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Background: Leisure-time physical activity(LTPA) is associated with a reduced risk of breast
cancer, but this has less been investigated by cancer subtypes in Africans living in Sub-Saharan
Africa(SSA). We examined the associations between LTPA and breast cancer including its
subtypes in Nigerian women and explored the effect modification of body size on such
associations.

Methods: The sample included 508 newly diagnosed primary invasive breast cancer cases
and 892 controls from the Nigerian Integrative Epidemiology of Breast Cancer(NIBBLE)
Study. Immunohistochemical(IHC) analysis was available for 294 cases. Total metabolic
equivalents(METS) per hour/week of LTPA were calculated and divided by quartiles(Q1 <3.75,
Q2:3.75-6.69, Q3:6.70-14.74, Q4:14.75 <). We applied logistic regressions to estimate the
adjusted Odds Ratios(ORs) between LTPA and breast cancer and by its molecular subtypes and
whether age-adjusted associations are modified by BMI.

Results: The mean age(MeanzSD) of cases vs. controls(45.5 + 11.1vs.40.1 £ 9.0) was higher,
and the mean total METSs hour/week was higher in controls vs. cases(11.9 + 14.9vs.8.3 + 11.1 p-
value<0.001). Overall, 43.2%(N = 127/294) were classified as HRP, and 41.8%(N = 123/294)

as TNBC. Women in the higher LTPA quartiles(Q3-Q4) vs. Q1 had lower odds of having

breast cancer(ORqa4ys.01=0.51,95%C1:0.35-0.74) and TNBC(ORqa4ys.q1=0.51, 95%CI:0.27-0.96),
but not HRP(ORq4ys.01=0.61,95%C1:0.34-1.09) after adjusting for age, age at first menarche,
body size, breastfeeding, menopausal, parity, contraceptives, demographics, alcohol, smoking, and
physical activity at home and work. Lastly, LTPA and its age-adjusted association with breast
cancer was more pronounced in women with BMI< 30 vs. BMI 30 +.

Conclusions: LTPA may reduce the risk of breast cancer, especially TNBC, which is the more
aggressive and prevalent molecular subtype of breast cancer in SSA.
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Introduction

The incidence of breast cancer in Sub-Saharan Africa(SSA) is rising, and it is the most
common cancer in Nigerian women [1]. In Nigeria, which constitutes nearly 52% of the
population of West Africa and 16.7% of all Africans, breast cancer incidence increased by
approximately 25% per decade from the estimated age-standardized incidence rate(ASR)
of 13.7/100,000 in 1960-1969-41.7/100,000 in 2018 [2]. In 2020, the estimated amount of
newly diagnosed breast cancers in Nigeria was 28,380 which is 39.4% of all new cancers in
Nigerian women and 15.2% of all new breast cancer cases in Africa [1,3].

Several factors are responsible for the rising rates of breast cancer in SSA. These include
increased life expectancy thereby increasing the number of women growing into cancer-
bearing old age, reduced risk of death from competing causes such as infections, social-
economic development [4], lifestyle changes including older age at first birth, reduced
parity, and reduced duration of breastfeeding, as well as a higher prevalence of obesity and
physical inactivity [1,4-9]. In Abuja, an urban city in Nigeria, a survey reported that most
Nigerian women (74%) were overweight or obese [10].
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Furthermore, the prevalence of physical inactivity in SSA has increased recently as the
population transitioned from a predominantly rural and agrarian culture to more developed
urban, socioeconomic systems [4-6]. In Nigeria, more than 80% of urbanized adult women
are physically inactive and do not meet the World Health Organization’s (WHO) criteria
for minimum levels of leisure time physical activity needed to maintain a healthy lifestyle.
This places Nigerian women at a higher risk for chronic diseases including breast cancer
[5,6,11-14].

