohort(n = 306 600) (Ritte et al., 2013) investigated the association between
height, age at menarche and risk of hormonal-receptor-stratified breast cancer. An association
between height and breast cancer (HR 1.13, 95% ClI: 1.10-1.17) was found.

Horn et al. (2014) performed a cohort study among Norwegian postmenopausal women (n =

18 562, breast cancer cases = 969), finding an increased risk of 8% for breast cancer per 5 cm
increment (HR 1.08, 95% CI: 1.02-1.14). An earlier Norwegian study comparing the shortest
(< 162cm) and tallest women(>167cm) found an increased risk (RR: 2.5, 95% CI 1.2-5.5) for

taller women’s development of breast cancer. (Nilsen & Vatten, 2001)

In contrast to our analysis, the studies mentioned above did not adjust for confounders
between height and breast cancer, other than age. Our study is notable in that it has more
participants and a longer study duration in comparison to the Norwegian cohort studies
mentioned above, although several international studies have larger cohorts. Among these
studies, hypotheses regarding the link between height and breast cancer have been divided
into two groupings: direct effect and indirect effect (Giovannucci, 2019).

4.2 Direct Effect Hypothesis

The direct effect hypothesis (figure 11) suggests that adult attained height is related to organ
size (Giovannucci, 2019; Nunney, 2018), as the epithelial tissue lining the organs has a rapid
cellular turnover rate and thus there are more stem cells that can provide selfish-lineage
mutations (Nunney, 1999, 2018). The hypothesis presumes a causal link between all variables
and assumes the absence of confounding. In summary, the hypothesis proposes a direct
unbroken causal path from height to breast cancer risk (figure 11).

The research of Ward et al. (2022), which found an association between height and increased
mammographic total dense area (Ward et al., 2022), supports the direct effect hypothesis, as

mammary gland size increased with height.

Adult Attained Height Organ Size Number of stem-cells Number of Mutations Breast Cancer Incidence
Adult Attained Height  Organ Size  Number of stem-cells Number of Mutations Breast Cancer Incidence
AAH Breast Cancer incidence

Figure 11 — Causal Path between Adult Attained Height and Breast Cancer
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4.3 Indirect Effect Hypothesis

In contrast, the indirect effect hypothesis suggests that there are other causal factors either
causing(confounding) or mediating the height-breast cancer relationship (Giovannucci, 2019;
Michels & Willett, 2004). Most of the common risk factors are related to early-life growth
periods.

Serum IGF-1 concentration is one of the variables that is often proposed as having a core
physiologic role in both height ((Rosenfeld, 2003)), and breast cancer development ((Biro et
al., 2021; Rosenfeld, 2003)). Serum levels of several growth hormones, including IGF-1,
increase substantially during periods of growth. One of the primary actions of IGF-1 during
these periods, is to promote cell proliferation. As such, this opens “windows of susceptibility”
in which an increase in mitosis together with heightened suppression of apoptosis increases
the risk of genetic instability and cancer-promoting mutations (Biro et al., 2021). However, a
2020 study by Parra-soto et al. of 414,923 subjects in the UK biobank did not find any
mediating effect of adult serum levels of IGF-1 on the association between height and cancer
incidence, suggesting that any mediating effect of IGF-1 may be limited to early growth
periods. A mendelian randomization study linked common genetic factors and biological
pathways between height and breast cancer independently of IGF-1, indicating that IGF-1 is
not the sole explanatory factor for the height-breast cancer association (Parra-Soto et al.,
2020; Zhang et al., 2015).

In our analysis, we attempted to account for indirect effect variables described by the
literature as potential confounders of height and breast cancer (Figure 9). We performed
sensitivity analyses to quantify the influence each variable had on the overall model. While
we found that years of education decreased the association for postmenopausal estimates by
13% (Appendix 6), we observed limited (<10%) change for age at menarche, childhood body
shape and breast cancer in mother.

Years of education serves as a proxy for the socioeconomic status, assuming that parental
SES is predictive of educational level(Sirin, 2005). Socioeconomic status might be reflective
of better childhood nutrition and living conditions potentially contributing to increased
stature. A recent Norwegian descriptive study (Arntsen et al., 2023) investigated the growth
trends for height and educational levels across 10-year cohorts (born 1930-1977) and found
that height within cohort has been correlated to educational status. However, differences in

height between educational levels decreased with more recent cohorts, suggesting that
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increased standards of living could be central contributor to this trend (Arntsen et al., 2023).
Consequently, the effect of years of education (as a proxy for socioeconomic status) on height
and thus breast cancer risk may be minimized in developed countries due to an overall higher

standard of living.

