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Abstract

Breast cancer is a serious public health concern in South Africa and globally. It is estimated that
one in seven South Africans will develop cancer in their lifetime. According to a case-controlled
study, 80% of cancer cases are thought to be due to external, non-inherited factors, which could
potentially have been prevented. The objectives of the current case-control study were: 1) to de-
termine the relationship between night shift work and the development of breast cancer; 2) to ex-
plore the relationship between night shift work and other types of cancer; 3) to explore any dif-
ference between night shift work and breast cancer, and night shift work and other types of cancer.
A total of 106 research participants were selected using non-probability, convenience sampling
methods and interviewed using a structured questionnaire. Seventy-two (68%) of the women who
were interviewed were black, while 32% (n = 35) were white. Of the 106 research participants,
82% (n = 87) had a history of being employed, while 18% (n = 19) had never been employed. Ana-
lysed data showed that 29% (n = 31) of the women had a history of working night shift. Of the 31
research participants who reported having worked night shift, 90% (n = 28) had actually done ro-
tating shift work, rather than regular night shift work. The odds ratio of working night shift was
found to be 1.24 (OR = 1.24, p = 0.615) higher in breast cancer research participants compared to
research participants diagnosed with other types of cancer—odds ratio of 0.80 (p = 0.610). For
rotational work, the OR was 1.445, indicating a higher risk than for shift work. It is recommended
that the relationship between working night shift and breast cancer risk be explored further
through cross-sectional and cohort studies.
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1. Introduction

Cancer is considered one of the major killers throughout the world, including South Africa. Breast cancer is the
commonest cause of cancer death in women worldwide. Breast cancer rates vary about five-fold around the
world, but they are increasing in regions that until recently had low rates of this disease. For example, in China,
rates have traditionally been low in comparison with Western countries [1] [2]. The South African Medical Re-
search Council (2013) estimated that one in seven South Africans will develop cancer in their lifetime [3]. Ac-
cording to Urban, and coworkers, 80% of cancer cases are thought to be due to external, non-inherited factors,
which could potentially have been prevented [4]. According to the 2000-2001 National Cancer Registry (NCR)
Report 2000-2001 women have a lifetime risk (LR) of 1 in 8 of getting cancer, with breast cancer having an LR
of 1in 29 [5].

The effect of night shift work on breast cancer has received increasing interest since a panel of the Interna-
tional Agency for Research on Cancer (IARC) declared, in 2007, that “shift work that involves circadian disrup-
tion is probably carcinogenic to humans” [6]. This designation of night shift work as a potential cause of cancer
by the IARC was based mainly on animal experimental studies that noted an increase in the incidence of pro-
gression of tumors, including breast cancer, in animals exposed to light at night [6] [7]. The evidence is strongest
for breast cancer, although the risk of prostate and colorectal cancer may also be increased by working night
shift [8].

Exposure to light at night, including disturbance of the circadian rhythm, has been suggested as a risk factor
for breast cancer. Research has shown that melatonin plays an integral part in the development of tumours.
Hence, people who engage in night shift work may exhibit altered nighttime melatonin levels and reproductive
hormone profiles that could increase the risk of breast cancer [8]. However, this conclusion was based on evi-
dence from animal studies but limited human studies.

Until now, only a few epidemiological studies have evaluated breast cancer risk from night shift work. Most
of these studies have methodological flaws, especially concerning the assessment of light exposure [9]. Even
though these studies were methodologically flawed, the evidence is strong enough to have led the Danish Na-
tional Board of Industrial Injuries to compensate 38 women with breast cancer who previously worked night
shifts for at least 20 years [8]. However, the need for high quality epidemiological cancer research still exists,
and several studies on different aspects of breast cancer, work schedules, light exposure and melatonin levels are
ongoing [9].

2. Methods

This observational analytical case-control study of data obtained through structured questionnaires included 106
women (between 18 and 80 years of age), who had been diagnosed and treated for cancer in the Vaal Triangle
area in Vereeniging, South Africa, from April 2013 to July 2013. Fifty-seven women with breast cancer were
selected and compared with forty-nine control group participants (women) with other types of cancer. Study
purposes and processes were explained during the consent process and written participation and information
consent was obtained.

Interviews to assess the association of night shift working and development of breast cancer were conducted
after obtaining the written informed consent. The interviews were conducted with the help of research assistants
from the Cancer Association of South Africa (CANSA) in the Vaal Triangle area. Research assistants were
trained on ethical research behaviour and how to conduct interviews, including being given an in-depth under-
standing of the questions being asked.

