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Metabolic syndrome is a cluster of biological irregularities that is a known risk factor for
cardiovascular disease, stroke, and diabetes. In a case-control study of 555 West African
women, we observed that metabolic syndrome was strongly associated with breast cancer and
the aggressive triple-negative molecular subtype, highlighting a need for clinical and lifestyle
interventions targeting metabolic syndrome to reduce breast cancer risk in this population.

Background: Metabolic syndrome (MetS) is characterized by a cluster of biological
irregularities. The purpose of this analysis was to examine the association of MetS with BC among
Nigerian women, and for the first time evaluate this association by molecular subtype.

Materials and Methods: MetS was defined as having at least 3 out of 5 of: high blood

pressure (= 130/85 mm Hg), reduced HDL (< 50 mg/dL), elevated triglyceride (> 150 mg/

dL), high waist circumference (= 80 cm), and prior diagnosis of diabetes or elevated fasting
glucose level (= 100 mg/dL). Among 296 newly diagnosed BC cases and 259 healthy controls,
multivariable logistic regression models were utilized to estimate adjusted odds ratios (aOR) and
95% confidence intervals (95% ClI) for the association between MetS and BC overall. Multinomial
logistic regression models were used to evaluate each molecular subtype (Luminal A, Luminal B,
HER2-enriched and triple-negative or TNBC).

Results: After adjusting for age, socio-demographic and reproductive risk factors, there was a
positive association between MetS and BC (aOR: 1.84, 95% CI: 1.07, 3.16). In stratified analyses,
MetS was associated with BC regardless of BMI status; however, the estimate was significant
only among normal weight women (aOR: 3.85; 95% CI: 1.25, 11.90). MetS was significantly
associated with TNBC subtype (aOR: 4.37, 95% ClI: 1.67, 11.44); associations for other molecular
subtypes were not statistically significant.

Conclusion: MetS appears to be a robust risk factor for BC, particularly for TNBC. Public
health and clinical interventions can provide substantial benefits in reducing the burden of MetS
and preventing BC among Nigerian women.

Keywords
Cholesterol; Hypertension; Diabetes; Nigeria; Triple-negative breast cancer

Introduction

Nigeria accounts for one-sixth of the population on the African continent, making it the most
populous country in Africa. Over the last 50 years, Nigeria has experienced dramatically
increasing breast cancer (BC) incidence rates, with estimates suggesting a 3-fold increase
from 15 to 52 cases per 100,000 from 1973 to 2012.1:2 This is particularly concerning
because BC in Nigeria has several striking epidemiologic features reflecting aggressive
disease, many of which parallel BC among African American women in the United States
(US). First, over 70% of BC cases in Nigeria are diagnosed in the premenopausal years,
between ages 20 and 50 years.1:3 This pattern has been observed among Black women

in the US and UK, but contrasts with BC observed among White women, which is

largely postmenopausal.4® Although risk factors for postmenopausal BC such as parity,
breastfeeding and mammographic density are well understood,’-? those for premenopausal
BC are not as well characterized and deserve further study. Second, 60% to 80% of
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BC cases in Nigeria are diagnosed at late-stages (I11-1V) with high-grade disease.10-13
Similar aggressive phenotypes have also been documented among Black women in the
US.12.14-16 Thjrd, BC tumors in Nigerian women are disproportionately classified as
triple-negative BC (TNBC), meaning they are receptor-negative for estrogen, progesterone,
and human epidermal growth factor.1317 BC in Nigeria has also been reported to have
mutations in several genes well known to be associated with tumorigenesis and DNA repait,
specifically, BRCA1 and BRCA2,18-20 P53 and cyclin D1.12:21 Compared to less aggressive
BC subtypes, TNBCs are less responsive to treatment due to the lack of drug-targetable
receptors and associated with poorer clinical outcomes.22 Despite this unique and aggressive
BC phenotype and exceptionally high mortality rates among women of African descent,23
few studies have focused on understanding differentially patterned risk factors associated
with increasing BC incidence and aggressive molecular subtypes among Nigerian women.