In our study, body shape in childhood can reflect childhood adiposity. Increased childhood
adiposity has been linked to reduced incidence of pre- and postmenopausal breast cancer
(Byun et al., 2022), younger age at menarche (Cousminer et al., 2013; Li et al., 2017), and
increased adult stature (Cousminer et al., 2013). Byun et al. (2022) points out that this inverse
relationship between early life adiposity and breast cancer is unique compared to other female
oriented cancers (endometrial and ovarian) and that this is possibly independent of adult

adiposity, suggesting a unique mechanism for childhood adiposity (Byun et al., 2022).

Age at menarche has been consistently observed in the literature as having an inverse
association with overall breast cancer risk and positively with height (Osuch et al., 2010). An
EPIC study (Ritte et al., 2013) on breast cancer risk found an interaction between age at
menarche and height, and observed that tall women with early menarche, had a higher risk of
breast cancer then tall women with a late menarche. Schoemaker et al. (2017) suggest with
their observational study that age at menarche might be positively related to adult
mammographic density and density area, further supported by Ward et al. (2022), describing a
positive relationship between mammaographic density, age at menarche, and adult attained
height. A possible explanation for the association might be that breast development could be
reliant on the length of the interval, rather than timing of onset between thelarche and
menarche; where both are positively associated with increased adult mammographic density
(Ghadge et al., 2021). Though this association, to the extent of the authors knowledge, has not

yet been investigated in relation to adult attained height.

Genetic risk factors have been extensively related breast cancers through, mainly BRCAL and
BRCAZ2. This makes breast cancer in mother a strong predictor for breast cancer risk in their
daughters. However, mendelian randomization combined with a meta-analysis identified
several of the genetic predictors of height, and genetic predictors for breast cancer was shared
(Zhang et al., 2015), suggesting that height might mediate some of the risk observed in
between hereditary breast cancer.
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4.4 Strengths and limitations

The current study offered a large and representative sample of Norwegian women, paired with
a long follow-up and outcomes were delivered by national high-quality registries. For
covariate selection DAGs were used to identify potential confounding associations. Main
limiting factors is misclassification derived from questionnaire data, healthy participant bias

and the indirect nature of the covariates.

The sample is large and with the exclusion criteria, over 162 000 participants and were
included in the analysis. This provides substantial statistical power, instilling greater
confidence in our regression estimates. The NOWAC cohort sampled randomly throughout
the Norwegian population using women’s individual 11-digit social identification numbers
registered in the Norwegian population registry. Lund et al. (2007) found that participants
have a tendency to be highly educated, from the north of Norway and tend to be younger
(Lund et al., 2007). However, the sample overall is reported to be representative of the
Norwegian populations (Lund et al., 2007; Lund et al., 2003), and the distribution of
exposures was not significantly affected by response rates.(Lund et al., 2007). First-time
mailings response rates were for the periods 1991-1997 and 2003- 2006, 57% and 48.4%
respectively (Lund et al., 2007). Lund et al. (2003) investigated the responders of 1991-1997
mailings and found that the reported education and parity fitted with registry data and
lifestyle-factors did not differ significantly from non-responders(Lund et al., 2003). Our
outcome, breast cancer incidence, was derived from high-quality registry data from the
Norwegian Cancer Registry. The study design allows for establishing of temporality, as we
follow subjects over a period using passive follow-up. The current study provides a long
follow-up period (26 years at the most) which is crucial for the detection of cancer
development. Temporality aspect allows us to discuss the direction of the association, and the
length of the follow-up provides the analysis with more statistical power through the

accumulation of events.

A further strength to the study is the use of DAGs in its model building stage. DAGs have the
potential for reducing bias as they provide explicit causal context for statistical testing.
Sensitivity analysis is a powerful tool in establishing an influence of a covariate on the
relationship between exposure and outcome. Finally, explicit presentation of DAGs in
scientific work allows for easier reproducibility of the stated hypothesis, and clarity regarding

the nature of the model assumptions.
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This study has limitations increasing the risk of bias stemming both from the design and
within the analysis. All information on exposure and covariables were collected via a self-
administered questionnaire, making them vulnerable to misclassification as participants might
under or overestimate the true value. Further, variables such as body shape at first grade is
vulnerable to recall bias.

