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ABTRACT  
 
 
 

Night-shift work, circadian genes and their interaction 
on breast cancer risk: evidence from a case-control 

study in Korean women 
 
 
 
 

Introduction 

Breast cancer is the most common type of cancer in women worldwide 

which accounts for 30% of all new cancer diagnoses in women. Higher risk 

of breast cancer in developed countries and rapid risk increment in 

developing countries have suggested that industrialization of societies is an 

important determinant of breast cancer risk. Night-shift work was classified 

into group 2A as probably carcinogenic for human in 2007. However, the 

relationship between night-shift work and breast cancer remained 

controversial due to the difference in study designs and implementation. 

Furthermore, several variants in circadian genes and melatonin pathway 

genes have been suggested relationships with breast cancer risk, and pointed 

out potential interactions of night-shift work and circadian genes in 

relationships with breast cancer.  

The main aims of this thesis are to contribute the knowledge into the 
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night-shift work and breast cancer association, and the mediate effect of 

genetic factors in the pathway of this association. Two main primary 

purposes therefore have been separately investigated in two studies, the first 

study -PART A- evaluated the association between night-shift work and 

breast cancer risk as well as subtypes of breast cancer in Korean women, and 

the second study -PART B- examined the variant difference in Asian and 

Caucasian population and explored the association between SNPs in genes of 

circadian regulation, melatonin pathway and breast cancer risk as well as the 

interaction of geneïgene, geneïnight work, and polygenic risk scores (PRSs) 

in Korean women.  

Methods 

In PART A, the study population included 1,721 female breast cancer 

cases and 1,721 female controls matched by age. The subtypes of breast 

cancer were determined based on estrogen, progesterone, and human 

epidermal growth factor receptor 2 statuses by reviewing pathology reports. 

All information related to covariates was collected by questionnaire. Odds 

ratios (ORs) for night-shift work experience, age at commencement of night-

shift work, frequency, and duration were estimated using conditional logistic 

regression, and were adjusted  for  confounders  such  as  parity  and 
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socioeconomic status-related factors. Turning to PART B, data was 

comprised 959 breast cancer cases and 941 controls. This is a subset 

population of PART A study, which was chosen based on the availability of 

blood samples and age-groups of participants. Information of night Shift 

work and other covariates was collected by a structured questionnaire. All 

demographic and socioeconomic information was taken from PART A study. 

Thirty-four SNPs in circadian genes, genes of melatonin biosynthesis were 

analyzed to assess the association with breast cancer risk by multiple logistic 

regression models, adjusted for potential confounders. Permutation testing at 

10,000 times and the false discovery rate were used as the multiple testing 

correction methods. Interactions of geneïgene and night-shift work were 

analyzed and adjusted by the false discovery rate only. 

Results 

In PART A, among 1,721 pairs, 10.58% of cases and 9.59% of controls 

had ever engaged in night-shift work. Night-shift work was not associated 

with breast cancer risk in terms of ever having night-shift exposure (adjusted 

OR was 1.11, 95% Confidence Interval [CI] = 0.89ï1.40), duration, 

frequency, or cumulative working time. The OR for >10 years of lifetime 

duration of night-shift  work  was 1.55 (95%CI=0.89-2.69, p=0.124).  In   
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addition, the OR for >35,000 hours for cumulative frequency of night work 

was 1.42 (95% CI=0.73ï2.74, p=0.304). There was no heterogeneity among 

ORs which represented the effect of ever having night-shift work and lifetime 

cumulative exposure of night-shift work on four subtypes of breast cancer.  

In PART B, our study population was different from Caucasian 

population investigated in previous studies in term of variant characteristic. In 

the main effects of each single nucleotide polymorphisms (SNPs) of gene to 

breast cancer risk, two loci CLOCK rs11133373, CLOCK rs3749474 were 

significantly associated with an increased breast cancer risk while the rest two 

loci TIMELESS rs2119882, MTNR1A rs2291738 reduced risk of breast 

cancer significantly. CLOCK rs11133373 associated with breast cancer risk 

even after FDR correction (OR=1.38 (95% CI 1.14-1.69, p-

permutation=0.001, p-FDR=0.042) in CG and CC compared to GG genotype. 

MTNR1A rs2119882 was reported for a decreased breast cancer risk for the 

first time (OR=0.75, 95%CI=0.61-0.91), p-permutation=0.004) in CT and 

CC compared to TT. Increased risk of breast cancer was observed in women 

who carried minor alleles in both CUL1 rs758880 and CLOCK rs11133373, 

both TPH2 rs11179000 and CLOCK rs10462028, both TPH2 rs4760750and 

CLOCK rs10462028, both CUL1 rs758880 and RORA rs1482057, or both 
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NPAS2 rs3820787 and RORA rs1482057. Risk of breast cancer was 

significantly increased at 2.76 times in women who carried one increment of 

minor risk alleles compared to women with homozygote by weighted PRS 

model. Night-shift work and breast cancer interaction was found in several 

loci. Night-shift work increased risk of breast cancer in women who carried 

heterozygote genotype of CRY2 rs2292912 (OR=1.98, 95%CI=1.14-3.44) or 

carried at least one minor allele of RORA rs1482057 (OR=2.20, 

95%CI=1.10-4.37). 

Conclusions 

Night-shift work including long-term and heavy exposure was not 

associated with breast cancer risk. Our study results supported a putative role 

of several loci in circadian genes, genes of melatonin biosynthesis in the 

development of breast cancer in shift working women. Additionally, 

interaction analyses suggest a potential relevance of CLOCK with CUL1 or 

TPH2, of RORA with CUL1 and NPAS2. Night-shift work was interacted 

with variants in CRY2 and RORA genes. Our results did not replicate 

published results in Western countries. Future well-designed studies should 

be conducted to provide the epidemiological evidence for the effect of night-

shift work on breast cancer risk, especially  for  heavy night-shift exposure,   
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and to confirm the interactions of night-shift work and genes in the relation 

with breast cancer in larger studies, especially in Asian population. 
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1. Introduction 

1.1. Background  

Night-shift work (NSW) is common in industrialized societies with a prevalence 

of about 14% in women in Western countries [1 2]. Light at night (LAN), which 

suppresses the nocturnal hormone melatonin, is suggested as main carcinogenic 

mechanisms. The International Agency for Research on Cancer (IARC) evaluated 

the carcinogenicity of NSW and classified it as a probable carcinogen to humans in 

2007 based on the results from epidemiological studies and biological plausibility 

including suppression of melatonin, modification of estrogen, or change in the clock 

genes expression [3]. At the time of recommendation, IARC identified that evidence 

of this classification in human being was ólimitedô, only based on eight 

epidemiological studies [3]. 

After the 2007 IARC evaluation, epidemiological studies have been widely 

implemented to evaluate the association between NSW and breast cancer. 

However, studies have shown varied results [2 4-18]. Findings from some 

studies showed an increased association between working night-shifts and risk of 

breast cancer in ever night workers [4], in women who worked for 20 or more 

years [5 6], in postmenopausal female workers [5], or in ñgraveyard shiftò 

workers [8], and a dose-response relationship was found in a meta-analysis [2], 

however, results from other analyses showed weak evidence or no association 

[11-14] and even protective relationship in ever night-shift workers compared to 
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day workers [15]. In addition, the evidence from a meta-analysis of ten large 

prospective studies with a total of 1.4 million women suggested a null 

association between NSW and breast cancer risk [16]. The most recent studies 

denoted no overall short-term effect of NSW on risk of breast cancer [17], but 

the effect was found in long-term rotating night-shift workers who performed 

shift work during young adulthood [18].  

In 2009, the IARC Working Group on shift work fields recommended 

investigators to take in account domains of NSW including shift system, 

particular non-day shift years, and shift intensity. Following IARC 

recommendation, recent studies intend to obtain information on NSW and 

confounders more comprehensively than older studies [19]. So far, it is believed 

that the heterogamous results from studies of NSW and breast cancer is 

contributed by the different definitions of night work and various methods in 

exposure assessment across studies [19 20], partly adjusted for different potential 

confounders [20], or different populations investigation [20 21]. Many published 

cohorts used incomprehensive surrogate doses outcome which was number of 

years of night shifts. In fact, many people do not work night shift every day of 

the year [20]. The missing of consecutive night shift information in combination 

with short-term follow-up of aging cohorts, and inability to adjust for 

confounders or detection bias may explain for null findings in some cohort 

studies [20]. Four cohort studies recently conducted in relatively large study 
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populations have not provided evidence of an association between night work 

and breast cancer risk [16 17]. In general, previous case-control studies are more 

effective in taking some domains of NSW into account, including intensity and 

frequency of night work than the cohort studies [20]. Furthermore, most of the 

epidemiological studies regarding NSW and risk of breast cancer were conducted 

in Western countries and only two studies have investigated this association in 

the Asian population thus far [11 12]. Both the studies were conducted in 

Chinese women and yielded null associations. Thus, in the Asian population, the 

remaining aspects regarding the association between NSW and breast cancer risk 

might include the inconsistency among published studies and limited amount of 

evidence. In addition, with reference to the different association of NSW 

according to hormonal receptor status of breast tissues [22 23], the differential 

effect of NSW according to hormone receptors needs to be explored in Asia as 

well.  

In term of the difference among population, knowledge of SNPs could 

facilitate to explain the different characteristics among populations and the 

underlying mechanisms of molecular evolution [24]. Circadian genes and 

melatonin pathway genes are demonstrated as candidates for increased risks of 

several diseases [25]. Some epidemiologic studies have investigated the NSW 

and circadian rhythm polymorphism association in relation with breast cancer 

risk [26-29]. All published studies analyzed the relationship between minor 
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alleles in the investigated clock genes or melatonin pathway genes and breast 

cancer risk by using dominant and additive models [25]. However, the 

significant finding in one study was not replicated in another study. The main 

conclusion is that, clock variants as well as melatonin pathway variants are 

significantly associated with breast cancer risk [22 25 27 29-31]. The regulation 

of specific miRNA effects and linkage disequilibrium among SNPs could explain 

for these various effects of these SNPs on breast cancer risk, and for the non-

replicated results in several ethnic groups. Even though the impact of NSW as 

well as its interaction with circadian and melatonin related-genes was established 

in Caucasian population, this relationship was not confirmed in Asian population. 

This could be explained by the diversity distribution of frequencies and 

expressions of clock genes among populations. Therefore, epidemiologic studies 

in Asian population regarding the effect of clock and melatonin pathway genes 

on the NSW and breast cancer association should be conducted to provide 

updated evidence. 

1.2. Objectives 

The main aim of thesis is to identify the effect of NSW on BC and address 

the genetic-related point in the causal pathway/ pathogenic. This work contained 

two major analyses of a two parts hospital based case-control study: PART A 

examines the association of NSW and BC in the initial study population, and 

PART B determines the association of SNPs-BC as well as SNPs-NSW 
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interaction.  

The first aim is to evaluate the association of NSW - BC as well as stratified 

the risk by shift intensity and breast cancer subtypes based on hormone receptor 

status in the Korean female population 

The second aim is to examine the individual effect of SNPs in clock genes, 

melatonin pathway genes as well as the combination effect of these SNPs on BC 

risk. For combination effect of SNPs, the gene-gene interaction and polygenic 

risk score on BC risk will be investigated. 

Third aim is to explore interaction between SNPs and NSW and to assess the 

heterogeneous effect of NSW on BC in each stratum of SNP. 

PART A was designed to solve the first aim while PART B was designed to 

address the second and third aims.  
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2. Comprehensive review of the investigated 

relationship 

2.1. Shift work definition and shift work burden in the world  

Shift work, which is included both night shifts and day-night shifts, is 

exposed by more than 17% of the total European Union working population [3]. 