Metabolic syndrome (MetS) refers to a cluster of conditions that include central obesity,
dyslipidemia, insulin resistance, and hypertension. MetS is an established risk factor for
cardiovascular disease, stroke and Type 2 diabetes, 2427 and the individual components that
comprise MetS, including obesity,28:29 diabetes,30 and hypertension,31:32 are well known
to be associated with increased BC risk. However, MetS is increasingly being evaluated in
epidemiologic studies as a significant predictor of BC incidence,33-35 distant metastasis,36
TNBC subtype,3” and aggressive tumor biology.38:39 Strikingly, the associations between
MetS and BC are consistently larger than associations with individual conditions comprising
MetS, suggesting that there are complex biological processes underlying this association.
There is recent evidence of rapidly increasing MetS prevalence among Nigerian women,
ranging from 12% in rural areas,*° to 35% to 43% in urban areas,*1#2 and 65% to 85%
among adults with type 2 diabetes.#344 However, no study to our knowledge has examined
the association of MetS with breast cancer or aggressive subtypes in this population.

The purpose of this study is to evaluate the association between MetS and BC risk and
molecular subtypes among Nigerian women. This information may help explain increasing
BC incidence and pointedly higher prevalence of aggressive TNBC subtypes in this
population, leading to enhanced cancer prevention strategies that may be relevant for Black
women who share similar BC features.

Materials and Methods

Study Design

We have previously described the methodology for the Mechanisms for Established and
Novel Risk Factors for Breast Cancer in Women of African Descent (MEND) study in
detail.#>46 MEND recruited patients who were newly diagnosed with BC between 2015

and 2019 at 4 hospitals in southwest Nigeria. Study requirements were explained to BC
patients during their clinical visits by a trained nurse, and individuals who expressed interest
were assessed for eligibility. Participants were excluded if they were unable to communicate
in English to complete the required baseline survey, and/or had other medical conditions
that could interfere with their participation in the study. After providing written and

verbal informed consent, participants completed a questionnaire to gather information on
sociodemographic characteristics, reproductive history, and past personal and family history
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of cancer. Subsequently, anthropometric measurements were taken, and blood and tumor
biopsy samples were collected and stored in —80°C freezers until shipment to the US for
additional analysis. Participants were provided with the supplies necessary for their biopsy
in addition to an N500 telephone recharge card (valued at US $1.50) for their participation.
We obtained data on healthy controls without BC from the Human Heredity and Health
(H3) Africa Chronic Kidney Disease (CKD) Case-Control study.4” The H3 Africa study
recruited healthy, community-based adult women from Ghana and Nigeria between 2015
and 2017, overlapping with case recruitment. Like BC cases, controls provided extensive
socio-demographic, clinical, family history and behavioral risk factor data, and blood
samples. Blood samples for cases and controls were assayed in the same laboratory at the
same time, and the laboratory technician was blinded to case status. All recruitment and data
collection procedures were approved by the Institutional Review Boards at Duke University
and the participating hospitals.

Breast Cancer Cases and Subtyping

We confirmed BC diagnosis in 1 of 2 ways: (1) pathology reports of clinical biopsy samples
evaluated by a pathologist from the diagnosing hospital in Nigeria, or (2) pathologic

review of samples that were shipped to the US. If either report indicated a cancer

diagnosis, we considered the sample to be a confirmed BC case. Immunohistochemistry
was performed on confirmed cancer samples either in Nigeria as part of regular standard of
care procedures, or at the Duke University BioRepository and Precision Pathology Center.
If results from both countries were available, we used US typing because most of the
available immunohistochemistry information on cases was from the US. Estrogen receptor
(ER) and progesterone receptor (PR) status was scored using the Allred method.#849 The
intensity of staining was categorized as 0 (none), 1 (mild), 2 (moderate), or 3 (strong),

and the proportion of nuclear positivity was scored into 0 (0%), 1 (< 1%), 2 (1%-10%),

3 (11%-33%), 4 (33%-66%) or 5 (67%-100%). The numbers from these 2 scores were
summed to positive (3-8) or negative (0-2). HER2 status was categorized as negative
(scores = 0-1) or positive (score = 3).50 There were no equivocal (score = 2) results in

our sample. Based on these categorizations, cancer subtype was determined: Luminal A
(ER+ and/or PR+ / HER2-), Luminal B (ER+ and/or PR+ /HER2+) , TN (ER-/ PR~/
HER2-), or HER2 (ER-/ PR-/ HER2+). In total, 296 cases and 259 controls were included
in this analysis, and there were 124 cases with available data on ER/PR/HER?2 status for
classification into a molecular subtype.

