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Abstract

Background: Breast cancer has become increasingly common in premenopausal women.
Metabolic syndrome is diagnosed when an individual has three of the following five
components: low HDL cholesterol, high triglycerides, high blood sugar, high blood pressure,
and high BMLI. It affects about 20% to 25% of the global population. This study explores
whether metabolic syndrome is a risk factor for breast cancer in premenopausal women, who
experience unique health effects, yet are understudied.

Methods: The CINAHL, OVID Medline, PubMed, Scopus, and Web of Science databases were
searched in October 2022. Inclusion criteria were English language and point estimates and
confidence intervals of the association between metabolic syndrome and breast cancer risk in
premenopausal women. The search and screening process yielded 10 eligible articles, which
were synthesized and analyzed in this meta-analysis.

Results: The meta-analysis for the case-control studies produced a pooled odds ratio of 1.5,
which indicates that premenopausal women who have metabolic syndrome have about 46%
higher odds of developing breast cancer than those who do not have it. The meta-analysis

for the cohort studies produced a pooled risk ratio of 0.9, which indicates that

premenopausal women who have metabolic syndrome are about 9% less likely to develop
breast cancer than those who do not have metabolic syndrome.

Conclusions: Healthcare providers, public health professionals, and health educators could use
these findings to implement evidence-based breast cancer prevention, management, and
screening programs. Future research should explore how confounding factors and the number
and type of metabolic syndrome components affect breast cancer risk.
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Introduction

Breast cancer, the leading cause of cancer incidence and the second leading cause of
cancer mortality among females (Alkabban and Ferguson, 2023), accounted for 2.26 million
incident cases and 685,000 deaths in females worldwide in 2020 (Sung et al., 2021). According
to the National Breast Cancer Coalition (2023), a woman dies from breast cancer every 13
minutes, and about four million people in the United States were living with a history of breast
cancer as of 2019. Breast cancer has led to more disability-adjusted life years (DALYs) in
women worldwide than any other kind of cancer (WHO, 2023). Although it is more commonly
diagnosed in postmenopausal women (aged 50+ years), it has become increasingly common in
premenopausal women (aged 18-50 years) in the past two decades in both the United States and
around the globe. It accounts for 42.4% of all cancers occurring in women aged 15 to 49 years
(Haynes, 2017). About 9% of all new breast cancer cases are found in women younger than 45
years (CDC, 2023). Breast cancer incidence in the United States increased 0.7% from 2010 to
2018 among women aged 20 to 39 years and 0.4% from 2002 to 2018 among women aged 40 to
49 years (Ellington et al., 2022). Similarly, from 1998 to 2012, the age-standardized
premenopausal breast cancer incidence rates increased in twenty high-income countries (Heer et
al., 2020; Silva-Igua et al., 2020). In 2018, there were 645,000 new breast cancer diagnoses and
130,000 deaths globally among premenopausal women (Heer et al., 2020). This proportion will
continue to increase based on current trends.

Compared to postmenopausal women, premenopausal women experience more
aggressive forms of breast cancer and are more likely to be diagnosed at later stages of the
disease (Chollet-Hinton et al., 2016). Premenopausal women also face higher breast cancer

recurrence and mortality rates compared with postmenopausal women (Anders et al., 2008;



Chollet-Hinton et al., 2016; Laudisio et al., 2019). Premenopausal breast cancer is more likely
than postmenopausal breast cancer to be hormone receptor-negative, which does not have as
many treatment options as hormone receptor-positive breast cancers (Vaz-Luis et al., 2022).
While advanced breast cancer incidence rates in the United States have decreased among women
aged 60 years and older in recent decades, they have increased among premenopausal women
(Nichols et al., 2017).

Breast cancer diagnosis and treatment cause premenopausal women to experience many
adverse physical, psychosocial, and financial issues that postmenopausal women do not
experience. With regards to physical issues, they experience severe pain, weight gain, hair loss,
decreased fertility, and premature menopause (Avis et al., 2016). With regards to psychosocial
issues, they experience body image dissatisfaction, anxiety, depression, loneliness, and social
isolation (Al-Azri et al., 2014; Giacomo et al., 2016; Rosenberg et al., 2013). They also worry
about whether they will be able to work and care for young children, maintain optimal
reproductive health, and prevent recurrence when they are in remission (Avis et al., 2016;
Haynes, 2017). With regards to financial issues, they experience unemployment due to insurance
costs and an inability to find jobs that accommodate their medical needs (Avis et al., 2016). The
detrimental health effects and the growing burden of premenopausal breast cancer make it a
priority to investigate causal pathways and risk factors that might suggest prevention strategies
(Laudisio et al, 2019).