Our study is based on self-reported prospective data, being a voluntary effort there are
dangers of selection bias through healthy participant bias. We can assume that a healthy
individual is more willing to contribute to a study than a severely ill individual. Exposure and
outcome variables were gathered independently, but a strong limitation to the current study is
that all covariables are only measured at baseline, meaning the stratifying variable menopause
will be potentially biased as women that originally answered premenopausal, might reach
menopause during follow-up. Because of unrepresentative distribution of hormonal receptor
status due to potential error in the dataset, we were unable to investigate the height and breast
cancer by hormonal receptor status. When it comes to our overall model, lacking information
on childhood information like nutrition and socioeconomic conditions opens us up for
potential confounders that we were unable to control for. The intention to model de novo
cancer incidence limited statistical power due to the exclusion of subjects with prevalent

cancer.

4.5 Future Implications:

Our study adds on to the overall literature, where we observe an increased risk of breast
cancer associated with increased height, and a linear trend between height and breast cancer
risk. While we also adjust for relevant confounding variables. However, our study is limited

to investigating total effects models, based on available variables from the NOWAC study.

Future studies should emphasize further looking into direct effect models by investigating
potential mediation of height and mammographic density to further our understanding of

direct effect from height and breast cancer risk. R

Regarding the indirect effect hypothesis to further our understanding of the indirect effect
hypothesis; breast cancer risk and early life factors need increased focus, as information on
growths periods and childhood nutrition are important factors suggested by the unique roles
age at menarche and childhood adiposity has on breast cancer risk and their association with

height. Our understanding of IGF-1 and growth hormones needs to be further understood by
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long term prospective studies that allows observation through growth periods, leading into

post-growth periods and adult life.

Finally, all subject matters should consider using causal framework for their development of
statistical models. The further investigation into the height and breast cancer association could
be important for our understanding of tumorigenesis and improve screening methods by

understanding the causal link from anthropometric variables to breast cancer risk.

5 Conclusion:

Our study looked at the association between height and breast cancer risk. Our analysis found
that adult attained height is linearly associated with overall breast cancer incidence (HR: 1.22
(C195%:1.17-1.25), an association that is maintained, though modified, after stratification by
menopausal status. Evaluation of potential confounders showed that adjustment years of
education had the largest effect on hazard estimates in postmenopausal strata (13%), while
age at menarche, childhood body shape, and breast cancer in mother were limited in their

impact.

Height and breast cancer association is a well-documented topic, one for which the etiology
remains disputed. Our findings contribute to the cumulative results of previous observational
studies, and our study findings are consistent with these earlier findings. The most noteworthy
feature of this study, and its most significant contribution, is the causal framework being used
to critically appraise included variables. This framework allows for the combination of
subject matter knowledge and statistical methods, and transparently presents causal thinking
and its fundamental assumptions. As with many epidemiological studies, the indirect nature

of the variables involved limits the case for causal inference to the theoretical.
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Appendix 1

NOWAC variable list

Table 1 - Variable list

Variable group Variable 1D

Cancer Diagnosis code (ICD-10) LOK_ICD10_KKCA
Vital status VITAL_STATUS_KKCA
Date of emigration from the National Population Register EMIG_DATE_KKCA
Estrogen receptor status ER_STATUS_KKCA
Progesterone receptor status PR_STATUS_KKCA
Human epidermal growth factor receptor 2 status HER2 _STATUS_KKCA
Date of diagnosis DIAG_DATE KKCA

Death Date of death from the Norwegian Cause of Death Registry DEATH _DATE_DC_KKDT

Anthropometry Current self-reported body height HEIGHT_KK1ME

Reproductive history

Use of contraceptives

Use of postmenopausal
hormones

Family history of cancer

Beverages

Smoking
Physical activity

Socioeconomic conditions

General information

Current self-reported body weight
Self-reported body weight at age 18
Body shape at first grade.

WEIGHT _KKIME
WEIGHT _18_KKIME
BODY_SHAPE_KKIME

Age at menarche

Age at menopause

Total number of children
Age at first birth
Menopausal status

MENARCHE_AGE_KK1ME
MENOPAUSE_AGE_KK1ME
CHD_TOTAL_NUMBER_KK1DE
CHD_FIRST_AGE_MOTHER_KK1DE
MENOPAUSE_STATUS_KK1DE

Ever oral contraceptive use

OC_EVER_KK1DE

Ever menopausal hormone use
Current menopausal hormone use

MHT_EVER_KK1DE
MHT CURR_KK1DE

Has your mother been diagnosed with breast cancer?
Has your mother been diagnosed with breast cancer?
Have any of your sisters been diagnosed with breast cancer?