Leisure time physical activity (LTPA) can be associated with a reduced risk of breast
cancer through several biological mechanisms. Women with high levels of LTPA have
lower serum estradiol and higher sex hormone-binding globulin levels regardless of obesity
[15,16]. Exercise may influence breast cancer risk by inducing a systemic anti-inflammatory
effect, which may be mediated through a reduction in visceral fat mass [16-18]. Acute
physical activity is associated with oxidative stress, human adaptation to repeated exercise
leads to the development of a protective anti-oxidant effect associated with reduced cancer
progression and metastasis [16,19]. In addition, physical activity reduces insulin resistance
and circulating leptin and insulin levels, while increasing adiponectin, Insulin-like growth
factor binding protein (IGFBP)- 1, and IGFBP-3 levels [18-22]. These influence the
associations between the insulin pathway and breast cancer development and progression
[12,17,18,23-26].

Recent studies also show that LTPA is associated with various molecular subtypes of breast
cancer [27-29]. In a matched case-control study among 698 pairs of Spanish women,

those who report adherence to international physical activity recommendations entail a
significant decrease in the risk for all pathologic breast cancer subtypes(e.g., hormone
receptor-positive(HRP) and human epidermal growth factor 2(HER2)+ tumors) [27]. In

the European Prospective Investigation into Cancer and Nutrition(EPIC) study, during 11.6
years of median follow-up, moderate to high levels of total physical activity reduced the
risk for breast cancer by 8-13%, and for combined recreational and household physical
activity(active vs. not active), the strongest association was observed for HRP with adjusted
hazard ratios(HR)= 0.84%, and 95% confidence interval(Cl):0.74-0.96)(p-trend=0.02) [29].

In SSA, however, only a few studies examined the relationships between LTPA and breast
cancer risk including its molecular subtypes in African women [30-32], and to the best

of our knowledge, no study has focused on triple-negative breast cancer(TNBC), the more
aggressive and prevalent molecular subtype of breast cancer in SSA [30,31].

Since LTPA is one of the potentially modifiable risk factors for reducing the risk of breast
cancer, studies of its prevalence and association with breast cancer risk are likely to be
informative and contributory to public policy [33]. Therefore, this study aimed to examine
the associations between LTPA and breast cancer risks as well as with its molecular subtypes
e.g., HRP and TNBC and to explore whether such association is modified by body size in
Nigerian women.
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2. Materials and Methods

2.1. Study design and setting

We studied women who enrolled in the Nigerian Integrative Epidemiology of Breast
Cancer(NIBBLE) Study, a case-control study of female breast cancer. The study recruited
participants at six government hospitals in Nigeria, five of whom are located in Abuja(% of
recruited participants by hospital)(National Hospital(24.1%), University of Abuja Teaching
Hospital Gwagwalada(42.3%), Asokoro District Hospital (12.1%), Garki Hospital(5.7%)
and Wuse General Hospital(1.7%)) and the sixth hospital, the University of Nigeria
Teaching Hospital(14.1%), in Enugu, between 1/2014-7/2016. The details of the study
design and setting have been previously published [2].

2.2. Participants

Overall, 508 newly diagnosed patients with primary invasive breast cancer aged > 25 years
were identified at their first clinic visit. Research nurses informed potential participants
about the study and obtained informed consent from most of them(94.0%). Age-matched
hospital-based controls(N = 892) who did not have cancer or endocrine diseases and were
within + 5 years of the age of specific breast cancer patients enrolled within one month

in the same hospital(Fig. 1). Research nurses conducted face-to-face interviews in medical
clinics for controls(98.5%) as well as for cases(80.6%) or in medical wards(19.4%) in
English (70.6%) or local Nigerian language(29.4%) according to the patient’s preference.

2.3. Breast cancer ascertainment

Needle core biopsies were performed using Bard Magnum Biopsy Gun®. Breast specimens
were fixed in 10% neutral buffered formalin and processed within 48 h of fixation with

a minimum fixation time of 8 h in Leica® automatic tissue processors at the African
Collaborative Center for Microbiome and Genomics Research(ACCME) Laboratory at the
Institute of Human Virology, Nigeria.

2.3.1. Histology—Sections of Paraffin-embedded blocks were cut at 3—-4 um and stained
with hematoxylin and eosin stains. Histological features were classified according to 2003
WHO classification of breast diseases and graded using the Nottingham modification of the
Bloom-Richardson grading [35]. The 508 cases had final histologic confirmation of breast
cancer and were included in the final study sample [2].