Shit-work is highly engaged by workers in the health-care, industrial 

manufacturing, mining, transport, communication, leisure, and hospitality sectors. 

The average percentage of Shift work is quite identical in male and female, with 

most of the workers aged over 55 [3]. No detailed data regarding the NSW 

prevalence in Asian population was found. However, a survey conducted by the 

Korean Ministry of Employment and Labor (KMEL) reported that 11% of 

employees perform night work [44]. This proportion is likely to increase [45]. 

Korea has a lower prevalence but a greater amount of NSW per month and year, 

compared to Western countries.  

Definitions of NSW are various in labour law from country to country. 

However, in general, published studies defined NSW as a work which includes 

any daily working arrangement which is out of the standard daylight hours (7/8 

am ï 5/6 pm) [3]. For instance, definitions of night time ranging from 23:00 to 

06:00 in Germany and Finland, between 24:00 and 06:00 in Netherlands, and 

between 22:00 and 05:00 in Sweden. NSW in Korea is identified as work 
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between 22:00 and 6:00, according to the Labor Standard Act. Although the 

general definition is ñat least three hours of work between 00:00 and 05:00ò [3], 

this difference in definitions could lead to the various results of epidemiologic 

studies which were set up in different countries and in different population. 

Moreover, shift work is also divided into several types which reflect the working 

characteristics such as permanent or rotating, continuous or discontinuous, and 

shift work with or without night work [3]. The continuously increasing number 

of research on night shiftôs effects requires a consistent night work for 

superiority evidence regarding the biological effects of circadian disruption to 

health related problems in night workers [19]. 

NSW has negative effects on human biological adaption to the natural light 

and darkness cycles and causes health problems such as performance degradation, 

family and social life, sleep disorders, gastrointestinal diseases, cardiovascular 

diseases, and cancers [45]. The impact of NSW in health problem should be 

adequately assessed.  

 

2.2. Epidemiology of breast cancer in women 

Breast cancer is the most common type of cancer in women worldwide which 

accounts for 30% of all new cancer diagnoses in women [32 33]. It was 

estimated that there were 231,840 new invasive breast cancer cases and 40,290 
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breast cancer deaths occurring among USA women in 2015 [34]. From 2005 to 

2014, the slight increases of breast cancer incidence were observed at 0.4% and 

1.7% per year among Hispanic/ black and Asian/Pacific Islander women, 

respectively [32]. Breast cancer incidence in developed countries is higher while 

the mortality is high in less developed countries [35]. Increased incidence and 

improved treatments dragged the high prevalence of breast cancer patients [35]. 

The death rate to incidence ratio of breast cancer in Asia-Pacific countries and 

the world is 0.27 to 0.30 respectively [35]. Korea is one of countries in the list of 

developed region which have relatively high incidence and lowest mortality. The 

age standardized incidence rate of breast cancer in Korea is predicted at 52.8 per 

100,000 women in 2018, while the age-standardized cancer mortality rate of 

breast cancer was 5.5 per 100,000 women, in 2015 [36]. 

 In general, breast cancer incidence is different among regions because of the 

difference in risk factors, levels of education, average life expectancy, screening 

programs, and cancer registration in each country [35]. The established risk 

factors for breast cancer are unhealthy lifestyles, early menarche, late menopause, 

nulliparous, use of oral contraceptive or hormone therapy treatment, obesity after 

menopause, alcohol consumption [35]. Other prospective studies have shown 

that high concentrations of endogenous estradiol are associated with an increase 

in risk [37]. In contract, breast-feeding, early first birth and a larger number of 

births can be protective factors [35 37]. Furthermore, mutations in certain genes 
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(BRCA1, BRCA2, P53, PTEN and ATM) accounted for a minority of breast 

cancer cases [37]. Some polymorphisms that might confer a small increase in 

breast cancer risk and breast-cancer risk may be determined by the combined 

effect of many low-risk polymorphisms [37]. The effect of mutations on breast 

cancer is confirmed in the many future studies. 

Epidemiological studies of breast cancer tend to target to disease etiology of 

each subtype. Menopausal breast cancer [38], premenopausal BC [26 39], 

molecular (estrogen/ progesterone) breast cancer subtypes [23 40 41] are likely 

to be targeted in the recent studies because of the difference in treatment benefits 

for each subtype group. Breast cancer subtypes are classified into four subtypes 

based on the receptor status: luminal A (ER and/or PR positive and HER2 

negative), luminal B (ER and/or PR positive and HER2 positive), HER2-

enriched (ER and PR negative and HER2 positive), and triple-negative (all 

receptors negative) [42]. Luminal A cancers are low-grade, tend to grow slowly, 

have the best prognosis with high survival rates. Luminal A accounts for the 

majority of breast cancers (40%). HER2 enrich as well as triple-negative tumors 

grow and spread more aggressively. Luminal B tumors generally grow slightly 

faster and have a worse prognosis than luminal A tumors [23]. The diverse risk 

factor and pathological features makes breast cancer become an etiologically 

heterogeneous set of diseases with different genetic and environmental 

determinants [43]. 
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2.3. Shift work and cancer, and with breast cancer 

 

2.3.1. NSW and cancer  

Since ñshift work that involves circadian disruptionò was classified into 

group 2A of carcinogenic to humans, and evidence of this classification was 

ñsufficient evidence in experimental animalsò and ñlimited evidence in humansò, 

many efforts were made to address this issue [3]. IARC had conducted a working 

section to make recommendation on shift work study implementation. After then, 

several findings were suggested from observational epidemiologic studies. 

However, breast cancer was mainly referred in existing epidemiologic studies in 

particular [3]. 

2.3.2. NSW and breast cancer studies 

Up till now, the number of published studies investigated regarding this topic 

is 28, including 12 cohort, 14 case-control studies, and two case-cohort studies 

[20] [19]. In addition, one updated study was conducted based on two 

independent Nurse Health cohort studies and extended the follow-up time to 14 

years [46]. Several epidemiologic reported the association between NSW and 

breast cancer although the magnitude of association is not substantial or not 

statistically significant. It is not clear to conclude for a dose-response 

relationship between time exposure and risk of breast cancer [2 10]. So far, it is 

believed that the heterogeneous results from studies of NSW-BC is contributed 
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by the different definitions of night work and varied methods in exposure 

assessment across studies [19 20], partly adjusted for different potential 

confounders [20], or different populations investigation [20 21]. For evaluation 

and contrast, the general information of several studies included name of studies, 

study population, study design and the OR/RR and 95%CI were presented in 

Supplementary 2-1. However, most of the epidemiological studies regarding 

NSW and risk of breast cancer were conducted in Western countries and there 

have been only two studies that investigated this association in the Asian 

population thus far [11 12]. Both the studies were conducted in Chinese women 

and yielded null associations.  

Cohort studies 

The 2007 IARC evaluation regarding effect of NSW on breast cancer 

included three cohort studies [14 38 47]. Two out of three studies found an 

increase of breast cancer risk with ORs of 1.36 (95%CI=1.0ï1.78) [38] and 1.79 

(95%CI=1.06ï3.01) [47] among nurses with more than 20ï30 years of night 

work. These studies were also evaluated the strongest evidence for the 2007 

evaluation. After IARC evaluation, nine cohort studies have been published. 

Statistically significant risks were found in two general population studies [48 49] 

and the extended follow-up of nurse study [46], however, not found in other 

studies. Four cohort studies showed an increased breast cancer risk in women 

with long-term exposure with night work. Unlikely the positive findings, a three 
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large UK cohort and meta-analysis of prospective studies found no association 

between NSW and risk of breast cancer [16]. A 2008ï2012 study in nurse based 

on payroll data from Denmark hospitals also concluded no evidence of an 

association even for high cumulative NSW. Two relative large cohorts from 

Shanghai, China reported null results and suggested that Asian ethnicity is less 

vulnerable to circadian disruption [11 12]. 

The tendency of recent studies was to obtain information on NSW and 

confounding factors more comprehensively than older studies [19]. However, as 

all existing cohort studies, they were still designed for other purposes rather than 

investigating the night work and breast cancer association, therefore, NSW 

information was superficially obtained in these studies and imprecisely answered 

NSW related questions. These challenges in NSW classification will be 

discussed in next section. 

Case-control studies 

Among fourteen case-control studies up to date, seven were population based 

case-control studies. Other populations focused nurses, radio and telegraph 

operators, and military employees [19]. Six out of fourteen case-control studies 

showed significantly increased breast cancer risk in high intensity and frequency 

of night-shift workers, other studies observed null findings [4 19 20 41 50 51]. 

Even after 2007 IARC recommendation, the diverse of findings were still 

observed. Breast cancer risk was observed with increased trends among Danish 
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nurses ever having worked [52] or risk of breast cancer in France women with 

4.5 or more years exposure [53] or the positive finding (OR=1.12, 95%CI=1.00ï

1.25) in female workers in many countries included Australia, Canada, France, 

Germany, and Spain [54]. Other studies found no evidence or no association of 

NSW on causing breast cancer. 

Some interesting results regarding breast cancer subtypes, different hormonal 

subtypes and menopausal status was derived from case-control studies. After 

night work, risk of premenopausal breast cancer was increased [55]. Night work 

was suggested to have significant effects on the human epidermal growth factor 

positive (HER2+) breast cancers [23]. Therefore, the difference in age, 

menopausal status, hormonal breast cancer subtypes has been suggested for some 

heterogeneity in results. 

Evidence from experimental animal studies  

Overall, there was ñsufficient evidence in experimental animals for the 

carcinogenicity of light during the daily dark period (biological night)ò [3]. Over 

50 animal experiments which simulated the environmental light-dark schedules 

have been conducted regarding to (a) rodents in normal regimens of light with 

carcinogen exposure, (b) keep light or darkness constantly, (c) jet lag models, 

and (d) causing mutations in clock genes. Positive findings of these studies 

denoted some biological aspects of circadian disruption in breast cancer risk [3]. 
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2.3.3. NSW and breast cancer subtypes 

Consideration of the association of NSW and hormonal receptor status of 

breast subtypes has been made in only a few studies and findings remain 

controversial [5 23 39 53 55-57]. Regarding the ER/ PR breast cancer studies, 

longer duration of rotating night shift was associated with a moderate increase in 

risk of ER positive breast cancer, but no association was seen for ER negative 

tumor [38]. Women who had worked at night with more than 6 consecutive night 

shifts for more than 5 years have increased risks of hormone receptor-positive 

tumors, particularly PR positive tumors [53]. Shift work was found to be strongly 

associated with ER and/or PR positive breast cancers [22 55]. However, NSW 

lasting Ó20 years has statistically significant association with ER-negative 

tumors in another case-control study [27]. In term of HER2 enriched tumors, 

similar risks were found in both HER2 negative and HER2 positive tumors [55], 

or statistically significantly elevated OR was seen for tumors that were positive 

both for HER2 and for ER or PR [23].  

2.4. Challenges in shift work exposure assessment 

One of challenges in measure and assessment of shift work is the various 

NSW definitions among countries around the world as describe above. Other 

challenges relates to prevalence and amount of night work assessment which are 

critical domains to be considered regarding to biological perspective. It is then 
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possible to estimate the effect of different exposure levels on human health [3]. 

After releasing a monograph as well as recommendation for NSW classification, 

IARC working group had also recommended the comprehensive assessment for 

NSW that should be focused in future epidemiological studies: (1) shift system 

(regular or irregular, start time of shift, rotating or permanent, number of hours 

per day, (2) particular years of night shift (overall/ cumulative exposure to the 

shift system during lifetime); and (3) shift intensity [58]. In response to this need, 

many authors attempted to capture these shift work characteristics in their 

epidemiologic studies. Two main strategies obtaining information concerning 

shift work history have been used. Some studies have used self-report methods 

based on questionnaire or interview [16 38 46 47 50], while others used a job-

exposure matrix-based or job database approach [4 11 12 14 51]. Detailed 

approaches of each study were listed in Supplementary 2-1.  