Metabolic Syndrome and Study Covariates

At enrollment, systolic and diastolic blood pressure measurements were taken 3 times

and an average value was recorded. Further, waist circumference, height and weight were
collected by the trained research staff. Biospecimen for confirmed breast cancer cases with
completed surveys were submitted to the Duke Molecular Physiology Institute Immunoassay
laboratory for analysis and tested for HDL and triglycerides using a Beckman DxC600
clinical analyzer, and standard reagents from Beckman (Brea, CA). MetS was defined based
on the joint harmonized criteria as having any 3 of: high blood pressure (= 130/85 mm Hg),
reduced HDL (< 50 mg/d), elevated triglycerides (> 150 mg/d), high waist circumference
(=80 cm), and prior diagnosis of diabetes or elevated fasting glucose level (= 100 mg/dL).
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Reproductive and clinical characteristics, including age at menarche, number of pregnancies
and births, menopausal status, prior diabetes, and hypertension diagnosis were self-reported
by participants. Participants who self-reported a history of cancer or were missing personal
cancer history were excluded from analysis.

Statistical Analysis

Results

Differences in demographic, clinical and reproductive characteristics were compared
between cases and controls as well as by status of MetS (yes vs. no) using Wilcoxon

rank sum tests for continuous variables and ;(2 (Chi-squared) tests for categorical variables.
Univariable and multivariable logistic regression models were used to test the association
between MetS and BC diagnosis. Multivariable models were adjusted for (1) age at
enrollment only, (2) age at enrollment, age at menarche, number of pregnancies (categorized
as < 4 vs. = 4), number of births (categorized as < 4 vs. = 4), menopausal status and

prior hypertension and diabetes status and (3) additionally adjusted for BMI. Further, the
association between MetS and BC was stratified by categories of BMI (hormal weight,
overweight or obese) in univariable and multivariable models (BMI not included in
multivariable models). Among a subset of BC cases with cancer subtyping data available,
multinomial logistic regression models were used to assess the odds of Luminal A, Luminal
B, TN, or HER2 cancer subtypes compared to controls. We evaluated the prevalence of
MetS and its individual components among TN cancer subtypes and non-TN subtypes.
Additionally, we compared the distribution of MetS between Ghanaian and Nigerian
controls, and in sensitivity analyses separately evaluated the association of MetS with

BC using the 2 sets of controls. There was no statistically significant difference in MetS
prevalence between controls recruited in Nigeria and Ghana (£ = .245), and results from the
overall analysis was similar to those obtained in models evaluating control groups separately
(data not shown), therefore we present overall results. All statistical significance tests were
2-sided with A< .05 defined as significant. Statistical analyses were conducted using SAS
Version 9.4 software (SAS institute, Cary, NC, USA).

A total of 555 women were included in the study cohort, 296 (53%) were confirmed BC
cases, and 259 (47%) were controls (Figure 1). Compared to controls, cases were more
likely to have metabolic syndrome (30% vs. 17%, A< .001) (Table 1). They were also less
likely to report prior diagnosis of diabetes (1% vs. 15%, £< .001), hypertension (19% vs.
48%, A< .001) and ever having used hormone replacement therapy (0.7% vs. 15% P < .001)
compared with controls. No statistically significant differences were found between cases
and controls on age at enrollment, age at menarche, number of pregnancies and number of
live births (all Pvalue = .507). Compared to women without MetS, women with MetS were
older (P < .001) and more likely to be postmenopausal (62% vs. 48%, P=.006) (Table

2). Among cases, 5% had 4 dysregulated MetS components, compared with 2% of controls
(Figure 2).

In age-adjusted models (Table 3), MetS was associated with 2-fold increased odds of
BC (OR: 2.06, 95% CI: 1.36, 3.11). After adjusting for age, socio-demographic, clinical
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and reproductive risk factors, the association became slightly attenuated but remained
statistically significant (aOR: 1.84, 95% CI: 1.07, 3.16). In models additionally adjusted
for BMI, the association was largely consistent (aOR: 1.83, 95% ClI: 1.06, 3.15). After
stratifying by obesity status, MetS was associated with 4-fold increased odds of BC
among women with normal weight in the fully adjusted model (aOR: 3.85, 95% ClI: 1.25,
11.90). No statistically significant association was found between MetS and BC among
overweight and obese women in fully adjusted models. Increasing numbers of dysregulated
MetS components were associated with increasing odds of BC in fully adjusted models,
ranging from an almost 3-fold increase (aOR: 2.76, 95% ClI: 1.24, 6.17) for 2 dysregulated
components, to over 5-fold increased odds (aOR: 5.30, 95% ClI: 1.24, 22.75) for 4+
dysregulated components.