Data collected included age at diagnosis, age at menarche, race, employment status, history of smoking, his-
tory of alcohol abuse, use of contraceptives, genetic predisposition, parity, number of births (both live and dead),
weight, number of years of employment, hours worked night per shift (at least 8 hours per night), number of
nights worked night shift per week, and number of years worked night shift.

The population for the study was 150 female cancer patients, between the ages of 18 and 80, registered with
the CANSA office in the Vaal Triangle area. A sample of 96 research participants was calculated, based on a
95% confidence level and confidence interval of 6. For non-response, 10% was added to the sample size. So, the
final sample size recruited for the study was 106. This sample was adequate for the study and valid to perform

statistical tests.
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2.1. Ethical Considerations

Ethical permission for the study was obtained from the ethics committee of the Department of Health Studies of
the University of South Africa.The research proposal for this study also went through CANSA to ensure ethical
considerations were met and that there was face-validity. All women between the ages of 18 and 80 diagnosed
with cancer, and registered with the CANSA Vaal Triangle offices were included in the sampling frame to avoid
bias.

Research participants voluntarily agreed to participate in the study and written information consent was ob-
tained from all participants. Participants were informed that they could withdraw from the study at any point and
that, if they so desired, their questionnaire would be destroyed. Anonymity and confidentiality were assured and
maintained throughout the study. To ensure confidentiality, no form of identifier was used in the questionnaires,
except the name of the research assistant. Interviews were conducted immediately after obtaining the written in-
formed consent, or scheduled for the next convenient day thereafter. There was only one person who did not
want to participate, and this was because no monetory incentive was given for participation.

2.2. Data Analysis

Epi-info 7 computer software was used to perform statistical analysis. The results were summarised using de-
scriptive statistics, expressed as frequency distributions and percentages for variables of interest. Association
between the variables was tested by means of contingency tables and the chi-square (5°). Odds ratios (OR) with
95% confidence intervals were calculated. In this study, the OR was the main ratio used as the risk ratio (RR) is
not relevant for case control studies. The odds ratio compares the odds of exposure to the factor of interest
among cases to the odds of exposure to the factor among controls.In a case-control study like this one, a prede-
termined number of cases and controls are selected, so their numbers may not reflect the proportions of diseased
and non-diseased in the population. It is for this reason that the risk ratio, relative risk and risk difference were
not calculated. Contingency tables and Chi-square were computed to describe the statistical significance of the
relationship between night shift work and the development of breast cancer.

3. Results

A total of 106 cancer patients were interviewed using structured questionnaires, which means the response rate
was 100%. The age of research participants ranged from younger than 18 to older than 75 years. Sixty-seven
percent (n = 71) of the research participants were in the age group 36 - 65 years. There was no statistical sig-
nificant difference between the two groups (case and control) for age distribution (p = 0.745).

With regard to racial distribution, the majority of research participants were black (African) women (67%, n =
71) and whilst 30% (n = 35) were white. There was no statistically significant difference between the two racial
groups with regard to cases and controls (p = 0.303). Table 1 below depicts the socio-demographic characteris-
tics of the research participants.

Table 1. Socio-demographic characteristics of research participants.

Race
Black White Total
Age

Younger than 18 1 1
18-25 3 - 3
26 - 35 9 4 13
36 - 45 16 2 18
46 - 55 25 9 34
56 - 65 9 9 18
66 - 75 7 6 13
Older than 75 2 4 6

Marital status
Divorced 6 2 8
Married 27 24 51
Single 22 1 23
Widowed 17 7 24
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The majority of the research participants (86%, n = 92) reported menarche between 11 and 15 years of age
with the mean and median age being 14 years. The distribution of age at first mense was similar for the cases
and controls (p = 0.0899).

With regard to genetic predisposition, 57% (n = 60) of the research participants reported a history of cancer in
their family. Forty percent (n = 23) of breast cancer cases reported having a family history of breast cancer,
whilst 24% (n = 15) of breast cancer cases reported having a family history of other types of cancer. Of the re-
search participants with other types of cancer, 16% (n = 8) reported having a family history of breast cancer,
whilst 29% (n = 14) reported a family history of other types of cancer.

Fourteen percent of the beast cancer cases reported sleeping with a light on at night, whilst 20% of controls
reported sleeping with a light on at night. The researcher then calculated both the odds ratio and Chi-square. The
odds ratio was 0.637. The chi-square test also showed no statistical difference between the control and cases, x°
of 0.759 (95% CI = 0.2295 to 1.7665). The p-value is 0.384. This result is not statistically significant at p < 0.05.