Using by many authors, self-report have advantages in taking specific shift 

work data in each object lifetime. The past exposure by frequency and intensity 

could be recorded. The limitation of this method is the occurrence of exposure 

misclassification due to recall bias. Even though job database method can limit 

the recall bias, but misclassification of NSW could be occurred. A typical case is 

that, without data obtained directly from study participants through self-report 

methods, some women reported for 10-years working may not truly being 

exposed NSW more than one day per week during their 10-years working. In 
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contrast, women who worked 5-years with night shift and truly exposed with 5 

days per week could be classified in to a moderate group. 

Despite these IARC recommendations, many existing cohort studies only 

assessed the intensity of NSW based on number of working years [20]. Typically, 

participants were asked ñHow many years have you worked with night shifts?ò. 

The bias was pronounced due to missing of consecutive night shift information 

combined, short-term follow-up, and inability to adjust for confounders [20] [58]. 

Even in very large cohort study of UK population had limitation on shift work 

classification. The limitation of the largest Million Women cohort studies was 

age of 68 years in participants when the shift work questions were asked [16 59]. 

The shift work occurring in women stopped before start of following-up and 

questionnaire. The assessment of risk after cessation of shift work makes study 

suffer severe exposure misclassification.  

These results denote the importance of taking into account the 

comprehensive domains of NSW in future epidemiologic studies. 

2.5. The NSW and BC linking  mechanisms 

The biological mechanism by which NSW influences breast cancer risk is 

remained controversial. Several mechanisms all described the circadian 

disruption which is a results of NSW such as reduced production of melatonin, 

phase shift, sleep disruption, lifestyle factors, and lower vitamin D [60]. To date, 

melatonin hypothesis is the mechanism has been mentioned frequently in 
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literature, which means a reduction in nighttime melatonin in people exposure 

with environmental LAN could contribute to the increased breast cancer risk [60]. 

In humans, melatonin, the neuro-hormone of the pineal gland, is the principal 

hormne which convert the light-darkness signals from the eye to all the body [3]. 

The following elements will be involved in the NSW and breast cancer 

linking: NSW, circadian disruption, melatonin level, and breast cancer. These 

elements are described in detail by showing the molecular mechanism to explain 

(1) how NSW effect the circadian rhythms regulation, (2) how circadian 

disruption and/or NSW could lead to melatonin suppression, and (3) by which 

mechanisms melatonin level can increase breast cancer risk. Figure 2.1 shows 

the summary of mechanism related to these elements. The epidemiologic 

evidence will also be described parallelly to provide the evidence in clinical 

approaches. 

 

Figure 2. 1. Possible mechanisms of anti-tumor action of melatonin in breast 

cancer 
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(P. Kubatka et al./ Critical Reviews in Oncology / Hematology 122 (2018) 

133ï143). While MT 1,2, melatonin receptors; Gi, G protein inhibitory; SEEM, 

selective estrogen enzyme modulator; SERM, selective estrogen receptor 

modulator; PPAR, peroxisome proliferator-activated receptors; RXR, retinoid 

X receptor. 

 

2.5.1. NSW (or LAN ) on circadian disruption 

NSW changes the sleep-wake behaviors, hence, change the circadian 

disruption. Circadian rhythms persist in the absence of time cues and are 

coordinated by an internal biological clock placed in the suprachiasmatic nuclei 

(SCN) of the brain hypothalamus [61]. The light dark cycle acting partly via a 

novel retinal photoreceptor system severed as the most important signal for 

maintaining a 24 h period [61]. Change in time zones or working time can alter 

the light exposure, which means change time cues. The central clock adapts 

slowly to a rapid shift in work time or time zone. The circadian adaptation is 

more difficult  for night workers who expose constantly to external synchronizers 

promoting a day-oriented schedule [62]. During the process of adaptation, 

endogenous rhythms are out of phase with the external environment and 

circadian rhythms are altered. Chronodisruption, a terminology of circadian 

disruption, occurs in night-shift worker who continuously exposure to LAN and 

attempt to sleep at daytime. However, the circadian physiology substantially 

affects an individual tolerance to working shifts [62]. A partial entrainment to 

night work would occurs in less than 25% of this population, and more than 72% 

of them would not adapt to circadian changes. The degrees of circadian 
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entrainment to NSW are affected by the work schedules, quality of sleep, their 

age, and health status of workers [62]. 

2.5.2. Circadian disruption  and NSW on melatonin level 

Melatonin is so called a darkness hormone, which is secreted from the pineal 

gland. Melatonin plays as a marked circadian rhythm, peaking at night during the 

middle of the sleep episode and are undetectable during the day, circulating 

concentrations are high from 21:00 to 07:00 h with large individual variations 

[61 62]. It also serves as a biomarker of circadian rhythms. A night-shift worker 

who with disrupted circadian clock, having a day mode at night, will secrete 

melatonin during work hours. Melatonin production at night was suppressed by 

light in sufficient intensity [61].  

Several studies measured melatonin levels in the blood or urine and 

examined the association between NSW and melatonin level. Data from the 

Nurseôs Health Study II showed a significant association between increased night 

work expose and decreased urinary melatonin levels [63]. The level of 6-

hydroxymelatonin sulfate (aMT6s) in urine which was the primary melatonin 

metabolite in urine were lower in day workers compared to shift workers [64]. 

However, another author found that shift work was not related to melatonin 

levels [66]. Furthermore, results from a study among rotating shift nurses were 

different before and after stratifying by shift types and revealed the fact that the 

ways and times urine samples obtained may have some effects on the overall 
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results [67].  

2.5.3. Melatonin and breast cancer 

During the natural darkness of night, peak levels of melatonin are produced 

in pineal glands at night. Reduced melatonin production has been reported 

among night shift workers [3]. Melatonin has significant anti-tumor activities as 

findings in preclinical studies and has been shown to be in the pathways of breast 

cancer to cancer [3 20]. Moreover, a study was found a lower risk of breast 

cancer in women who had higher levels of melatonin metabolites in comparison 

with lower levels [68]. Furthermore, Blask et al. conducted an experimental 

where LAN exposure was found to decline melatonin levels and to increase the 

development of human breast cancer cells [69]. The melatonin concentrations 

has also been found to decrease the motility in MCF-7 breast cancer cells [3]. 

Melatonin inhibit cancer development through directly free radical scavenging 

effects [3]. The pretreatment of melatonin significantly reduces the DNA damage 

in rat liver tissues. The possible mechanisms of anti-tumor action of melatonin in 

breast cancer were displayed in Figure 2.1 [70]. Melatonin can act through its 

binding to either high-affinity MT1 or low-affinity MT2, which are two Gi-

protein (GiŬɓɔ)-coupled plasma membrane receptors, and inhibit adenylate 

cyclase. After that, the consequent reduction of cAMP levels leads to series of 

response: reducing cell proliferation, it has pro-differentiation, anti-metastatic, 

pro-apoptotic, anti-angiogenic, anti-oxidant/anti-mutagenic, and immuno-
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enhancing effects. The response could explain the effect on tumor formation 

inhabitation of melatonin [70]. Melatonin can also influence hormone estrogen 

and estrogen receptor (ER) activities, therefore, leading to breast cancer [25]. 

The relationship between melatonin and cancer was also examined in 

epidemiologic studies. Breast cancer risk was demonstrated to be associated with 

the highest quartile of melatonin production in premenopausal women with ORs 

of 0.59 (95% CI=0.34ï1.00) [71] and 0.62 (95% CI=0.41ï0.95) [72]. 

Epidemiologic findings suggested an reverse relationship of melatonin levels and 

breast cancer risk, however, many aspects of the dynamics of melatonin 

reduction pattern are still unclear and thus a causal relationship could not be 

confirmed [60].  

  

2.6. Genetic features related to NSW and BC  

2.6.1. Clock genes and breast cancer 

Shift work suppresses the expression levels of core clock genes and changes 

geneôs behave differently, therefore, exposing circadian dysrhythmia adversely 

affects health-related problems, specially breast cancer [73]. There are more than 

twenty core clock genes have been determined in controlling circadian rhythm 

and taken into account in the relationship with breast cancer, including BMAL1, 

CLOCK, NPAS2, PER1, PER2, PER3, CRY1, CRY2, ARNTL1, PER1, PER2, 
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PER3 , CRY1, CRY2 TIMELESS, CSNK1A1, and TIMELESS [25]. These 

genes have been found first in the SCN and in peripheral oscillators after. 

Detailed information regarding clock gene and name of investigated studies is 

displayed in Supplementary 2-3.  

The coordination of circadian rhythms are though protein levels via 

expressions of circadian genes in 24-hour cycle loops of positive and negative 

feedback. More specifically, negative and positive intracellular feedback loops 

are formed by positive clock regulators (BMAL1, CLOCK, NPAS2) and 

negative clock regulators (PERs and CRYs). The heterodimers created by 

positive clock regulators (namely CLOCK/BMAL1, or BMAL1/NPAS2) bind to 

the E-box elements in regions of negative clock genes, influencing to an 

increased gene transcription [25]. Other clock transcription factors, like DBP, 

RORA, RORB, RORC, NR1D1, NR1D2 can modulate the promoter regions of 

negative clock genes included D-boxes, E-boxes, RORE, and cAMP [74]. The 

increased transcription of PERs and CRYs accumulates PER and CRY in the 

cytosol. PERs and CRYs are protein generated by PER and CRY genes. PERs 

are phosphorylated and being translocated back into the nucleus and inhibit the 

activity of CLOCK/BMAL1 or BMAL1/NPAS2 heterodimers, preventing 

further expression of PER and CRY genes. The phosphorylated PERs and CRYs 

are de-actived and BMAL1 transcription is de-repressed. The interaction of these 

feedback loops allows for higher levels of BMAL1s and low levels of PERs and 
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CRYs that start the next circadian day [74]. A new regular loop is created in the 

new day, this allows genes involve in driving twenty-four-hour cellular rhythms 

and regulating the biological clock. In addition, other genes (TIMELESS, DEC1, 

DEC2) also have important roles in the molecular clock through many cellular 

processes and complex behaviours in peripheral tissues. These genes produce 

proteins that independently intersect the clock cycle, and response to DNA 

damage. Several author suggested the involvement of circadian in several critical 

molecular processes which may alter carcinogenesis like repair of DNA damage, 

cell proliferation, genomic stability maintenance, inflammation, oxidative stress 

[25]. In night-shift worker, clock genes expression in peripheral blood cells 

slowly adapts to the shifted sleep/wake schedule, with a period more than a week 

[62]. 

In terms of breast biology, clock genes have been found in breast epithelium, 

and daily rhythmic changes in the expression of clock proteins BMAL1 and 

PER2 are discovered. Other findings showed that during late pregnancy and 

lactation periods, BMAL 1 and PER1 levels increase and PER2 levels decrease. 

The expressions of clock genes are controlled by both breast cellular 

micoenvironment and breast tissues. Disruption of clock gene change its 

expression might increase risk of breast cancer [74]. Change in clock gene 

expression resulting in circadian disruption and melatonin levels in serum is one 

of explanation for increasing breast cancer risk. Alternative explanations are 
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made based on effect of genes itself. The drops in PER gene expression 

contributes to malignancy, occurring through inhibiting E-box-mediated 

transactivation by BMAL1/NPAS2, and via methylation the PER promoter 

regions, leading to loss of PER2. PER1 and PER2 play integral roles in 

promoting apoptosis by interacting with checkpoint proteins ATM and Chk2. 