Although the specific etiology of breast cancer is unknown, there are traditional risk
factors that have been recognized, including female gender, family history of cancer, age, genetic
mutations, dense breasts and reproductive and menstrual history (CDC, 2022; Oh et al., 2017;

Srinivisan et al., 2022). However, there are also lifestyle and behavioral risk factors grit running



that individuals can change, including overweight, alcohol consumption, cigarette smoking, an
unhealthy diet, and physical inactivity (CDC, 2022; Ellington et al., 2022; Silva-Igua et al., 2020;
Surakasula et al., 2014). Several of these risk factors are related to metabolic syndrome (Grundy
et al., 2004; Moore et al., 2017).

Metabolic syndrome, also known as Syndrome X or insulin resistance syndrome,
increases the risk of developing cardiovascular disease twofold and type II diabetes mellitus
fivefold over the next five to ten years (Alberti et al., 2009; Ekinci et al., 2020; Hauner and
Hauner, 2014). It is a cluster of disorders comprising dyslipidemia, high blood pressure, insulin
resistance, and central obesity (Bhandari et al., 2014; Swarup et al., 2022, Xue and Michels,
2007). Throughout the twentieth century, its meaning has evolved from a cluster of metabolic
risk factors into a multifactorial health condition with five interrelated components. Kylin’s
definition of metabolic syndrome in the 1920s (Alberti et al., 2006) was followed by definitions
from Reaven (Alberti et al., 2006), Kaplan (Kaplan, 1989), the World Health Organization
(Alberti et al., 2009), the National Cholesterol Education Program Adult Treatment Panel 111
(Alberti et al., 2009), the American Heart Association and National Heart, Lung, and Blood
Institute (Alberti et al., 2009), and the International Diabetes Federation (Alberti et al., 2009).
The NCEP ATP III guidelines are the most frequently used diagnostic criteria, which require the
presence of three or more of the following five components: a triglyceride level above 150
mg/dl, a waistline of 35 inches or more, a blood pressure of 130/85 mm Hg or higher, a fasting
blood glucose level greater than 100 mg/dl, and a high-density blood lipoprotein level cholesterol
under 50 mg/dl (Buono et al., 2020; Dibada et al., 2018; Eskandari et al., 2020; Grundy et al.,

2004).



The metabolic syndrome prevalence rate generally increases with advancing age. About
40% to 45% of people aged 50 years and older have metabolic syndrome (Hauner and Hauner,
2014). It currently affects about 33% of adults in the United States (““What is Metabolic
Syndrome?”, 2022) and about 20% to 25% of adults in the world (Belete et al., 2021; Grundy,
2008). The metabolic syndrome prevalence rate is increasing in conjunction with the obesity
prevalence rate, which has almost doubled since the 1980s (Dong et al., 2021; Perez-Martinez et
al., 2017). Metabolic syndrome and type II diabetes have become more prevalent in
industrialized countries (Procopiou and Philippe, 2005). In 2018, more than two-thirds of adults
in the United States were overweight or obese (Flegal et al., 2012). About one-third of the global
population has obesity, and scientists estimate that 57.8% of the global population will have
obesity by 2030 (Dong et al., 2021). Compared to developing countries, developed countries
experience higher rates of obesity and metabolic syndrome due to physical inactivity and
excessive consumption of saturated fats and refined carbohydrates. However, developing
countries are increasingly adopting many of the lifestyle characteristics of wealthy and
industrialized countries (Xue and Michels, 2007).

The metabolic syndrome prevalence rate is increasing among not just the general
population, but also among younger and premenopausal women. From 2011 to 2016, the
metabolic syndrome prevalence rate increased in women and those aged 20 to 39 years by 5%
(Hirode and Wong, 2020). About 20% of people younger than 40 years in the United States now
have metabolic syndrome, and patterns suggest this proportion will continue to increase over
time (Hirode and Wong, 2020). While the obesity, diabetes, and metabolic syndrome rates are
increasing, the age of onset for those conditions is steadily decreasing (Kang et al., 2018). This

makes it important to focus on premenopausal women.