In total, 86 participants reported having been employed, the majority of whom started working at between 17
and 20 years of age. The age at first employment was similar for the two groups (p = 0.676). Table 2 shows the
distribution of research participants according to the age they started working.

With regard to the relationship between working night shift and the development of breast cancer, nearly a
third (31.58%, n = 18) of research participants in the breast cancer group indicated ever having worked night
shift, while 27.08% of the other types of cancer group also reported having ever worked night shift. Contingency
tables were used for statistical tests. The calculated odds ratio was 1.24. Thus, women who work night shift have
a 24% higher chance of developing breast cancer than the participants with other types of cancer. We are 95%
confident that the true odds ratio is between 0.5328 and 2.8982. Because this value spans 1, the increased odds
(OR 1.2426) of working night shift among research participants with breast cancer do not reach statistical sig-
nificance. This was further indicated by the Chi-square calculation, which gave a p-value of 0.6149. This value
is very low. Hence, the relationship between exposure to working night shift and developing breast cancer was
not considered to be statistically significant. Thus, working night shift probably does not lead to a higher risk of
developing breast cancer. Table 3 and Table 4 show the statistical calculations performed.

Table 2. Ageat first employment.

Cases Control
Age Frequency Percentage Frequency Percentage
15 1 2% 0 0%
16 1 2% 1 2.5%
17 1 2% 5 13%
18 5 11% 6 15%
19 6 13% 5 13%
20 10 21% 4 10%
21 1 2% 1 2.5%
22 2 4% 3 8%
23 1 2% 2 5%
25 1 2% 5 13%
26 11 24% 1 2.5%
30 2 4% 3 8%
35 4 9% 1 2.5%
36 1 2% 1 2.5%
37 1 2.5%
TOTAL 47 100% 39 100%

)
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Table 3. Odds ratio for night shift work.

Parameters Point estimate 95% confidence interval
Lower Upper
Odds Ratio 1.24 0.53 2.89
Risk Ratio 1.08 0.72 1.63
Fisher Exact 0.49 3.18

Table 4. Chi-square calculations.

Value Degree of freedom 1 Tailed P 2 Tailed P
Chi-square 0.25 1 0.61
Fisher exact 0.39 0.67
No of valid cases 105

A total of 28 women reported they had done rotating shift work, compared to only one woman who reported
to have worked night shift only. The OR for the relationship between working rotating shifts and the develop-
ment of breast cancer was 1.445, which was found to be small to determine the statistical significance of the re-
lationship. Chi-square was also computed to ascertain the relationship between the two variables. The Chi-
square calculation was not statistically significant with a value of 0.630 (df = n — 1, p-value = 0.427).This value
also showed no statistically significant relationship between working rotating shifts and the development of
breast cancer.

4. Discussion

The study was carried out to describe the relationship between night shift work and the development of breast
cancer. For the purposes of the study, 106 women were interviewed. Of the 106 research participants inter-
viewed, 57 were patients with breast cancer and 49 with other types of cancers (forming the control group).
Seventy-one were black women and 35 were white women. Forty-one (39%) of women diagnosed with breast
cancer were black and16 (15%) were white. For those with other types of cancer, 28% (n = 30) of the women
were black, whilst 17% (n = 18) were white. Sixty-seven percent (n = 71) of the research participants were aged
between 36 and 65 years.

The variables which influence the development of breast cancer, were similar across the cases and controls.
The distribution of variables such as age at first menses, age at birth of first child, history of breast feeding and
parity were similar across the cases and control group. Testing of genetic predisposition variables followed the
general finding of other studies of a high reported family history with 40% of breast cancer cases in this study
reporting a family history of breast cancer, compared to only 16% of the control group.

Scheer and co-authors, demonstrated that shift work is a risk factor for many health problems [10]. To main-
tain the demand for improved efficiency in some industries, there has been an increasing drive towards the use
of shift workers. Costa also indicated that women can be more vulnerable to shift-work because of their more
complex circadian rhythm and extra demands related to family life [11]. Other studies have analysed the rela-
tionship between shift-work and the development of breast cancer.

Of the research participants in this study who reported having worked night shift (n = 31), the majority (90%,
n = 28) had worked rotating shifts, while only 10% (n = 3) reported having worked either regular night or eve-
ning shift. The odds of having ever worked night shift are 1.24 higher in breast cancer cases compared to re-
search participants diagnosed with other types of cancer for whom it was 0.80 (p = 0.610).