Reduce of PERs exhibits the decrease of apoptosis, and accumulation of 

damaged cells [75]. In contract, overexpression of PER1 make human cancer 

cells be sensitized to apoptosis [75]. Additionally, NPAS2 is also reported for 

repressing significantly expression of several genes involved in DNA repair 

processes and PER and CRY proteins also impact tumorigenesis via the cell 

cycle [74]. Moreover, circadian clock can also link to cancer risks through cell 

metabolism, specially through the AMP, ADP, ATP state. 

In terms of findings in human being, circadian genetic polymorphisms 

altering circadian rhythms and gene expression have been proven as a molecular 

candidate for circadian related disease risk [25]. Some epidemiologic studies 

have investigated the NSW and circadian rhythm SNPs interaction in the 

relationship with breast cancer risk [26-29]. All over 15 published studies [25], 

only 5 studies indicated impacts of NSW on the circadian genes SNPs and breast 

cancer risk association. Detailed information for these 5 studies is described in 

Supplementary 2-2-2.3. However, the sinificant findings in one study were not 

replicated in another study, the main conclusion is that, clock variants 
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significantly associated with breast cancer risk [25].  

Findings referring to negative clock regulators (BMAL1, CLOCK, NPAS2) 

showed that, three SNPs in BMAL1 included rs3816358, rs2278749, rs3816360 

significantly associated with breast cancer risk [22 27 29]. Women who had at 

least one minor allele of BMAL1 rs3816358 were statistically significantly 

reduced breast cancer risk compared to those with two major alleles in dominant 

model (OR = 0.82, 95%CI=0.69ï0.97) [27], while increase one minor allele of 

BMAL1 rs3816360 created a risk of 1.24 (95%CI=1.06-1.45) in Canada 

population [22]. Findings for CLOCK polymorphisms, rs3805151, rs11932595, 

rs7698022, rs1801260, rs1048004 have been found with increased risk, while 

rs11133391, rs6850524, rs13102385, rs3749474 decreased risk of overall or 

ER/PR-negative breast cancer [26 30 42]. The results for CLOCK rs11932595 

was a protective effect of postmenopausal breast cancer. Minor CLOCK 

rs11932595 allele was found as protective factor in one study (OR = 0.74, 95% 

CI: 0.64ï0.86) [26], however, as a risk factor of breast cancer (OR = 1.43, 95% 

CI: 1.07ï1.91) in another study [30]. Even though investigated CLOCK locus 

significantly elevated breast cancer risk, but the results were various among 

studies. Furthermore, finding for twelve NPAS2 locus revealed the significant 

association with breast cancer, increased risks were reported in several locus 

(rs1016597, rs965519, rs1167419, rs895520 [76]) and decreased risks were 

denoted in other study (rs356642, rs1561002, rs2043534, rs1369481, rs1811399, 
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rs1542179, rs2305159, and rs1262205 [22 76]) risks of breast cancer. 

Among positive clock regulators, minor allele of CRY1 rs11113179 was 

linked to breast cancer risk [22]. Three CRY2 SNPs including rs1401417, 

rs11038689, rs7123390 significantly associated with decreased breast cancer 

risks [42]. Minor homozygote genotypes of PER1 rs3027188 and PER1 

rs2253820 were also found to reduce breast cancer risk [22 25]. Minor allele of 

TIMELESS rs7302060 and rs2291738 were denote to the reduce risk of breast 

cancer with ER/PR-positive [77]. 

Furthermore, studies with different ethnic groups showed the different results 

regarding effect of clock SNP in breast cancer. The frequency distribution of 

clock gene was reported to be significant differences among African Americans, 

Han Chinese, European Americans, Ghanaians, and Papua New Guineans [78]. 

Therefore, the impact of NSW as well as its interaction with circadian and 

melatonin related-genes on non-Caucasian population are needed to confirm, 

also, the research findings should be considered with caution. 

Furthermore, the clock and melatonin polymorphisms could affect expression 

of other genes, protein function and protein-protein interactions [29]. This could 

be defined as gene-gene interaction. The effect of SNPs on breast cancer risk 

may be altered by other SNPs, gene-gene interaction should be considered in the 

association with breast cancer. Interaction in three genes, 

MTNR1B/NPAS2/ARNTL, was observed and suggested a role of the melatonin 
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receptors in the regulation of circadian rhythm [27]. The author suggested that 

geneïgene interactions should be cautiously interpreted. 

2.6.2. Melatonin pathway genes and cancer 

There are three genes largely responsible for regulating melatonin pathway: 

MTNR1a, MTNR1b, and AANAT. These genes encode one of two high affinity 

forms of a receptor for melatonin and respond for mediating the downstream 

effects of melatonin [31]. The MT1 and MT2 melatonin receptor encoded by the 

MTNR1A and MTNR1B genes, respectively. Melatonin via binding and 

activation of the MT1 and MT2 - receptors, then MT receptors showed the anti-

oncostatic actions in human breast cancer cells [79]. Over expression of the MT1 

receptor can enhance the anti-proliferative effects of melatonin on breast cancer 

cells. In contract, its effects are reversed by MT receptor antagonists. Molecular 

mechanism related to AANAT and other melatonin pathway genes has not 

shown in literature. 

Epidemiological findings from a study include 23 SNPS in the MTNR1a, 

MTNR1b, and AANAT genes showed that MTNR1a rs10765576 was 

significantly associated with a decreased breast cancer risk under a recessive 

model (OR=0.78, 95% CI=0.62ï0.97, p=0.0281) and all SNPs in 

the AANAT  gene were not associate with breast cancer risk [31]. MTNR1A 

rs11728777 was found to significantly increase risk of breast cancer (OR=1.18, 

95%CI=1.02ï1.37) in European subgroup [22]. 
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2.6.3. Gene ï environmental interaction in NSW ï BC linking  

A complete adaptation of the circadian disruption to NSW would only occur 

in a minority (Ò 3%) of workers even if they work on a fixed night shift schedule 

[62]. Circadian rhythms which substantially affects an individual Shift work 

tolerance could be altered by factors such as gene-environment interactions [62]. 

Only three authors considered about NSWNSW ï gene interaction when 

assessing the association between NSW and breast cancer, however, NSW has 

been treated as modifiers in these studies [26 28 29]. On the basis of 

epidemiological principles, the genetic factors, which is un-modifiable factors, 

should play as modifiers [80]. Furthermore, published results were non-

duplicated, in another word, the findings in one study was not replicated in 

another study.  

Marginally significant interactions with shift work with respect to breast 

cancer risk were detected for rs4388843 in MTNR1B and rs11894535 in PER2 

[22]. Monsees et al. reported that NPAS2 rs23051560 strongly associated with 

breast cancer risk [28]. No interaction term was statistically significant after FDR 

correction in a study [26]. Another author pointed out that rs8150 plays an 

important role in breast cancer progress and interacts significantly with shift 

work [27]. Women who worked three consecutive night shifts and carried at least 

one risk allele in certain SNPs in genes of CLOCK, NPAS2, BMAL1, BMAL2, 

ROR-b, ROR-b, MTNR1A, CSNK1E, and PER3) had higher risk of breast 
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cancer compared to those without NSW and risk alleles [29]. 

2.6.4. Modeling conception of genetic association study analysis 

HardyïWeinberg Equilibrium (HWE) is a fundamental principle in 

population genetics, states that if two alleles, M and m, with frequencies p and q 

= 1 ï p, are in equilibrium in a population, then the genotype frequencies MM, 

Mm and mm will occur in the relative proportions p2, 2pq and q2 [81]. HWE is 

used in genetic association studies to search for possible polymorphisms 

associated with the disease among cases, and to serve as a proxy for study 

quality among controls [81]. Significant deviations from HWE in controls are 

often associate with issues in designing and conducting genetic association 

studies particularly consequence of population stratification, genotyping error or 

selection bias [81-83]. Detection of deviations from HWE in controls is still a 

relevant method for checking genotyping quality [83]. HWE at the level of <0.05 

is used as a cut-off point of statistically significant deviation [81]. 

Linkage disequilibrium (LD) refers to the population correlation between two 

(usually nearby) allelic variants [84]. LD of two SNPs was calculated by r2 

which means the correlation between marker alleles. An r2 of 1 indicates that the 

two markers are perfectly correlated and an r2 of 0 indicates that the two markers 

are completely independent [83]. LD information is often used to estimate the 

effective number of independent SNPs before taking multiple testing adjustment 

[84]. 
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In genetic association studies, a risk factor for case versus control status is 

the genotype or allele at a specific SNP [84]. Standard models that imply a 

specific relationship between genotype and diseases include codominant, 

dominant, recessive, and log-additive models [84 85]. The most common type of 

allele variation, SNPs, composes by a major allele (M) and a minor allele (m). A 

dominant model compares MM versus Mm + mm, and a recessive model 

compares MM + Mm versus mm. A codominant model compares each of MM 

and Mm versus mm and a log-additive model hypothesizes that mm, Mm, and 

MM are associated with the highest, the intermediate, and the lowest risk, 

respectively. The association could be inversed respectively [85]. 

Multiple testing correction is a method to control type I error, also called the 

significance level or false-positive rate in genetic association studies [84]. Not 

only GWAS but also candidate gene case-control association studies, 

consideration of correcting for multiple testing should be taken especially where 

polymorphismsô functional significance remains unclear [86]. There are several 

multiple test corrections such as Bonferroni corrections, Bayesian statistical tests, 

false discovery rates (FDR) correction, permutation correction. 

PRS (polygenic risk score) is a value which summarized the combined effect 

of several SNPs. An unweighted PRS is calculated by sum of disease alleles at 

locus for each individual. A weighted PRS summarizing the risk effects of 

several loci (SNPs) was calculated for each individual using the following 
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formula: В ÁÌÏÇ/2, where n is the number of loci included in the model, a 

is the number of disease alleles at locus, i and OR is the corresponding per-allele 

odds ratio for breast cancer [87].  

 



32 

 

3. NSW and risk of breast cancer in a case-control 

study in Korean women 

 

3.1. Abstract 

This study evaluated the association between NSW and breast cancer risk as 

well as subtypes of breast cancer in Korean women.  

The study population included 1,721 female breast cancer cases and 1,721 

female controls matched by age. The subtypes of breast cancer were determined 

based on estrogen, progesterone, and human epidermal growth factor receptor 2 

statuses by reviewing pathology reports. Odds ratios (ORs) for NSW experience, 

age at commencement of NSW, frequency, and duration were estimated using 

conditional logistic regression, and were adjusted for confounders such as parity 

and socioeconomic status-related factors.  

Among 1,721 pairs, 10.58% of cases and 9.59% of controls had ever engaged 

in NSW. NSW was not associated with breast cancer risk in terms of ever having 

night-shift exposure (adjusted OR was 1.11, 95% C] = 0.89ï1.40), duration, 

frequency, or cumulative working time. The OR for >10 years of lifetime 

duration of NSW was 1.55 (95%CI=0.89-2.69, p=0.124). In addition, the OR for 

>35,000 hours for cumulative frequency of night work was OR=1.42 (95% 

CI=0.73ï2.74, p=0.304). There was no heterogeneity among ORs which 

represented the effect of ever having NSW, overall/ cumulative duration of NSW 

on four subtypes of breast cancer.  
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NSW including long-term and heavy working exposure was not associated 

with breast cancer risk. Further studies are needed to provide the epidemiological 

evidence for the effect of NSW on breast cancer risk. 