2.3.2.  Immunohistochemistry(IHC)—Histologically confirmed invasive breast tumors
were stained by immunohistochemical techniques using the Thermo Scientific Lab

Vision primary antibodies(clones ER-SP1;PR-SP2;Her2-SP3) and Thermo Scientific™ Ultra
Vision™ Quanto HRP DAB detection kit according to the manufacturer’s recommended
protocol. More details on the IHC procedures are provided in the supplement(S1) [36,37].
IHC was done specifically for this study using a more rigorous and standardized approach
[2]. However, we planned to perform IHC for all participants in the NIBBLE study but since
in some cases the core tissue biopsies were too small the IHC was not feasible.
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2.3.3. Ascertainment of breast cancer molecular subtypes—We classified breast
cancer subtypes using combinations of the IHC markers as follows(a) HRP were tumors that
had positive estrogen(ER) or progesterone(PR) tests and(b) TNBC were tumors that lacked
all 3 markers [38].

2.4. Primary exposure

For the LTPA assessment, we used a modification of the Untied States (U.S.) Nurses’ Health
Study(NHS) 11 physical activity questionnaire [4]. The questionnaire measures the average
amount of time spent per week on moderate and vigorous leisure-time activities. Participants
reported the average time per week spent on each of the following activities, in the past
year: walking, hiking, jogging, running, bicycling, dancing, playing tennis, soccer, squash,
golf, swimming, aerobics, weightlifting or resistance exercise. We calculated participants’
metabolic equivalents (METSs)-hour/week of total LTPA by multiplying the number of hours
per week of each activity with its corresponding MET values and then summarized all the
MET values [39]. The final METS score was used to create two categories of LTPA: those
who met the WHO recommendations of at least 150 min of moderate-intensity or 75 min

of vigorous-intensity aerobic, or an equivalent combination vs. those who did not [34]. In
addition, we created categories of LTPA in quartiles of METs(Q1 <3.75, Q2:3.75-6.69,
Q3:6.70-14.74, Q4:14.75 <) based on the LTPA distribution among controls.

2.5. Covariates

We collected information on age, levels of education completed, marital status, occupation,
PA at work and home, smoking experience, alcohol use, age at menarche, parity, ever use

of oral contraceptives, menopausal status, and breastfeeding experience of more than one
month. Body Mass Index(BMI) kg/m? was categorized into < 25, 25-29.99, > 30) and
Waist-Hip Ratio(WHR) into < 0.85, and > 0.85. Extreme values of WHR < 0.7/ > 1.6 or
BMI < 10 kg/m?/ > 50 kg/m? were excluded(N = 41) [40]. To compute socioeconomic
status, we calculated the ‘wealth index’ using the following variables - house ownership and
type of house owned(e.g. home, apartment, house, or duplex); source of drinking water(e.g.
from outside, well, borehole, piped or bottled); type of cooking fuel; use of a separate room
for cooking; type of toilet; and ownership of household goods including car and refrigerator.
We used Principal Component Analysis(PCA) with varimax rotation to compute factor
scores based on the sum of responses to these variables weighted by their factor loading. We
used the first component in the PCA that explained(35%) of the variations in the data, to
generate a wealth index [41]. The wealth index variable was used to classify participants into
low socioeconomic status(<40%), middle (40-70%) and high(>70%).