In multivariable multinomial logistic regression models adjusting for reproductive factors,
MetS was associated with significantly increased odds of TNBC (aOR: 4.37, 95% ClI: 1.67,
11.44), and not statistically significant but higher odds of Luminal A (aOR: 2.58; 95% CI:
0.89, 7.46), Luminal B (aOR: 1.44, 95% ClI: 0.47, 4.41) and HER2 (aOR: 1.85; 95% CI:
0.67, 5.13) BC molecular subtypes (Figure 3). Among patients with BC subtypes (Table 4),
those with TNBC were more likely to have low HDL cholesterol compared to those with a
non-TNBC subtype (76% vs. 53%); however, there was no statistically significant difference
in MetS prevalence or in any other individual components of MetS.

Discussion

In this study, we examined the association between MetS and BC among Nigerian women
for the first time and evaluated whether this association varies by molecular subtype.
Overall, we observed a higher prevalence of MetS among cases compared with controls,
and patients with MetS were more likely to be older and obese compared with those without
MetS. Further, there was a strong positive association between MetS and BC, a consistent
finding among women who were normal weight but not overweight or obese, and after
additionally adjusting for BMI. In addition, there was a strong positive association between
MetS and TNBC molecular subtype, while associations for other subtypes were positive but
not statistically significant.

These robust findings are consistent with findings among other populations. Specifically,
a systematic review and meta-analysis of 9 independent cohorts from 5 countries (US,
Italy, Switzerland, Uruguay, and Japan) that included over 97,000 females observed that
MetS increased BC risk by 47%. Other studies have also reported consistently strong
associations between MetS and BC incidence, with odds ratios ranging from 2.5 in Brazil
(95% Cl: 1.17-5.30),34 to 3.04 in Switzerland (95% Cl: 1.75-5.29),3° to 6.28 in Italy (95%
Cl: 2.79-14.11).33 The consistency of these associations is even more striking given that
prior to the publication of the joint harmonized criteria for metabolic syndrome in 2009,51
the definition of MetS varied significantly across studies regarding clinical cut-points and
number of components evaluated. Our study provides the first empirical evidence for an
association between MetS and BC in Nigerian women.
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Notably, we found a strong positive association between MetS and the TNBC subtype
among Nigerian women. Only a handful of studies worldwide, and none in Africa, have
examined the association of MetS or individual components with BC molecular subtypes,
and existing studies are conflicting. 1 study in the US found a higher prevalence of MetS in
TNBC patients relative to non-TNBC patients.3” In contrast, another study in the US found
a nonsignificant reduced risk of ER- versus ER+ hormone receptor subtype cancers with
MetS.52 Additionally, 1 study in a Chinese population found no association between MetS
and TNBC susceptibility.53 Our study contributes to the limited literature on this topic by
studying Nigerian patients and highlighting a significant role for MetS in development of
TNBC. In the same population, we have previously shown that higher C-reactive protein
levels, a measure of inflammation, is also associated with increased odds of TNBC.46

Our results lay important groundwork for future studies that may inform BC prevention
strategies among women of African descent, a population disproportionately affected by
aggressive TNBCs.

There are several possible mechanisms underlying the association between MetS and

breast cancer that may explain our findings.>4% Higher circulating insulin levels

lead to mitogenic, antiapoptotic and angiogenic tumor properties, and insulin may act
synergistically with estrogen to promote tumor cell proliferation. There is convincing
evidence that hyperinsulinemia and hyperglycemia can lead to decreased availability of
insulin-like growth factor (IGF)- binding proteins, or inhibition of sex hormone-binding
globulin production, leading to higher circulating levels of testosterone, estrogen and IGF-1,
which in turn increase mitogenic activity. There is some evidence that Metformin, often
prescribed for patients with type 2 diabetes, inhibits the proliferation of TNBC cells in vitro,
however much work remains to better understand mechanisms linking insulin and associated
pathways with the TNBC molecular subtype. Obesity has also been shown to increase
circulating leptin; leptin regulates metabolism and studies suggest that leptin resistance is a
biological mechanism in obesity. Higher leptin has been associated with tumorigenesis via
cellular proliferation, angiogenesis, and apoptosis, and in particular, increases the activity of
the IGF-1 receptor in TNBC cell lines. Although we did not evaluate insulin or leptin in the
present analysis, we hope to explore this further in future analyses. Obesity is also associated
with higher levels of circulating estrogen and estradiol, in addition to reduced production

of anti-inflammatory proteins, and reduced production of adiponectin, which inhibits tumor
growth.56