3.2. Subjects and methods  

¶ Study population and exposure information 

Women aged 20 years old or more who visited the Breast Cancer Center or 

Health Examination Center at the National Cancer Center in Korea from 2012 

February to 2018 January were enrolled. Eligible cases of incident breast cancer 

were histologically confirmed. Controls were selected from among women who 

visited the centers for health check-ups during the same period. After obtaining 

informed consent by trained interviewers, information on night-work experience, 

demographic characteristics, reproductive factors, and lifestyle behaviors were 

collected using a structured questionnaire through face-to-face interviews. The 

study protocol was reviewed and approved by the National Cancer Center 

Institutional Review Board (IRB number: NCCNCS13717). A total of 2,058 

incident female breast cancer cases and 1,938 female controls were frequency 

matched by 10-year age groups; thus, 1,721 cases and 1,721 controls were 

included in final analyses. Details for population selection process were provided 

in Figure 3.1. For breast cancer patients, pathology reports were reviewed to 

access information about the hormone receptor status of breast cancer tissues 

including estrogen receptors (ER), progesterone receptors (PR), and human 
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epidermal growth factor receptor 2 (HER2). After checking medical records of 

enrolled patients, we classified breast cancer into four subtypes based on the 

receptor status: luminal A (ER and/or PR positive and HER2 negative), luminal 

B (ER and/or PR positive and HER2 positive), HER2-enriched (ER and PR 

negative and HER2 positive), and triple-negative (all receptors negative) [42]. 

Among 1721 cases, 1529 cases had hormonal status in ER and PR and HER2. 

The numbers of luminal A, luminal B, HER2-enriched, and trip-negative breast 

cancer were 860, 134, 187, and 348, respectively. NSW was defined as ever 

having worked in night shifts regularly between 9:00pm and 8:00am for at least 

2 months in their lifetime. In addition, age at starting and ending NSW, clock-

time of starting and finishing night-shifts, the number of working days per week, 

the average length of shift cycles, and years on night schedule were obtained 

using a standardized questionnaire. 

¶ Confounders  

Confounding factors for the association between NSW and breast cancer 

were assessed via two steps: literature review and confirmation in our dataset. 

Ijaz et al. [10] had systematically assessed confounding for this association using 

directed acyclic graph (Figure 3.2), and selected age, ethnicity, parity, 

socioeconomic status as confounders that may truly affect the association 

between NSW and breast cancer. Thus, we applied the selected confounders 

from Ijaz et al [10] to our analysis, except ethnicity because our all study 
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population was Korean. For age, we frequently matched cases and controls by 

age group and adjusted for age as continuous variable to avoid residual 

confounding effect. As a proxy for socioeconomic status, educational level (less 

than university, university, or higher) was considered. For parity-related factors, 

we considered the number of pregnancies and age at birth of the first child.  

We checked whether these factors were confounders in our data by using 

univariate logistic regression and assessing whether they were related to both 

NSW and breast cancer (Figure 1). We additionally considered whether the 

established risk factors for breast cancer such as body mass index (BMI), age at 

menarche, tobacco smoking, female hormone treatment therapy, and family 

history of breast cancer were associated with both NSW and breast cancer [80].  
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Figure 3. 1. Flowchart of selecting study subjects in the study 
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Figure 3. 2. Directed acyclic graph (DAG) for shift work and breast cancer 
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¶ Statistical analysis 

The distribution of demographic characteristics and other covariates in the 

study population was described by frequencies and percentages. The associations 

between all selected risk factors and breast cancer as well as with NSW were 

determined by univariate logistic regression models.  

The association between NSW and breast cancer risk was presented as odd 

ratios (ORs) with 95% confidence intervals (CIs) and adjusted ORs, using the 

confounders selected from the study by Ijaz et al. [10]. This included age at 

diagnosis time for cases and age at interviewing time for controls, the number of 

pregnancies, age at birth of first child, educational levels to yield a minimally 

adjusted result. The fully-adjusted ORs incorporated all established risk factors 

including age, number of pregnancies, age at birth of first child, educational 

levels, BMI, age at menarche, tobacco smoking, use of female hormone 

treatment, family history of breast cancer to yield a fully-adjusted result. This 

was performed by multivariate conditional logistic regression using never 

worked in night-shift as the reference.  

NSW exposure was classified into having ever or never engagement of night 

work, in addition to the length of exposure and the shift schedule. Shift schedule 

was detailed for age at starting to work night-shifts, number of days per week for 

NSW exposure, clock time at starting night shifts, lifetime duration of night work 

as recommended by the IARC working group [58]. The duration of NSW 
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involvement was classified into three levels: 10-years and under, longer than 10-

years. To integrate the shift duration and intensity, the lifetime cumulative hours 

of night work was computed by multiplying number of years with number of 

days per week with NSW, and hours of working per NSW.  

To investigate whether the association between NSW and breast cancer 

would be altered by the hormone receptor status, we also performed multiple 

logistic regression models according to luminal A, luminal B, HER2-enriched, 

and triple-negative subtypes, and the results were presented as ORs and 95%CIs. 

The heterogeneity among the results by breast cancer subtypes was tested by 

using the likelihood ratio test. All analyses were performed using SAS software 

version 9.4 and STATA version 14.2. 

3.3. Results 

The distribution of baseline characteristics in our matched study population is 

presented in Table 3.1. The mean age of matched cases and controls were not 

significantly different (48.21±9.04 and 48.18±9.17, respectively, p for t-

test=0.930). The distribution of known risk factors for breast cancer, including 

pregnancy, number of pregnancies, age at birth of first child, BMI, age at 

menarche, tobacco smoking, and family history of breast cancer were 

significantly different between the two groups (p <0.05).  

The associations between all considered covariates and breast cancer as well 

as night shifts are presented in Figure 3.3. Among the covariates from Ijaz et al. 
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[10], number of pregnancies, age at birth of first child, and educational level 

were significantly associated with NSW. Our data did not suggest any 

association between these covariates with breast cancer risk. Furthermore, BMI, 

age at menarche, and family history of breast cancer were significantly 

associated with breast cancer risk, and only tobacco smoking was related to 

NSW. Following the definition of a confounder [80], parity-related factors may 

not confound the association between NSW and breast cancer. However, 

considering the literature review and basic of knowledge, we adjusted for both 

parity-related factors (age at birth of first child, and number of pregnancies) and 

educational levels which represents socioeconomic status (SES), in addition to 

all considered factors in our analysis. 

The frequencies of having ever engaged in NSW were 10.58% and 9.59% in 

breast cancer patients and controls, respectively. In our study population, there 

was no significant association between ever engaging in NSW and breast cancer 

indicated by the minimally adjusted OR of 1.11 (95%CI=0.89ï1.40, Table 3.2). 

The positive impact of NSW to BC risk were found with no significance (ORs>1 

with non-significant Ps). Furthermore, age at starting their first NSW, frequency 

of NSW (number of NSWs per week), and NSW starting time was not associated 

with risk of breast cancer. The minimally adjusted ORs and fully adjusted ORs 

were similar. Women with more than 10 years of cumulative NSW exposure 

were not associated with risk of breast cancer compared with women who had 
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never engaged in NSW (minimally adjusted OR=1.55, 95% CI=0.89-2.69, 

P=0.124). A similar effect was found with respect to cumulative NSW exposure 

expressed in hours. No significant association between more than 35,000 hours 

of night-shift exposure and risk of breast cancer was observed (a minimally 

adjusted OR of 1.42, 95%CI=0.73-2.74, P=0.304). Increase in life-time 

cumulative frequency of NSW did not correspond to an increased risk of breast 

cancer (P-trend=0.168).  

When the association between NSW and subtypes of breast cancer was 

investigated (Figure 3.4 and detailed in Supplementary 3-1), overall, ever having 

night-shift exposure did not significantly increase breast cancer risk on every 

subtype of breast cancer. Although the point estimate for the risk of HER2-

enriched breast cancer was an OR of 0.98 [95%CI=0.58-1.66], which was lower 

compared to luminal A (OR=1.09, 95%CI=0.82-1.45), luminal B (OR = 1.36, 

95%CI=0.79-2.33) and triple-negative (OR=1.1, 95%CI=0.74-1.62) subtypes, 

the heterogeneity among the ORs was not confirmed (p=0.856). Analyses for 

NSW characteristics showed null findings except for luminal B. Women who 

worked night-shifts more than five days per week had significantly higher risk of 

luminal B breast cancer than never workers at 2.42 times (95% 1.25-4.69). There 

were no heterogeneous associations between NSW and breast cancer among the 

four subtypes of breast cancer with respect to age at starting their first NSW, 

frequency of NSW, NSW starting time, and cumulative exposure to NSW 
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(Figure 2 and Supplementary 3-1-3.4).  

In term of the association between NSW and premenopausal breast cancer 

risk, a total of 1,495 and 1,444 women in case and control groups responded to 

the menopause-related questionnaire. Among breast cancer cases, the number of 

postmenopausal breast cancer was 954. The size effects were found at ORs of 

1.14 (95%CI=0.85-1.52) and 1.19 (95 CI 0.87-1.62) for postmenopausal and 

premenopausal breast cancer risk, respectively. No difference was found in risk 

of breast cancer regarding to high intensity and heavy exposure with NSW 

(Supplementary 3-5).  
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Table 3.1. Distribution of baseline characteristics in age-matched breast cancer 

patients and controls. 

Characteristics 
Control 

(N= 1,721) 

Cases 

(N=1,721) 

p-

value 

 
 N % N % 

 
Age group (years) 

     
 20-29 1 0.06 1 0.06 <0.999 

 30-39 37 2.15 37 2.15 
 

 40-49 205 11.91 205 11.91 
 

 50-59 752 43.70 752 43.70 
 

 60-69 530 30.80 530 30.80 
 

 Ó70  174 10.11 174 10.11 
 

Pregnancy 
     

 
Nulliparous 1485 86.29 1501 87.22 <0.001 

 
Parous 187 10.87 208 12.09  

Number of pregnancies 
     

 
Nullipara 187 10.87 208 12.09 <0.001 

 
1-2 564 32.77 586 34.05  

 
Ó3 912 52.99 909 52.82  

Age at birth of first child (years) 
     

 
Nullipara 187 10.87 208 12.09 0.003 

 
 <28 919 53.40 867 50.38  

 
Ó28 492 28.59 586 34.05  

Education 
     

 
<High school 704 40.91 722 41.95 0.058 

 
ÓUniversity 813 47.24 756 43.93  

BMI (kg/m
2
) 

     

 
<18.5 1279 74.32 1181 68.62 <0.001 

 
Ó18.5-24.9 110 6.39 73 4.24  

 
Ó25  304 17.66 426 24.75  

Age at menarche (years) 
     

 
Ò14  1090 63.34 1213 70.48 0.008 

 
>14 616 35.79 493 28.65  

Tobacco smoking 
    

 

 
Never 1544 89.72 1521 88.38 0.010 

 
Ever 161 9.36 195 11.33  

Use of female hormone treatment in menopausal women  

 
Never 470 27.31 543 31.55 0.015 
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Ever 171 9.94 145 8.43  

Alcohol consumption      

 Current drinkers 770 44.74 535 31.09  

 Former or never drinkers 941 54.68 1180 68.56  

Family history of breast cancer in first degree relatives 
  

 

 
No 1434 83.32 1290 74.96 <0.001 

 
Yes 260 15.11 400 23.24  

(N: number; SD: standard deviation; BMI: body mass index (kg/m2); * estimated among 

parous women) 
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Figure 3. 3. Plot of ORs and 95%CIs show the association between all demographic factors and NSW as well as breast cancer. 