Literature Review

Previous meta-analyses and systematic reviews have consistently found that metabolic
syndrome is associated with a significantly or a moderately increased breast cancer risk in
postmenopausal women (Bhandari et al., 2014; Esposito et al., 2012; Esposito et al., 2013; Guo
et al., 2019; Pan et al., 2020; Rosato et al., 2011; Pierobon and Frankenfeld, 2013; Srinivasan et
al., 2022; Xue and Michels, 2007; Zhao et al., 2020). However, the findings in the literature for
premenopausal women remain contradictory and unclear. In general, published meta-analyses on
this topic have tended to group women of any age together or provide only limited stratified data
on premenopausal women. Only six out of sixteen previous meta-analyses and systematic
reviews have investigated the association between metabolic syndrome and breast cancer risk in
premenopausal women (Guo et al., 2019; Hernandez et al., 2014; Munsell et al., 2014; Pierobon
and Frankenfeld, 2013; Xue and Michels, 2007; Zhao et al., 2020). Three meta-analyses and
systematic reviews have found no difference in risk (Hernandez et al., 2014; Xue and Michels,
2007; Zhao et al., 2020), two have found a decreased risk (Guo et al., 2019; Munsell et al.,
2014), and one has found an increased risk (Pierobon and Frankenfeld, 2013). These
contradictory results point to a gap in the literature. Additionally, the six meta-analyses and
systematic reviews were published in 2020 or earlier, and they relied upon studies published in
2018 or earlier. This indicates that they do not include and synthesize the findings from multiple
studies that have been conducted and published after 2020. As such, this study aims to
investigate whether metabolic syndrome is a risk factor for breast cancer in premenopausal

women through a meta-analysis of the existing literature that identifies and synthesizes relevant



articles in accordance with the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA).

Data and Methods

Identification and Search Strategy

In order to identify published articles that explored whether metabolic syndrome is a risk
factor for breast cancer in premenopausal women, a systematic search was conducted in October
2022. The PRISMA flow diagram was used to guide the identification, screening, and inclusion
process for this review (Page et al., 2021) (Fig. 1).

Database Searches

After meeting with a research librarian, it was decided that we would conduct this search
in the academic library databases Cumulative Index to Nursing and Allied Health Literature
(CINAHL), Ovid MEDLINE, PubMed, Scopus, and Web of Sciences. These databases spanned
multiple topics that related to my project, including health sciences, life and biomedical sciences,
medicine, allied health, and public health. Standardized keywords were then searched across all
databases. Boolean search modes were used with term combinations aimed to capture the
independent and dependent variables, as well as the population. For the independent variable of
metabolic syndrome, the terms “metabolic syndrome” OR “insulin resistance syndrome” OR
“syndrome X were used. For the dependent variable, the terms “breast” AND (“cancer” OR
“malignancy” OR “neoplasm” OR “tumor” OR “growth” OR “lump”)) were used.

For the population, the terms “premenopausal women” OR “pre-menopausal women” OR
“young women” OR “younger women” OR “menstruating women” were used. All of the above

keywords were searched in the aforementioned databases using AND Boolean operators. The



full keyword string can be found at the top of the PRISMA flow diagram (Fig 1). In addition to
the key terms mentioned, a filter for the English language was used to narrow the search results
to align with the inclusion criteria. No date or geographic setting restrictions were imposed to
ensure a review of all relevant studies. Fig. 1 shows the number of articles produced by each
database, as well as the duplicates that were removed.
Other Identification Strategies

In order to obtain a comprehensive list of studies, citation searching or snowballing
methods were used to identify studies that may not have been captured by traditional database
searching. Citations of previously mentioned meta-analyses on the relationship between
metabolic syndrome and breast cancer risk in premenopausal women (Guo et al., 2019;
Hernandez et al., 2014; Munsell et al., 2014; Pierobon and Frankenfeld, 2013; Xue and Michels,
2007; Zhao et al., 2020) were screened to identify individual studies that align with the inclusion
criteria for this review. Articles identified from snowballing were included with articles
identified from database searching in the screening process to ensure that they underwent the

Same process.

Screening and Inclusion
After completing database and snowball searches, there were a combined 460 articles to
screen for inclusion and exclusion criteria. These studies were imported into RefWorks to
eliminate duplicates and to facilitate the literature screening process of all non-duplicated articles
containing titles and abstracts (327 total). In order to be included in this meta-analysis, the study
must be in the English language, include metabolic syndrome as the independent variable,
include breast cancer incidence as the dependent variable, include premenopausal women as the

population, and contain point estimates and 95% confidence intervals. 17 meta-analyses and



systematic reviews and 8 review articles were excluded from this analysis. Additionally, six
articles were excluded because they did not contain sufficient data on premenopausal women for
a meta-analysis, nine articles because they only contained data on breast cancer mortality instead
of incidence, and 57 because they contained data on only one metabolic syndrome component
and not metabolic syndrome. The number of articles excluded for each criterion are shown in
Figure 1.