2.6. Statistical analysis

To examine bivariate associations between independent variables, primary exposure(LTPA)
by cases(Total cases, N = 508; HRP, N = 127; TNBC, N = 123; Cases with unknown
subtype, N = 214) vs. controls (N = 892), we implemented Pearson’s chi-square(X2) for
categorical variables and Student’s t-test for continuous variables. For the multivariable
analysis, logistic regression models were constructed while selecting independent variables
with a p-value < 0.20 in the bivariate analysis to develop full models. To test the significance
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of the primary coefficients(non-zero slope) between LTPA and breast cancer(Total, HRP,
TNBC, Unknown subtype, separately), we used the Wald test statistic and the 95%
confidence interval(95% CI). Wald tests were also used to remove covariates demonstrating
the least significant association with total and molecular subtypes of breast cancer to
eventually create the most parsimonious models. Lastly, we constructed an interaction
term between LTPA and BMI to explore the effect modification of body size has on the
age-adjusted association between LTPA and breast cancer. Multiple imputation technique
was used to impute missing values of the independent variables after conducting missing
completely at random test (MCAR) (p-value= 0.579). We present the crude and adjusted
odds ratios(ORs) and 95%Cls of LTPA and PA recommendations with total breast cancer
cases and by its subtypes e.g., HRP and TNBC, and unknown subtype. A type | error(a.)
level of 0.05 was considered as significant for testing the study’s hypotheses. All analyses
were performed using STATA SE version 15.1(College Station, Texas).

3. Results

Overall, 57.9 % of the total breast cancer cases(N = 294/508) had ER, PR, and HER2 test
results, and were classified as HRP(43.2%, N = 127/294) and TNBC(41.8%,N = 123/294),
and 42.1 % (N = 214/508) as unknown subtype(Fig. 1). There was no difference in the
wealth index between breast cancer cases with vs. without IHC(p-value >0.425) (data not
shown).

The characteristics of the study population by total cases of breast cancer, HRP, and TNBC
compared to controls are shown in Table 1. Women with breast cancer were older(45.5 +
11.1) vs. controls(40.1 + 9.0) regardless of the molecular subtypes. In addition, breast cancer
cases vs. controls were more likely to have lower educational attainment, non-professional
jobs and be either separated, divorced, or widowed as well as they were more likely to

be postmenopausal and have high parity. Breast cancer cases were similar to controls

with regards to the age at first menstrual period, use of oral contraceptives, breastfeeding
experiences, alcohol use, and smoking status.

Prevalence of abdominal fat measured by WHR(>0.85) was higher in women with breast
cancer(68.4 vs.62.6%,p-value=0.004); but it did not differ across its molecular subtypes,
e.g., TNBC(p-value=0.565). However, the prevalence of obesity measured by BMI 30 +
was marginally lower in cases vs. controls (30.1 vs.36.3%, p-value=0.096), but not across
subtypes.

The most common LTPAs were walking, dancing, jogging/running, and hiking(Fig. 2).
Women in the control vs. case groups had higher mean total METs hour/week(11.9 + 14.9
vs.8.3 £ 11.1,p-value<0.001) and vs. TNBC(11.9 + 14.9 vs.7.8 + 9.4,p-value=0.003) but not
vs. HRP (11.9 + 14.9 vs.10.6 + 16.3,p-value=0.369). Women with breast cancer vs. controls
were more likely to be physically inactive(METs<3.75) (39.8 vs.27.4%,p-value<0.001)

and were less likely to follow the PA WHO recommendations and be more physically
inactive(73.6 vs.69.1%, p-value<0.001)(Table 1).

Cancer Epidemiol. Author manuscript; available in PMC 2023 February 07.
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There was no age difference between LTPA categories(p-value=0.396), as well as no parity
difference(p = 0.091) and menopausal status(p = 0.157). However, women at the Q4 vs.Q1
of LTPA were more likely to have unskilled manual jobs(69.9 vs.39.0%,p-value<0.001), low
wealth index(46.3 vs. 30.4%, p-value=0.005), were less likely to be obese(35.9 vs.46.8%, -
value=0.004), and be more physically active at work(61.6 vs.43.3%,p-value<0.001) (Table
2).

The crude and adjusted multivariable models showed that there is a significant inverse
association between LTPA (quartiles, WHO recommendations) and the risk for total

breast cancer (Table 3). Compared to the lowest LTPA quartile(Q1) women in the higher
quartiles(Q3-Q4) had 49% lower odds of having breast cancer (ORq4ys.01=0.51,95%
Cl:0.35-0.74). Also, women who met the WHO recommendations had 37% lower odds

of having breast cancer than those who did not (OR=0.63, 95%CI:0.47-0.85). The
significant findings included adjustment for age, age at first menstrual period, WHR, BMI,
breastfeeding experience, menopausal status, parity, use of oral contraceptives, wealth index,
occupation, marital status, education, alcohol use, smoking status, and physical activity at
home and at work.