1,2 Never pregnancy as reference, 3 High school and under as the reference, 4 18.5Ò BMI<25 as reference, 5 aged 14 and under as reference, 

6 Never smoking tobacco as reference, 7 Never use of female hormone treatment in menopausal women as reference, 8 Not having family 

history of breast cancer in first degree relatives as reference. OR: odd ratio; 95%CI: 95% Confidence Interval; yrs: years; BMI: body mass 

index (kg/m
2
); FHT: female hormone treatment; MW: menopausal women; 
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Table 3.2. Distribution of NSW characteristics and associations with breast cancer in age-matched breast cancer 

patients and controls 

 Characteristics 
Controls Cases 

ẵ Adjusted OR (95%CI) p  Adjusted OR (95%CI) p 
(N=1,721) (N=1,721) 

    N % N  %         

Night-shift work status             

 

Had job but no NSW 1556 90.41 1539 89.42 ref 
 

ref  

  Ever 165 9.59 182 10.58 1.11 (0.89-1.40) 0.347 1.1 (0.88-1.39) 0.414 
Age at starting working nightshifts       

   
  

 

Ò30 86 5.00 96 5.58 1.11 (0.82-1.51) 0.499 1.08 (0.80-1.49) 0.479 

 
older than 30 72 4.18 82 4.76 1.16 (0.84-1.62) 0.370 1.16 (0.83-1.63) 0.318 

Number of day per week  
       

  

 

1-5 days 77 4.47 88 5.11 1.17 (0.85-1.60) 0.346 1.13 (0.82-1.57) 0.447 

 
Ó 5 days 66 3.83 78 4.53 1.17 (0.84-1.65) 0.355 1.16 (0.83-1.66) 0.354 

Time starting NSW (clock time)     
   

  

 

Before midnight 137 7.96 163 9.47 1.20 (0.94-1.52) 0.143 1.17 (0.93-1.51) 0.152 

 
Midnight and after 7 0.41 7 0.41 0.98 (0.34-2.80) 0.963 0.85 (0.30-2.49) 0.896 

Lifetime duration of night work (years)       
   

  

 

Ò 10 years 139 8.08 145 8.43 1.07 (0.83-1.36) 0.609 1.05 (0.83-1.36) 0.824 

 
More than 10 years  21 1.22 35 2.03 1.55 (0.89-2.69) 0.124 1.44 (0.82-2.55) 0.234 

p-trend 
    

 
0.105 

 

0.100 

Lifetime cumulative frequency of night work (hours)   
   

  

 
Ò 10,000 hours 86 5.00 94 5.46 1.11 (0.82-1.50) 0.512 1.08 (0.80-1.49) 0.722 

 

10,000 - Ò35,000 hours 59 3.43 63 3.66 1.09 (0.76-1.57) 0.645 1.09 (0.76-1.59) 0.727 

 

More than 35,000 hours  15 0.87 23 1.34 1.42 (0.73-2.74) 0.304 1.30 (0.66-2.58) 0.432 

p-trend 
     

0.168 
 

 0.161 

OR: odd ratio; 95%CI: 95% confidence interval, estimated using conditional logistic regression models; ẵ Adjustment for age, educational 

level, number of pregnancies and age at birth of first child.  Adjusted for age, educational level, number of pregnancy and age at birth of 

1sr child, BMI, age of menarche, alcohol consumption, smoking, female hormone treatment, family history of breast cancer.
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Figure 3. 4. Adjusted OR and 95%CI in 4 molecular subtypes of breast cancer (x axis) for odd ratios for breast cancer 

(y axis) 
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The rounded points and CIs represent the estimated risks from each NSW exposure level in the study. While Lumina A (ER and/or PR 

positive and HER2 negative), Lumina B (ER and/or PR positive and HER2 positive), HER2-enriched (ER and PR negative and HER2 

positive), and Triple-negative (all receptors negative) and OR and 95%CI from the multivariate logistic regression models with adjusted 

factors:  Adjusted for age, educational level, number of pregnancy and age at birth of 1sr child, BMI, age of menarche, alcohol 

consumption, smoking, female hormone treatment, family history of breast cancer.  
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3.4. Discussion 

In this caseïcontrol study among Korean women, NSW was not associated 

with the risk of breast cancer. The null findings were observed regardless of any 

shift work intensity and breast cancer subtypes.  

Our findings were consistent with recent studies that showed no association 

between NSW and breast cancer [11-13 16 18 53 57 88] even with long-term 

exposure to NSW [11 12 16 88] or any hormone receptor status of breast cancer 

[23]. Although several previous studies [5 8 49 51 89 90] and meta-analysis [7] 

have shown an increased risk among women who had engaged in NSW, recent 

meta-analyses have shown inconsistent results [9 10 16]. The increased risk of 

NSW on breast cancer in previous studies could be possibly attributed to the 

characteristics of the study populations. Previous studies included women 

engaged in particular occupations with high intensity of NSW such as nurses, 

flight attendants or militaries [5 91] or in women with ñgraveyardò shift work [8]. 

All of the workers had heavy exposure levels of night-shift compared to the 

general workers.  

In terms of the general population, some studies found an increased risk of 

breast cancer in long-term workers with working periods longer than 15ï20 

years or heavy work frequencies [8 51 56 90]; however, these were not observed 

in other prospective studies [11-13 16]. In addition, the report from the IARC 
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regarding Shift work in 2007 [3] has been criticized because it was based on 

experimental evidence primarily and considered epidemiological evidence was 

limited [16 92]. A recent meta-analysis [16] using ten large prospective cohort 

studies provided evidence for no association between 20 or more years of NSW 

and breast cancer risk (RR=1.01; 95% CI=0.93ï1.10), suggesting lack of an 

association even with long duration of NSW. In our study, even duration of 

cumulative NSW more than 10 years or 35,000 hours did not show any 

significant differences.  

Although the definitions of NSW varied, the International Labor 

Organization defined night-shift as fulltime working period between 24.00 and 

05.00 [93]. The 24.00ï05.00 includes the time for physiological peak of 

melatonin biosynthesis which is around 01.00ï02.00 AM. We categorized the 

time of starting NSW before and after midnight but we could not accord 

significance to the results with similar odds ratio irrespective of time starting 

NSW. Further, it has been suggested that age at starting NSW in relation to the 

status of the breast tissue would be critical, and women exposed to NSW at a 

young age were more vulnerable to breast cancer [18]. However, our results did 

not show an association between age at starting NSW and breast cancer. 

Inconsistent results of the previous studies may be due to, in part, varied 

definitions of NSW and its duration, potential recall bias, and limited adjustment 

for confounders. In addition, we evaluated the association between NSW and 
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breast cancer risk stratified by menopausal status considering its effect on 

circulating estradiol levels [94]; however, no differences were observed.  

Two studies regarding the association between NSW and breast cancer 

conducted in China showed no association [11 12]. In these studies, even longer 

durations, and higher frequencies of exposure were not associated with the risk 

of breast cancer. Biological differences between Asian women and women in 

Western countries in terms of human endocrinology, particularly melatonin or 

difference in the circadian genes, were suggested as factors accounting for the 

differences. The decrease of the circulating melatonin concentrations could result 

in cancer development [95] and after night work, the amount of reduction in 

urinary 6-sulfatoxymelatonin levels was lower in Asian people, suggesting that 

Asian night-workers were better at maintaining their melatonin production [21]. 

Asian populations have lower frequencies of rs23051560 Thr/Thr, one of the 

neuronal PAS domain protein 2 genes associated with breast cancer risk, 

compared to European populations, suppressing the effect of shift work [96].  

When the association between NSW and breast cancer subtypes based on 

hormone receptor status was observed, we did not find any heterogeneity among 

ORs. This may be due in part to the small number of participants in each 

category. Although several previous studies showed stronger associations in 

hormone receptor positive groups [23 39 46 55 56], other studies showed higher 

association in ER- negative breast cancer [27] or did not present heterogeneous 
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results according to the hormone receptor status [39 55].  

Strengths and limitations 

To the best of our knowledge, this is the first study evaluating the association 

between NSW and breast cancer in Korean women and the third study conducted 

in the Asian population. Our findings will provide additional evidence in the 

Asian population. One of the strengths of our study included detailed night-shift 

characteristics (shift systems, rotation cycle, years on night-shift schedule, 

recurred the second exposure), which could cause various impact on breast 

cancer risk. . This was a well-designed caseïcontrol study, where possible 

confounding factors were considered. Adequate pathology information about the 

hormone receptors located in the breast cells (ER+/-, PR+/-, and HER2+/-) was 

obtained to classify breast cancers into detailed breast cancer subtypes. 

There are several limitations in this study. This was a hospital-based caseï

control study and our findings may not be generalizable. We compared the 

prevalence of NSW with the result from the sixth (2013-2015) Korean National 

Health and Nutrition Examination Survey (KNHANES), which provides 

nationally representative results in Korea in the same period as our study [97]. 

The KNHANES evaluated the NSW status of participants by the question ñDo 

you usually work during the day (between 6 am and 6 pm), or do you work at a 

different time in last one year?ò. Because of the questionnaire approaches was 

different, we did not have enough data to compare the prevalence of NSW of 
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general and our study population. The results for last-one-year exposure of this 

study population were lower than KNHANES result (2.95% in KNHANES vs. 

1.05% in the control group), suggesting the limited generalization. Furthermore, 

around 1.27 million workers involved in NSW accounting for 11.2% of total 

workers in the Survey Report on Labor Conditions by Employment Type [19]. 

Thus, our study population was deemed to have a lower prevalence of NSW 

compared to general Korean population. Another limitation is recall bias. 

Participants in the case group are usually better in recalling the previous 

exposures to risk factors compared with those in the control group (15). However, 

our data showed similar night-shift exposure in the case and control group, 

which can possibly explain our null findings. We did not examine the screening 

rates in the case and control groups and it may mask the true adverse associations.     

Concluding remarks 

In summary, ever engaged in NSW, long-term, or heavy NSW exposure were 

not associated with breast cancer risk. It is untimely to conclude NSW as a 

probable cause of cancer. Our results, in combination with other Asian studies, 

provide evidence that may explain effects of NSW on Asian and Caucasian 

populations.  
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4. Circadian genes and melatonin pathway genes, gene-

NSW interaction and risk of breast cancer : evidence 

from a case-control study in Korean women 

 

4.1. Abstract  

Introduction 

Several variants in circadian genes and melatonin pathway genes have been 

suggested relationships with breast cancer risk. NSW was classified into group 

2A as probably carcinogenic for human in 2007 pointing to a role of circadian 

disruption, suggesting potential interactions of NSW- circadian genes in 

relationship with breast cancer. We aimed to examine the variant difference in 

Asian and Caucasian population and explore the association between genetic 

polymorphisms in genes of circadian regulation, melatonin biosynthesis and 

breast cancer risk as well as geneïgene, polygenic risk scores (PRSs) and geneï

night work interactions in Korean women.  

Methods 

A hospital based case-control study conducted comprising 959 breast cancer 

cases and 941 controls. Information of night Shift work and other covariates was 

collected by a structured questionnaire. Thirty-four SNPs in circadian genes and 

melatonin pathway genes were analyzed to assess the association with breast 

cancer risk by multiple logistic regression models, adjusted for potential 

confounders. Permutation testing at 10,000 times and the false discovery rate 
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were used as the multiple testing correction methods. Interactions of geneïgene 

and NSW were analyzed and adjusted by the false discovery rate only. 