BR_CANCER_MOTHER_2_KK1ME
BR_CANCER_MOTHER_1_KK1ME
BR_CANCER_SISTER_KK1ME

Daily intake of alcohol in grams
Are you a teetotaler?

ALCO_INTAKE_GRAMS_KK1DE
TEETOTALER KKIME

Smoking status

SMOKE_STATUS_KKI1DE

Physical activity score at present

PHYSICAL_ACTIVITY_NOW_KK1ME

Years of education in categories

EDUCATION_YEARS CAT_KKI1DE

Age at enrolment

AGE_AT ENROLMENT KKI1DE
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Appendix 2
Initial DAG. All arrows were suggesting causal paths. Green arrows indicate causal path with
meta-analysis to support connection. Red arrows is not supported by literature. Causal path

related to both height and breast cancer was prioritized for investigation.
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Appendix 3

<
A SES
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Appendix 4

Covariable Details

Menopausal status:

Menopausal status is a derived variable based on several variables was measured in the
questionnaire based on the following questions: “Are you still having regular menstruation?”,
with the options to answer, “Yes”, “I have irregular menstruation”, “I don’t know”, “I am

using hormonal therapy” or “No”.

In addition, if the participant answered “No”, follow up questions was presented as: “Did
[menstruation] end by itself?”, “Have you had your ovaries surgically removed?”, “Have you

had your uterus removed?”, “other”.

Premenopausal
Perimenopausal
Postmenopausal

Missing Information
Hysterectomy Before age 53
Use of MHT before age 53

o g~ w nh e

The variable for menopausal status was recoded into a binary variable where premenopausal
was recoded into “1”, Missing Information was recoded into “NA” and all remaining
variables where coded “0”. Then “1” and “0” was labeled “Premenopausal” and

“Postmenopausal”, respectively.

Years of Education
Years of education were measured through self-reported data. Participants were asked “How

many years of education do you have in total?”. The participants replied in integers. NOWAC
then categorized the results into four categories. The variable was coded 1-4 by NOWAC, for

the analysis the variables were recoded to categorical variables.

1. <=9

2. 10-12
3. 13-16
4. >=17
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The variable was coded 1-4 by NOWAC, for the analysis the variables were recoded to

categorical variables.

Age at Menarche
All participant where asked: “At what age did you have your first menstruation?”.

As it already were a continuous variable, nothing was done to this variable.

Body shape at Childhood
All participant where asked: “What was your body type in 15t grade”. In the Norwegian school
system, student normatively attend 1% grade the year they turn six years old.

Very thin
Thin
Normal
Fat

Very Fat

> Lo PO

The variables where recoded into categorical variables corresponding to the categories

described.

Years of Education

Years of education were measured through self-reported data. Participants were asked “How
many years of education do you have in total?”. The participants replied in integers. NOWAC
then categorized the results into four categories. The variable was coded 1-4 by NOWAC, for

the analysis the variables were recoded to categorical variables.

Age at Menarche
All participants were asked: “At what age did you have your first menstruation?”.

As it already were a continuous variable, nothing was done to this variable.
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Appendix 5

testimplications <- function( covariance.matrix, sample.size {
library(ggm)
tst <- function(i){ pcor.test( pcor(i,covariance.matrix), length(i)-2, sample.size )$pvalue }
tos <- function(i){ paste(i,collapse="") }
implications <- list(c("Age at menarche",
"BMI",
"Adult Attained Height",
"Childhood Bodyshape",
"Years of education"),
c("Years of education”,
"Breast Cancer In Mother"),
c("BMI",
"Breast Cancer In Mother",
"Years of education”,
"Childhood Bodyshape",
"Adult Attained Height™))
data.frame( implication=unlist(lapply(implications,tos)),

pvalue=unlist( lapply( implications, tst) ) )
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Appendix 6
Sensitivity analysis of percentage change of effect estimates (HR) of covariable inclusion to

the multivariable model.

Covariate Overall Breast cancer Premenopausal Postmenopausal
Years of education 9,50 % 4,70 % 13 %
Age at menarche 5% 5% 8,70 %
Childhood Body shape 4,70 % 0% 0%
Breast cancer in mother 4,70 % 4,80 % 4,30 %
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