By breast cancer molecular subtypes, women in LTPA (Q3-Q4) vs. (Q1) had 49—

60% lower odds of having TNBC (ORqa4ys.01=0.51, 95% C1:0.27-0.96). Women

who met the PA WHO recommendations vs. did not, had 44% lower odds of

having TNBC (OR=0.56, 95% C1:0.33-0.98) (Table 4). LTPA Q3 vs. Q1 was only
associated with HRP(ORq3ys.01=0.48,95%C1.0.26-0.87) but not with LTPA Q4 vs. Q1
(ORQ4ys.01=0.61,95%Cl:0.26-1.09) and not with WHO recommendations (OR=0.80, 95%
Cl:0.49-1.29) after adjustment for covariates, (Table 4). Among cases with unknown
molecular subtypes (Table S2, supplement), the final models showed reduced risks of breast
cancer by 41-73% associated with LTPA > 3.75 METSs vs. below and reduced risks by 60%
related with WHO recommendations vs. did not.

Lastly, the effect modification of body size e.g., BMI has on the target association wax
explored (Figs. 3 and 4). LTPA was associated with breast cancer only among women
with BMI< 30 and not among women with BMI 30 + (p-value=0.043). By breast

cancer molecular subtypes, the age-adjusted interaction term between LTPA and BMI was
marginally significant in HRP (p-values=0.072) and TNBC (p-value= 0.156).

4. Discussion

In this case-control study of 1400 women utilizing data from the NIBBLE Study, we
confirmed the inverse association between higher LTPA and reduced risk of breast cancer
in African women. Specifically, the study showed that LTPA of > 6.70 METS hour per
week or following the WHO recommendations is associated with a reduction of up to 49%
in the odds of having breast cancer among Nigerian women. The study also showed that
the target associations of LTPA varied between molecular subtypes, e.g., HRP, and TNBC,
which indicate hormone-related mechanisms.

Cancer Epidemiol. Author manuscript; available in PMC 2023 February 07.
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Our result is consistent with findings from other breast cancer studies on African women
[11-13]. For example, a multi-country case-control study of 558 cases and 1014 controls
from Nigeria, Cameroon, and Uganda who completed culturally tailored physical activity
questionnaires showed that physical activity was significantly associated with up to 60% risk
reduction in breast cancer [11]. Another case-control study conducted in Tunisia among 800
participants aged 25-75 years showed significant risk reductions of 58-73% in breast cancer
between the highest vs. the lowest level of lifetime history of physical activity [13].

In the current study, the inverse association of LTPA (e.g., quartiles and WHO PA
recommendations) was more pronounced in women with TNBC and less so in women

with HRP. Examining TNBC in relation with LTPA is the first study in African women and
similar to findings in other populations [14,18,27-29,42,43]. For example, a multi-center
population-based case-control study of young women in the U.S. showed a 27% reduction in
the risk of TNBC [44]. As opposed to our finings regarding the relationship between LTPA
and HRP, a study utilizing data from the Women’s Health Initiative examined the baseline
recreational physical activity and the risk of breast cancer subtypes, eight years later.
Women in the highest recreational physical activity category had a significantly reduced
risk of triple-negative and estrogen receptor-positive breast cancer compared to women who
reported no recreational physical activity [19].

Our study also explored the role of BMI in physical activity’s association with breast cancer.
Only in non-obese women i.e., BMI< 30, higher LTPA was associated with a reduced

risk for breast cancer. This points to a potential mechanism linking LTPA to breast cancer
regardless to its effect on weight loss, another cancer-relevant risk factor [10,45]. In obese
women i.e., BMI 30 +, however, no such association has been observed suggesting that

a higher level of LTPA may be needed to see a decrease in cancer incidence or with a
combination of weight loss. Overall, increasing LTPA among Nigerian may be an effective
strategy since the burden of cancer attributed to overweight and obesity in Nigeria is
relatively small [10]. Further research is needed to examine the mechanism by which LTPA
is linked to breast cancer beyond its effect on weight loss in African women [14].