After review of titles and abstracts, articles were included only if they aligned with the
aforementioned inclusion and exclusion criteria. Following this screening of all search results,
ten articles were determined to align with the necessary criteria for this meta-analysis. Of these
articles, 4 were case-control studies, and 6 were cohort studies. The included articles utilize data
ranging from 1993 to 2014, and they cover 9 countries and geographic regions. The descriptive
characteristics of the included articles can be found in Table 1.

Independent and Dependent Variables

The independent variable for this analysis was metabolic syndrome.
JANE MILLER
Separate paragraphs for each
major variable, with citations.
Discuss whether the included
studies all used a consistent
definition of MS, and if so, what
that definition was. You can
refer back to (avoid repeating

the details of) definitions given
in the intro.

The dependent variable was breast cancer incidence, which measures how commonly or
frequently breast cancer occurs in a certain population over a given period by calculating the

number of newly diagnosed cases. It is also a measure of risk because it determines the



likelihood of an individual developing breast cancer over a certain time period (Schneider and
Lilienfeld, 2015).
Analytical Plan

In order to investigate the association between metabolic syndrome and breast cancer risk
in premenopausal women, [ will conduct a meta-analysis in Stata of the point estimates and 95%
confidence intervals from previously published individual studies on this topic, stratified by two
different study designs: case-control and cohort. (Advanced Research Computing Statistical
Methods and Data Analytics, 2021).

The generation of meta-analysis estimates in Stata automatically assigned weights based
on the precision of the results, pooled odds and risk ratios, confidence intervals, and
heterogeneity ratings (Advanced Research Computing Statistical Methods and Data Analytics,
2021). With regards to weighting of studies, studies with larger sample sizes and narrower
confidence intervals had more precise results and were thus assigned higher weights. Compared
to studies with smaller sample sizes and wider confidence intervals, these studies had a greater
contribution to the overall calculation of pooled odds and risk ratios (Cooper, 2016; Petitti,
1999). Pooled odds and risk ratios and confidence intervals were calculated based on the weights
of each individual study and can be interpreted as the overall effect size for each of the two study
designs.

The heterogeneity rating is a measure used to represent the overall level of variation or
diversity between individual studies combined in the meta-analysis (Petitti, 1999). Higher levels
of heterogeneity make it difficult to compare results between studies because there may be
problematic differences or inconsistencies that are due to something besides chance (Israel and

Richter, 2011; Petitti, 1999). The heterogeneity figure used in this analysis was the inconsistency
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index I?, which describes the percentage of variation between studies that is due to heterogeneity.
An I? value of 75% or higher indicates a substantial level of heterogeneity that can point to
potentially problematic inconsistencies between studies. This means that the summary estimate

must be interpreted with caution (Cooper, 2016; Haidich, 2010).

snciclbetween studies

JANE MILLER

specify inconsistences IN WHAT?
could be study design, sample
size, location/year, or things

ot her than variation in odds
ratios (or relative risks) which |
believe is the aspect of
heterogeneity summarized.

Results

Descriptions of Included Studies

After the identification and screening process was completed, ten scholarly articles on the
association between metabolic syndrome and breast cancer incidence in premenopausal women
were chosen for inclusion in the study. This review includes data that was collected from 1974 to
2014. Studies were conducted in various countries, including China, India, Italy, and Korea.
Sample sizes ranged from 50 to 7.8 million premenopausal women or women aged less than 50
years. Descriptive characteristics of the individual studies can be found in Table 1.

The study designs included four case-control studies and six cohort studies.

Meta-Analyses of the Association between Metabolic Syndrome and Breast Cancer
Incidence in Premenopausal Women

Case-Control Studies

11



Two separate meta-analyses were run: one for case-control studies and one for cohort
studies. As shown in Figure 2, the first meta-analysis looked at odds ratios of case-control
studies. Four case-control studies were included. The resulting meta-analysis produced a pooled
odds ratio of 1.5 (the dashed vertical line) and a 95% confidence interval of 1.0 to 2.1. This
indicates that premenopausal women who have metabolic syndrome have about 46% higher odds
of developing breast cancer than premenopausal women who do not have metabolic syndrome.
This result is statistically significant at the 95% confidence level because the pooled confidence
interval does not include the null value of 1 (the solid black vertical line), which would indicate
that there is no association between metabolic syndrome and breast cancer.