We observed strong associations for MetS among women who were normal weight,
suggesting that obesity is not a sufficient biological mechanism underlying this association.
In addition, our results provide evidence that MetS and its components are important

risk factors for BC in general, and TNBC, in particular, among Nigerian women. Further
studies are needed to better understand the biological mechanisms involved, however risk
prevention strategies focused on MetS prevention among Nigerian women may provide
significant benefits. Public health interventions including diet and physical activity, and
clinical interventions including treatment for diabetes and insulin resistance are actionable
strategies that can provide immediate benefits for the prevention of MetS and BC. With
these strategies, even modest reductions in MetS prevalence can have significant impact
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at the population level, and risk prediction models incorporating MetS can help with risk
stratification and targeted prevention.

There are several strengths and limitations relevant to the interpretation of this study.

To our knowledge, this is the first study examining the association between MetS and

BC by molecular subtype in Nigerian women. MetS was defined following the joint
harmonized criteria for MetS, enhancing comparability across studies, and measures of
MetS components were assessed in a standardized format by trained nurses. BC status was
ascertained from pathology reports, and molecular subtyping was done following standard
guidelines by a trained pathologist. There are also several potential limitations. The case-
control study design limits our ability to rule out reverse causality, however our findings
were largely consistent with other case-control studies on this topic, and other prospective
studies support our finding of significant positive associations of MetS with BC. In addition,
our measure of the diabetes MetS component relied on fasting blood glucose measures

for cases (given that only 1% of cases had a previous clinical diagnosis of diabetes) and
self-reported diabetes among controls. Despite this, we observed that having 3 or 4 out of 5
MetS components altered was associated with strong and significant associations with BC.
Other study covariates were based on self-reports at time of enrollment, increasing the risk
of recall bias. Nevertheless, these findings provide unique insights into a highly prevalent
and increasing risk factor for Nigerian women that is robustly associated with increased
risk of BC. Future studies with prospective cohort designs will be needed to address the
limitations outlined here, and molecular studies will be needed to understand the biological
mechanisms underlying these associations.

In conclusion, MetS was associated with a strong and significant increase in BC risk and
TNBC molecular subtype among Nigerian women. Aggressive public health and clinical
interventions targeting MetS, such as diet, physical activity, and treatment for diabetes
and dyslipidemia, can provide immediate benefits in reducing the burden of MetS and in
reducing the future risk of BC including TNBC.
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Clinical Practice Points

Breast cancer (BC) in Nigeria is disproportionately diagnosed in the
premenopausal years and characterized by the aggressive triple-negative (TN)
molecular subtype.

Metabolic syndrome (MetS) refers to a cluster of conditions that include
central obesity, dyslipidemia, insulin resistance, and hypertension, and is an
established risk factor for cardiovascular disease, stroke, and diabetes. MetS
is increasingly being identified in clinical and epidemiologic studies as a
significant predictor of BC incidence, distant metastasis, tumor subtype, and
aggressive tumor biology.

The purpose of this study was to evaluate the association between MetS

and BC risk by molecular subtype among Nigerian women. To our
knowledge, no prior study has evaluated this association despite increasing
MetS prevalence in this population. After adjusting for demographic and
reproductive characteristics, we found that MetS was associated with a 2-fold
increased odds of BC, and a 4-fold increased odds of the aggressive TNBC
molecular subtype.

Our findings suggest that aggressive public health and clinical interventions
targeting MetS, such as those addressing diet, physical activity, and treatment
for diabetes and dyslipidemia, may provide immediate benefits in reducing
the burden of MetS and the future risk of aggressive BC in this population.
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Figure 1.
CONSORT diagram for MetS analysis in MEND.
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Figure 2.
Distribution of number of MetS components among cases and controls.
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Figure 3.
Multivariable adjusted associations between MetS and breast cancer subtype. Logistic

regression models predicting odds of breast cancer (MetS yes vs. no) by molecular
subtype. Adjusted for reproductive and clinical characteristics: age at menarche, number
of pregnancies, number of births, menopausal status and prior diabetes and hypertension
status. aOR = adjusted odds ratio.
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