In the current study, the majority of the participants(69.1-73.6%) did not meet the PA WHO
recommendations of minimum levels of physical activity and this is similar to the findings
from our previous study of LTPA among urbanized Nigerians [5]. Compared with the global
average, where only 1 in 4 adult does not meet the WHO recommendation, the prevalence

of physical inactivity in urbanized Nigerian women is significantly high [46]. Furthermore,
the median LTPA in our overall study sample(N = 1400) was a total of 6.0 METs-hour/week,
which is lower than the median activity level of 8.0 METs-hour/week found in studies done
in the US and Europe [14].

In this study sample, the commonest LTPAs were walking, dancing, jogging/running, and
hiking. This is similar to the findings of other studies in Nigeria [5]. In Africa, dancing

most frequently occurred during religious observances, therefore intervention programs to
encourage uptake of physical activity should consider approaches that enhance and promotes
current, culturally relevant practices [5].

Cancer Epidemiol. Author manuscript; available in PMC 2023 February 07.
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Numerous case-control and cohort studies suggest there is an overall average of 20-25%
reduction in risk of breast cancer associated directly with increased physical activity
[6,7,47,48]. Although our findings are similar to these previous studies, the potential

risk reduction in our population is much higher after controlling for obesity, lifestyle

factors, fertility covariates, other physical activities including at home and work, and socio-
demographic factors. This is because of the currently high levels of physical inactivity

in Nigerian women. Although the incidence of breast cancer in Nigeria is lower than in
high-income countries, increasing LTPA may attain some reduction in the rising incidence of
breast cancer in this population.

The study limitations include recall bias, the potential impact of breast cancer on levels

of LTPA, and the use of a self-reported questionnaire [49]. Previous studies of LTPA

in Nigerian women without breast cancer, however, showed similar results to our study
[5]. We did not adjust for family history of breast cancer, but previous studies showed

a low prevalence of this risk factor in Nigerian breast cancer patients. We also did not
adjust for foods and nutrients, but we did adjust for BMI, WHR, and alcohol intake, the
dietary factors most consistently associated with breast cancer risk [10,50]. The study used
a modification of the U.S.(NHS) Il physical activity questionnaire, which has not been
extensively validated in African populations. However, the questionnaire included the option
to add other activities that were not specified in the questionnaire e.g. yoga. The study
covers the most common LTPAs among Nigerian women, which are walking, dancing,
jogging/running, and hiking [5].

Despite these limitations, the strengths of our study include histological and IHC
confirmation of breast cancer and its molecular subtypes, a large sample size with sufficient
power to detect significant results, the inclusion of a broad range of well-established
covariates and confounders such as fat mass, fertility factors, demographic variables, types
of occupation, and other PA e.g., at work and home, as well as relative homogeneity of the
study population [11,28,51].

5. Conclusions

LTPA is associated with a reduced risk for breast cancer including its molecular subtype,
TNBC, which is a more aggressive and prevalent in women living in SSA. In low- and
middle-income countries where the incidence of breast cancer is rising, increasing LTPA
may be an effective strategy for addressing this growing public health concern.
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Acknowledgments

We acknowledge the staff of the Research Department of the Institute of Human Virology, Nigeria, and the clinical
sites where participants were enrolled.

Cancer Epidemiol. Author manuscript; available in PMC 2023 February 07.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bigman et al. Page 10

Funding

The project described was supported by the Training Program in Nigeria for Non-communicable Diseases
Research (TRAPING NCD, D43TW009106 from the Fogarty International Centre; the African Female Breast
Cancer Epidemiology (AFBRECANE, U01HG009784), and the African Collaborative Center for Microbiome and
Genomics Research grants (ACCME U54HG006947) from the NIH Office of the Director/NHGRI.