Results 

Our study population was different from Caucasian population investigated 

in previous studies in term of variant characteristic. The difference was shown in 

less frequent alleles of 24/34 loci, two alternative alleles of 13/34 loci. In the 

main effects of each single nucleotide polymorphisms (SNPs) of gene to breast 

cancer risk, two loci rs11133373, rs3749474 were significantly increased breast 

cancer risk while the rest two loci rs2119882, rs2291738 could be protective 

factors against breast cancer. CLOCK rs11133373 was associated with breast 

cancer risk even after FDR correction (Odd Ratios (OR)=1.38 (95% Confident 

Interval (CI) 1.14-1.69, p-permutation=0.001, p-FDR=0.04) in CG and CC 

compared to GG genotype. MTNR1A rs2119882 was reported for a decreased 

breast cancer risk for the first time (OR=0.75, 95%CI=0.61-0.91), p-

permutation=0.004) in CT and CC compared to TT. Increased breast cancer risk 

was denoted in women who carried minor alleles in both rs758880 and 

rs11133373, both rs11179000 and rs10462028, both rs4760750 and rs10462028, 

both rs758880 and rs1482057, or both rs3820787 and rs1482057. Risk of breast 

cancer was significantly increased at 2.76 times in women who carried one 

increment of minor risk alleles compared to women with homozygote by 

weighted PRS model. The NSW and breast cancer interaction was found in 
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several loci. NSW increased risk of breast cancer in women who carried 

heterozygote genotype of rs2292912 (OR=1.98, 95%CI=1.14-3.44) or carried at 

least one minor allele of rs1482057 (OR=2.20, 95%CI=1.10-4.37).  

Conclusions 

Our study results supported a putative role of several loci in circadian genes 

and melatonin pathway genes in the breast cancer progress in women having 

night shift work. Additionally, interaction analyses suggest a potential relevance 

of CLOCK with CUL1 or TPH2, of RORA with CUL1 and NPAS2. NSW was 

interacted with variants in CRY2 and RORA genes. Our results did not replicate 

published results in Western countries. These interactions should be confirmed in 

larger studies, especially in Asian population. 

 

4.2. Subject and method 

¶ Study population 

This is PART B of a hospital-based case-control study which was described 

in part 3. Among 1,721 sets of cases and controls, those with blood samples were 

matched by age and 941 cases and 959 controls were included. The process of 

study population selection was detailed in Figure 4.1.  
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Figure 4.1. Flow chart of selecting study subjects in the PART B study 

 

Collected blood samples of participants included in the analysis of PART A 

were sent to the company specialized in DNA sequencing. If sequencing samples 

fail, we select samples from data which was out of matched data to replace. The 

chosen samples were in the same age group with the fail samples. The aim of this 

collection procedure was to keep the age-matched data in a proper way. Finally, 

941 cases and 959 controls are included in our PART B study. Information 
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related to covariates, NSW schedules is collected from PART A and remained to 

analyze in this part. With the a sample size reaches approximately to 1,000 

participants per group of cases and controls, we expects to detect odds ratios 

around 1.5 in size with at least 80% power [98]. 

¶ Selection of polymorphisms and genotyping 

Our study aim is to confirme the effect of the SNPs which were shown in the 

previous published Caucasian population studies in the Asian population. 

Therefore, the SNP selection strategy was based on information in articles 

published by 2017 regarding the relationship of NSW, circadian genes or 

melatonin genes and risk of breast cancer. We reviewed the literature related to 

SNPs, genes in the circadian regulation genes and melatonin synthetic genes 

which associate with breast cancer risk and its interaction with NSW. In the first 

step of SNP selection, four authors had investigated 822 SNPs before duplicated 

SNPs removed [22 26-29]. These SNPs included (1) 60 SNPs were considered 

by Shabeh Zienolddiny el al 2013, (2) 577 SNPs were considered by Truong et al 

2014, (3) 178 SNPs were considered by Monsees et al 2012, (4) 7 SNPs were 

considered by S Rabstein et al 2014. In the second step of SNP selection, we 

considered SNPs from GWAS catalogue which demonstrated with the related-

NSW effects. 

After duplicated SNP removing, minor allele frequency (MAF) in Korean 

population was checked for all SNPs. In case of Korean MAF was not available, 
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MAF in Chinese or Japanese population was used instead. Candidate tag SNPs 

having confirmed MAFs > 0.15 [98] were studies were eligible to be included in 

our study. Thirty-six SNPs were included from the first step, and four SNPs 

(rs3816360, rs10830962, rs12506228, rs243482) were included from the second 

step. The candidate SNPs with information of chromosome locations and the 

protein function are shown in Supplementary 4-1. 

Genomic DNA was extracted using peripheral blood leukocytes isolated 

from whole-blood samples obtained from the participants.  

¶ SNP imputation and quality control  

The process of quality control of SNPs in our study was showed in Figure 4.1. 

Three over 40 SNPs failed for sequencing design. Thirty-seven SNPs were 

successfully designed and genotyped. After checking HWE, one SNP 

(rs2071427) is excluded due to a p-value of HWE test under 0.05. We checked 

pairwise linkage dillibrium and calculated r2 for each of SNP pair. These 

correlated SNPs would have the same effect and several multiple correction 

testes in our study required for assumption of independence in SNP effect, 

therefore, the pairwise linkage dillibrium values were checked. All pairs showed 

r2 >0.8 were provided in Supplementary 4-2. The high correlation was observed 

in two pairs of SNPs: rs2292912-rs7951225, rs758880-rs243482. Two SNPs 

(rs7951225, rs243482) were excluded. The number of SNPs in our final analysis 

is thirty-four.  
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We also check the accuracy of imputed SNP data was estimated by using 

genotype missing data (Figure 4.2). All missing values in alleles were ignored.  

 

 

Figure 4.2. The selection and quality control of SNPs. 

 

 

40 SNPs 

37 SNPs 

36 SNPs 

34 SNPs 

Assay fail 
(n=3) 

rs11074634, rs13113549, 
rs934945 

Exclude due to HWE 

rs2071427 

Exclude due to r2>0.8 in LD test 
rs7951225, rs243482 
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Figure 4.3. Genotype missing data 
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¶ Statistical analysis 

Conceptual hypothesized modeling of NSW, circadian genes and their 

interaction on breast cancer risk study was presented in Figure 4.1. Hardy 

Weinberg equilibrium (HWE) was checked by performing analysis which used 

10,000 permutations to approximate p-values in the exact tests. The analysis was 

performed for 34 SNPs in the control group and only SNPs with p value > 0.05 

would be analyzed in further steps. The distribution of demographic 

characteristics and other covariates was described and tested by t-test and chi-

square. The frequency of genotype and minor allele frequency (MAF) for each 

SNP was checked in cases and controls separately. Chi square test was computed 

using the permutation procedures to determine the difference among genotypes 

in case and control groups.  

The association between each selected SNPs and breast cancer risk were 

derived from unconditional multiple logistic regression models presented as odd 

ratios (ORs) with 95% confidence intervals (CIs) by using R package SNPassoc. 

When cell sizes were small (<5), exact logistic regression was used. All of the 

four models included codominant, dominant, recessive and log-addictive was 

used to measure the strength of the association. The models with the two lowest 

p-values were chosen to be the final models. The multiple test adjusted p values 

were obtained by permutation testing with 10,000 permutations and further 
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checked by FDR (false discovery rate). This test is appropriate as recommended 

by Clarke et al. and it was applied by many authors [22 27 29]. Before applying 

FDR test, r2 of linkage disequilibrium (LD) is calculated to check the 

independent effect of SNPs assumption. The p-values from likelihood ratio test 

by permutation and FDR adjustment for each SNPs were shown for each genetic 

by a plot.  

The gene-gene interaction was tested by adding each SNP pair term in the 

logistic regression model with main effect. P-values for the interaction (epistasis) 

log-likelihood ratio (LRT) test coefficients were used to quantify the magnitude 

of interaction and plotted with colors reflecting the magnitude of interaction. 

These p-values were adjusted after by FDR multiple testing correction. The cut-

off point of p values was chosen at 0.20 [99]. SNPs with significant interaction 

will be included in stratified analysis to illustrate the heterogeneity among 

genotypes of each SNP marker. 

Polygenic risk score (PRS) was calculated by using unweighted and weighted 

PRS. PRS was calculated by using R predictABEL package. The remained SNPs 

were the one included in the first target of SNPs selection procedures. 

Unweighted genetic risk score is a simple risk allele count assuming that all 

alleles have the same effect as the total number of SNPs. While weighted genetic 

risk score is a sum of the number of risk alleles multiplied by their beta 

coefficients. The increased risk of breast cancer for one increment of risk allele 
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was estimated by multivariate logistic regression. 

As one of our main aims, we tested the interaction between NSW and all of 

the SNPs in the circadian genes using the likelihood ratio test comparing models 

with and without an interaction term (NSW*SNP) in the dominant models. The 

joint effects of shift work and genotype was reported by using the interaction p 

values (p interaction). The FDR adjusted method was also applied for p 

interaction values correction. We consider the cut-off point for p is 0.20. For the 

stratified analyses with NSW, genetic factors were set up as modifiers, NSW was 

divided into two classes (having ever/never exposed) and the wild-type 

homozygotes not exposed to NSW was used as the reference group.  

All analyses were adjusted for potential confounders. On the basis of existing 

knowledge of factors associated with breast cancer and the literature searching 

which was shown in Supplementary 2-3, the following factors were regarded as 

potential confounders: age at time of diagnosis or interview, educational level, 

number of pregnancies, age at birth of first child, body mass index, age at 

menarche, alcohol consumption, smoking, use of female hormone treatment, and 

family history of breast cancer in first degree relatives. These variables were 

included in the multivariate logistic regression model (model 1) to obtain 

adjusted odds ratios for the effect of candidate SNP on breast cancer risk. 

Regenotype will be implemented to compare our study results with other 

Caucasian results, and to generate the generalizability for our study in case our 
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study has the inverse in minor and major alleles compare to Caucasian studies or 

Korea k.chip. This is the procedure to exchange minor and major alleles to 

obtain the same genotype references and the same genetic models with previous 

findings.  

All statistical analyses were conducted by both SAS software version 9.4 and 

R version 3.5.0 [100 101].  

 

Figure 4.4. Conceptual hypothesized modeling of NSW, circadian genes and 

their interaction on breast cancer risk study 

4.3. Results 

¶ Demographic characteristics of study population and SNPS 

Demographic characteristics of study population 

The demographic characteristics of population included in the genetic 

analysis were described in Table 4.1. Distribution of age in each group of cases 

and controls were similar, with p for chi-square test=0.538. Mean±SD of ages in 
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cases and controls are 47.33±8.64 and 48.30±8.90, respectively. The distribution 

of number of pregnancies, age at birth of first child, BMI, age at menarche, 

tobacco smoking, alcohol drinking and family history of breast cancer were 

significantly different between the two groups (p <0.05).  
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Table 4.1. Demographic characteristics of PART B study population  

Characteristics 

Controls Cases 

p-value* (N=941) (N= 959) 

N % N % 

Age group (years) 
   

0.538 

 
Ò29 21 2.24 22 2.29 

 

 
30-39 102 10.84 124 12.93 

 

 
40-49 424 45.06 444 46.30 

 

 
50-59 293 31.14 288 30.03 

 

 
60-69 91 9.67 75 7.82 

 

 
Ó70 10 1.06 6 0.63 

 
Number of pregnancies 

   
<.001 

 
Nullipara 96 10.20 125 13.03 

 

 
1-2 279 29.65 327 34.10 

 

 
Ó3 482 51.22 503 52.45 

 
Age at birth of first child (years) 

  
<.001 

 
Nullipara 96 10.20 125 13.03 

 

 
<28 481 51.12 461 48.07 

 

 
Ó28 252 26.78 341 35.56 

 
Education 

    
0.902 

 
<High school 359 38.15 372 38.79 

 

 
ÓUniversity 416 44.21 425 44.32 

 
BMI (kg/m

2
) 

    
<.001 

 
<18.5 671 71.31 677 70.59 

 