Eighteen (32%) of breast cancer cases reported working night shift. In terms of best describing participants
night shift work patterns, the study found that about 30% of breast cancer cases actually worked rotating shifts,
rather than regular night shift. Only 1.7% of breast cancer cases reported regular night shift work. In the control
group, this was more evenly distributed with 22% of the control group reporting night shift working, whilst 24%

(n = 12) reported rotational shift work.
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The odds of working rotating shifts are 1.4 greater in breast cancer research participants than those with other
types of cancer, for whom it is 0.79 (p = 0.42). A larger number of research participants reported working rotat-
ing shifts than only night shift, and the odds ratio was higher for rotating shift work than night shift (including
both rotating and regular night shift). However, working rotating shifts had no statistically significant relation-
ship to the development of breast cancer, even though the odds in favour of development of breast cancer in
women who worked rotating shift were greater than those with other types of cancer. There was also no statisti-
cally significant relationship between working regular night and evening-shifts and the development of breast
cancer. The odds ratio found in this study is slightly lower than that reported by Megdal and co-authors who
found a summary relative risk of (RR) 1.48 (95% CI 1.36 - 1.91) in a meta-analysis of the data on night shift
work and breast cancer [12].

The current study demonstrated that there was no statistically significant association between women engaged
in night shift work and the development of breast cancer. However, the odds of working night shift among
breast cancer cases are 1.24 greater than those for the control group (OR = 0.80), and 1.4 for rotational shift
work. While the estimated odds ratio in this study is larger for breast cancer cases there was no statistically sig-
nificant difference between the breast cancer cases and the control group (x* = 0.25, p-value = 0.61). When clas-
sifying night shift work as a “probable carcinogen” the IARC working group noted that a number of existing
studies in humans were limited to nurses [6]. This study was not limited to nurses or health workers as the rela-
tionship between night shift work duration and breast cancer risk was similar for those employed in health and
non-health occupations [13]. The current study did not consider occupational category to be a confounder.

A study conducted by Lie and co-authors found that there was an increase in the risk of breast cancer among
women working night shift for more than 30 years [14]. The current study tested the relationship between night
shift work and breast cancer in women who had worked night shift between 5 and 20 years. Schernhammer and
co-authors reported an increased breast cancer risk for postmenopausal women following more than 30 years of
rotating shift work [15], whilst Schernhammer and co-authors (2006) reported a breast cancer risk in premeno-
pausal women working rotating-shift for more than 20 years [16]. Therefore, the results of this may be inconsis-
tent with results of other studies due to the length of occupation (more than 20 years) that the women were ex-
posure [15] [16]. The findings of the current study are, however, consistent with a population-based case-control
study which showed a non-significantly increased risk for those engaging in shift work for over 20 years [17].
The inconsistency of findings from these studies may be explained, in part, by variations in definition of shift-
work and study design, potential recall bias, focus on a single profession versus multiple professions, and in-
complete adjustment for confounding factors [18].

In conclusion, the results of the current study demonstrate no statistically significant relationship between
night shift work and the development breast cancer. Other studies found an association between breast cancer
development and night shift work in premenopausal women who work rotating shifts for more than 20 years,
and postmenopausal women who work rotating shifts for more than 30 years [15] [16]. Industry’s attempts to
improve their efficiency through an increasing drive towards using rotating shifts, women getting more involved
in industries and work previously reserved for men, coupled with the vulnerability of women’s health to shift-
work, makes an understanding of the work patterns which increase the risk for breast cancer vital. We need to
understand how night shift work influences the breast cancer pathway, so as to inform policy makers about pos-
sible preventative and even curative measures in the fight against this potentially fatal condition.

5. Limitations of the Study

This study encountered some limitations, including representativeness of the research participants, and the study
sample size.

For the purposes of this study, the researcher used a non-probability sampling method, as it is difficult to use
probability sampling and select research participants randomly in a case-control design. Because the study
population consisted of women at one CANSA office, the results may not be generalisable to all women with
breast cancer. However, they can be used as a foundation for more sensitive research designs.

Even though the researcher focused on testing participants’ perceived views perception testing, the data-col-
lection instrument, which was a structured questionnaire with closed-ended questions, might have limited re-
search participants’ ability to express their personal views. Conducting a thorough literature review, did ensure
that the researcher included a broad choice of responses for a number of questions.
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6. Conclusion

Since breast cancer is becoming a major cause of death, preventing or limiting exposure to known carcinogens
appears to be a logical way to reduce the incidence of breast cancer, and cancer in general. With the increasing
incidence of breast cancer, there is a real need to consider taking all appropriate and effective measures against
proven links to breast cancer, with the aim of reducing the burden on healthcare systems [19]. Thus, it is neces-
sary to modify public health activities, such as campaigns, to improve the understanding of the consequences
and risks of night shift work and how to minimise the development of breast cancer.
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