Additional support was received from the Maryland Department of Health’s Cigarette Restitution Fund, the
University of Maryland Greenebaum Comprehensive Cancer Center Support Grant (P30CA134274), and the
American Cancer Society Institutional Research Grant IRG-18-160-16.

The funding agencies did not play any role in data collection, analysis, or publication.

Data Availability

The datasets used and/or analysed during the current study are available from the
corresponding author on reasonable request.

Abbreviations:

ACCME African Collaborative Center for Microbiome and Genomics
Research

ASCO American Society of Clinical Oncology

ASR Age-Standardized incidence Rate

BMI Body Mass Index

CAP College of American Pathologists

Cl Confidence Interval

EPIC European Prospective Investigation into Cancer and Nutrition

ER Estrogen Receptor

HER2 Human Epidermal Growth Factor 2

HR Hazard Ratios

HRP Hormone Receptor-Positive Breast Cancer

IHC Immunohistochemistry

IGFBP Insulin-Like Growth Factor Binding Protein

LTPA Leisure-Time Physical Activity

METs Metabolic Equivalents

NHS Nurses’ Health Study

NIBBLE Nigerian Integrative Epidemiology of Breast Cancer

MCAR Missing Completely at Random
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PA Physical Activity
PCA Principal Component Analysis
PR ProgesteroneReceptor
SSA Sub-Saharan Africa
TNBC Triple-Negative Breast Cancer
u.s Untied States
WHO World Health Organization
WHR Waist-Hip Ratio
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Flowchart describing the study samples by controls, breast cancer cases, and its molecular
subtypes, the Nigerian Integrative Epidemiology of Breast Cancer Study(NIBBLE), years

2014-2016.
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Fig. 2.

Mean of total metabolic equivalents (METS) per hour/week by types of leisure-time physical
activity(LTPA) while comparing breast cancer cases vs. controls, the Nigerian Integrative
Epidemiology of Breast Cancer Study(NIBBLE), years 2014-2016.
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Age- adjusted ORs between LTPA (METs hour/week) and total breast cancer stratified by
BMI, the Nigerian Integrative Epidemiology of Breast Cancer Study(NIBBLE), years 2014—

2016.
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Fig. 4.

Age- adjusted ORs between LTPA (METs hour/week) and breast cancer subtypes, HRP
and TNBC, stratified by BMI, the Nigerian Integrative Epidemiology of Breast Cancer
Study(NIBBLE), years 2014-2016.
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Table 3
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Crude and adjusted multivariable models of leisure-time physical activity and risk of total breast cancer cases
in the Nigerian Integrative Epidemiology of Breast Cancer Study(NIBBLE), years 2014-2016.

Breast Cancer

Crude Model

OR (95% Cl)

Multivariable Model®

OR (95% Cl)

Leisure-time physical activityb(meet the WHO recommendations)

Physical inactive
Physical active

P-value

Leisure-time physical activity by METs h/w

<3.75
3.75-6.69
6.70-14.74
1475 <
P-trend

d

Case/Control©
374/616
84/246

202/208
100/222
80/216
76/216

1.00
0.56 (0.42-0.74)
<0.001

1.00

0.68 (0.50-0.91)
0.44 (0.32-0.61)
0.42 (0.30-0.58)
<0.001

1.00
0.63 (0.47-0.85)
0.003

1.00

0.77 (0.55-1.07)
0.51 (0.35-0.72)
0.51 (0.35-0.74)
<0.001

BMI, Body Mass Index; Cl, Confidence Interval; METs, Metabolic Equivalents; OR, Odds Ratio; WHR, Waist-Hip Ratio; h, hour; w, week.

a . ) . . . .
Models were adjusted for age, age at first menstrual period, WHR, BMI, breastfeeding experience, menopausal status, parity, use of oral

contraceptives, wealth index, occupation, marital status, education, alcohol use, smoking status, physical activity at home and physical activity at

work.

Reference category- leisure-time physical inactive, those who did not meet the WHO recommendations for physical activity.

Multiple imputation was done for variables with missing values.

dReference category- leisure-time physical activity of < 3.75 METSs h/w.
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