 
Ó18.5-24.9 53 5.63 39 4.07 

 

 
Ó25 151 16.05 226 23.57 

 
Age at menarche (years) 

   
<.001 

 
Ò14 558 59.30 681 71.02 

 

 
>14 311 33.05 276 28.78 

 
Tobacco smoking 

    
<.001 

 
Never 804 85.44 846 88.22 

 

 
Ever 78 8.29 113 11.78 

 
Alcohol drinking  

    
<.001 

 
Never 476 50.58 681 71.01 

 

 
Ever 406 43.15 278 28.99 

 
Use of female hormone treatment in menopausal women 0.197 

 
Never 239 25.40 278 28.99 

 

 
Ever 81 8.61 74 7.72 

 
Family history of breast cancer in first degree relatives 

 
<.001 

 
No 745 79.17 706 73.62 

 

 
Yes 129 13.71 231 24.09 
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SNP characteristics 

Thirty-seven SNPs in twenty-three genes from the circadian and melatonin 

signaling pathway with corresponding genotypes, frequencies and percentages of 

SNPs, less frequent alleles (minor allele), minor allele frequency (MAF) in study 

population, global less frequent alleles, global MAF, Hardy-Weinberg-derived P 

values and p of chi-square test of genotypes were given in Table 4.2. After QC 

process, three SNP have been excluded due to HWE violation (1 SNP) and high 

correlation with another SNP represented by high r2 in LD test (2 SNP). The 

remained number of SNPs in final analysis was 34. MAFs of most of the SNPs in 

our study were quite different from those reported as GMAF. Minor alleles of 

our studyôs SNPs deviated from minor allele in six loci included rs3816360, 

rs3749474, rs2253820, rs4646257, rs1800532, rs11179000. When comparing to 

the previous studies in Caucasian population, 24/34 loci of our study had 

different minor alleles. It was worth mentioning that 13/34 loci with two 

alternative alleles were distinct from data on Caucasian population. The various 

in minor alleles, MAFs between Asian and Caucasian population deemed to be 

conspicuous in our study. 
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Table 4.2. Analyses with permutations for genetic characteristics of study population  

Locus Genotype 

Controls Cases 
Minor 

allele 
MAF 

Global 

Minor 

allele 

GMAF 
P* for 

HWE 
P**  (N=941) (N=959) 

N % N % 

rs3816358 C/C 663 70.76 682 71.26 A 0.16 A 0.11 0.493 0.453 

 
A/C 247 26.36 256 26.75 

      

 
A/A  27 2.88 19 1.99 

      
rs3816360 T/T 428 45.78 453 47.24 C 0.32 T 0.5 0.103 0.116 

 
C/T 425 45.45 400 41.71 

      

 
C/C 82 8.77 106 11.05 

      
rs2278749 C/C 634 67.81 652 68.20 T 0.18 T 0.12 0.599 0.748 

 
C/T 269 28.77 266 27.82 

      

 
T/T 32 3.42 38 3.97 

      
rs2290035 T/T 521 55.72 524 54.81 A 0.25 A 0.43 0.908 0.753 

 
A/T 353 37.75 375 39.23 

      

 
A/A  61 6.52 57 5.96 

      
rs2306074 C/C 338 36.19 320 33.44 T 0.4 T 0.44 0.204 0.282 

 
C/T 463 49.57 480 50.16 

      

 
T/T 133 14.24 157 16.41 

      
rs908078 T/T 554 59.70 553 57.85 C 0.23 C 0.16 0.770 0.548 

 
C/T 324 34.91 356 37.24 

      

 
C/C 50 5.39 47 4.92 

      
rs10462028 G/G 767 81.77 770 80.46 A 0.1 A 0.25 0.369 0.523 

 
A/G 165 17.59 177 18.50 
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A/A  6 0.64 10 1.04 

      
rs11133373 G/G 421 44.93 362 37.99 C 0.35 C 0.31 0.629 0.007 

 
C/G 419 44.72 475 49.84 

      

 
C/C 97 10.35 116 12.17 

      
rs3749474 T/T 390 41.62 351 36.72 C 0.37 T 0.38 0.855 0.086 

 
C/T 431 46.00 472 49.37 

      

 
C/C 116 12.38 133 13.91 

      
rs12315175 T/T 377 40.28 394 41.21 C 0.36 C 0.18 0.241 0.761 

 
C/T 447 47.76 441 46.13 

      

 
C/C 112 11.97 121 12.66 

      
rs2292912 C/C 418 44.75 409 43.01 G 0.34 G 0.5 0.514 0.166 

 
C/G 407 43.58 450 47.32 

      

 
G/G 109 11.67 92 9.67 

      
rs7951225 A/A 419 44.72 412 43.10 T 0.34 T 0.5 0.547 0.198 

 
A/T 409 43.65 451 47.18 

      

 
T/T 109 11.63 93 9.73 

      
rs6886243 C/C 312 33.33 300 31.38 T 0.43 T 0.39 0.200 0.499 

 
C/T 440 47.01 475 49.69 

      

 
T/T 184 19.66 181 18.93 

      
rs5757037 G/G 303 32.44 327 34.21 A 0.42 A 0.39 0.877 0.705 

 
A/G 460 49.25 462 48.33 

      

 
A/A 171 18.31 167 17.47 

      
rs758880 G/G 255 27.24 262 27.43 A 0.47 A 0.43 0.412 0.964 

 
A/G 479 51.18 492 51.52 

      

 
A/A  202 21.58 201 21.05 
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rs12712085 G/G 275 29.70 271 28.32 A 0.46 A 0.33 0.221 0.255 

 
A/G 476 51.40 476 49.74 

      

 
A/A  175 18.90 210 21.94 

      
rs17024926 T/T 223 23.77 246 25.68 C 0.5 C 0.35 0.552 0.541 

 
C/T 478 50.96 466 48.64 

      

 
C/C 237 25.27 246 25.68 

      
rs2305160 G/G 590 63.65 594 62.00 A 0.21 A 0.2 0.635 0.763 

 
A/G 302 32.58 325 33.92 

      

 
A/A  35 3.78 39 4.07 

      
rs3820787 A/A 296 31.66 291 30.54 G 0.44 G 0.37 0.991 0.789 

 
A/G 460 49.20 469 49.21 

      

 
G/G 179 19.14 193 20.25 

      
rs7809903 G/G 606 64.67 623 65.17 C 0.19 C 0.37 0.406 0.802 

 
C/G 300 32.02 297 31.07 

      

 
C/C 31 3.31 36 3.77 

      
rs2253820 T/T 456 48.67 497 51.93 C 0.29 T 0.43 0.611 0.352 

 
C/T 400 42.69 379 39.60 

      

 
C/C 81 8.64 81 8.46 

      
rs2291738 T/T 392 41.88 395 41.36 C 0.35 C 0.33 0.493 0.114 

 
C/T 420 44.87 460 48.17 

      

 
C/C 124 13.25 100 10.47 

      
rs243482 A/A 258 27.42 260 27.11 C 0.47 C 0.44 0.690 0.854 

 
A/C 471 50.05 494 51.51 

      

 
C/C 204 21.68 201 20.96 

      
rs8150 C/C 389 41.60 391 40.90 G 0.36 G 0.38 0.939 0.639 
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C/G 429 45.88 431 45.08 

      

 
G/G 117 12.51 134 14.02 

      
rs10830962 C/C 227 29.44 279 29.09 G 0.45 G 0.258 0.501 0.886 

 
C/G 475 50.48 476 49.64       

 
G/G 185 19.66 197 20.54       

rs4921581 A/A 376 40.09 393 41.07 G 0.37 G 0.43 0.876 0.813 

 
A/G 434 46.27 442 46.19 

      

 
G/G 128 13.65 122 12.75 

      
rs4646257 T/T 253 27.03 255 26.62 C 0.47 T 0.25 0.279 0.971 

 
C/T 483 51.60 499 52.09 

      

 
C/C 200 21.37 204 21.29 

      
rs7224199 T/T 596 63.81 618 64.58 G 0.2 G 0.42 0.846 0.635 

 
G/T 299 32.01 292 30.51 

      

 
G/G 39 4.18 47 4.91 

      
rs1800532 T/T 239 25.70 235 24.56 G 0.49 T 0.32 0.224 0.257 

 
G/T 483 51.94 477 49.84 

      

 
G/G 208 22.37 245 25.60 

      
rs11179000 T/T 239 25.53 239 24.97 A 0.49 T 0.40 0.593 0.836 

 
A/T 476 50.85 500 52.25 

      

 
A/A  221 23.61 218 22.78 

      
rs4760750 C/C 252 26.89 225 23.54 A 0.49 A 0.45 0.884 0.233 

 
A/C 470 50.16 508 53.14 

      

 
A/A  215 22.95 223 23.33 

      
rs12506228 C/C 552 58.66 572 59.65 A 0.23 A 0.24 0.442 0.749 

  A/C 339 36.03 345 35.97 
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  A/A  45 4.78 339 35.35 
      

rs2119882 T/T 318 33.79 380 39.62 C 0.39 C 0.47 0.382 0.027 

  C/T 462 49.10 424 44.21 
      

  C/C 149 15.83 140 14.60 
      

rs2071427*** T/T 237 25.32 253 26.41 C 0.48 T 0.47 0.009 0.391 

 
C/T 507 54.17 490 51.15 

      

 
C/C 192 20.51 215 22.44 

      
rs1482057 C/C 691 73.82 685 71.73 A 0.15 A 0.18 0.917 0.496 

 
A/C 226 24.15 245 25.65 

      

 
A/A  19 2.03 25 2.62 

      
rs2279295 A/A 555 59.11 558 58.19 G 0.24 G 0.28 0.278 0.916 

 
A/G 326 34.72 339 35.35 

      

 
G/G 58 6.18 62 6.47 

      
rs7164773 C/C 362 38.72 372 38.79 T 0.38 T 0.48 0.361 0.380 

 
C/T 450 48.13 441 45.99 

      
  T/T 123 13.16 146 15.22             
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¶ Individual SNPs and breast cancer association  

Among 4 genetic models, two models with lowest p-values were used to 

show ORs and permutation p-values indicated association between individual 

SNPs and breast cancer risk. The results were provided in Supplementary 4-3. 

The permutation p value and FDR-correction p value in covariate adjusted model 

surrogating for association of each SNP and breast cancer risk was plotted and 

displayed in Figure 4.4. With the cut-off point for p at 0.05, three SNPs have 

statistically significant association with breast cancer including four loci 

rs11133373, rs3749474, rs2119882, rs2291738. However, after applying FDR 

correction test, only ORs of rs11133373 and rs2119882 in dominant model 

remained statistically significant and marginally significant (p=0.043 and 

p=0.073, respectively). The statistical significance of these four SNPs was shown 

as Odd Ratios (ORs) and 95% Confidence Interval (95%CI) in Table 4.3. Two 

loci rs11133373, rs3749474 was significantly associated with an increased breast 

cancer risk while the rest two loci rs2119882, rs2291738 reduced risk of breast 

cancer significantly. Carrying at least one minor allele increased risk of breast 

cancer in women with rs11133373 and rs3749474 with ORs of 1.38 

(95%CI=1.14-1.69) and 1.29 (95%CI=1.06-1.57), respectively. Women carrying 

homozygote of rs2119882 minor allele were protected from breast cancer with an 

OR of 0.69 (95%CI=0.51-0.93) compare to women with heterozygote and 

homozygote of major allele. With rs2291738 loci, risk of breast cancer was 
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decreased in women having at least one minor allele (OR=0.75, 95%CI=0.61-

0.91). 

 

Figure 4.5. Plot of permutation and FDR adjusted p values of association 

between SNPs and breast cancer risk 
















































































































