In regard to odds ratios across individual studies, all four case-control studies featured an
odds ratio of above one, which indicates an increased breast cancer risk in premenopausal
women who have metabolic syndrome, but none were statistically significant (Noh et al., 2013;
Ronco et al., 2012; Wani et al., 2017; Xiang et al., 2020). An I? test for heterogeneity was
conducted, resulting in an I? value of 9.1% and p-value of 0.3, which indicates a very small
amount of variance or heterogeneity between studies that is not statistically significant (Cooper,
2016).

Cohort Studies

The same procedure was used for the cohort studies. As shown in Figure 3, the second
meta-analysis looked at risk ratios of the six cohort studies. The resulting meta-analysis produced
a pooled risk ratio of 0.9 and a 95% confidence interval of 0.9 to 0.9. This indicates that
premenopausal women who have metabolic syndrome are about 9% less likely to develop breast
cancer than premenopausal women who do not have metabolic syndrome, and this result is

statistically significant.
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All six cohort studies featured a risk ratio below one, which indicates a decreased breast
cancer risk in premenopausal women who have metabolic syndrome. In regard to statistical
significance across individual studies, four out of the six studies featured statistically significant
odds ratios and confidence intervals (Bjorge et al., 2010; Hwang et al., 2020; Hwang; Hwang).
The remaining two studies featured odds ratios and confidence intervals that were not
statistically significant (Agnoli et al., 2015; Dibaba et al., 2019). An I? test for heterogeneity was
conducted, resulting in an I? value of 83.9% and p-value of 0.000, which indicates a considerable
amount of variance or heterogeneity between studies that is statistically significant (Cooper,

2016).

Discussion
Main Findings

The purpose of this meta-analysis was to examine whether metabolic syndrome is a risk
factor for breast cancer in premenopausal women by synthesizing and analyzing the data from
multiple published studies, stratified by study design. The two study designs demonstrated
conflicting results, with case-control studies supporting the hypothesis that metabolic syndrome
was a risk factor for breast cancer in premenopausal women, but cohort studies finding the
opposite of the predicted effect. These findings can be generalized to the 9 countries and
geographic regions where the studies took place.

The meta-analysis findings for the four case-control studies are consistent with prior
meta-analyses of other studies focusing on postmenopausal women because they indicate an

increased breast cancer risk.
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However, the cohort studies conflict with the literature because they indicate a decreased
breast cancer risk. This discrepancy has most likely occurred due to differences between the
design of case-control and cohort studies, differences between the heterogeneity of results in the
study designs, or differences in which confounding factors were taken into account in the

individual studies included in the meta-analyses.

zohort studies, differences between the heterogeneity of

es in which mti‘aundmg factors were taken into account

meta-analysel JANE M ILLER
Good. citations?
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Compared to case-control studies, cohort studies have higher internal validity, which is
the extent to which a study can be used to assess causality (Schneider and Lilienfeld, 2015).
Cohort studies also provide more accurate results about the causal relationship between
metabolic syndrome and breast cancer because they follow individuals from the exposure of
metabolic syndrome to the development of breast cancer. Since cohort studies ensure that
metabolic syndrome precedes breast cancer development, they are less prone to recall bias and
are thus more reliable than case-control studies (Lizama et al., 2017). Recall bias occurs when
subjects do not accurately recall or acknowledge previous exposures (Althubaiti, 2016;
Schneider and Lilienfeld, 2015). Cohort studies are prospective (concurrent) studies, meaning
that they identify exposure status in the present and follow the subjects into their future to
determine their health outcomes (Schneider and Lilienfeld, 2015). However, case-control studies

are retrospective (case-referent), meaning that they enroll subjects based on their disease status
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(cases have disease, controls do not) and then determine if the subjects had the exposure to
estimate the association between the exposure and the health outcome (Schneider and Lilienfeld,
2015).

However, the pooled risk ratio for the cohort studies contained a high level of
heterogeneity and lower agreement, while the pooled odds ratio for the case-control studies
contained a low level of heterogeneity and higher agreement. Based on the heterogeneity results,
we can be more confident in the case-control study design.

The differences in results between study designs and the differences in levels of
heterogeneity could both be attributable to the differences in the types of confounding factors
studies controlled for, and how. Confounding factors are unmeasured additional variables that
influence the association between an exposure and an outcome, leading to an inaccurate
comparison (Cooper, 2016; Schneider and Lilienfeld, 2015). Different studies took into account
different sets of confounding factors, which might explain some of the heterogeneity.

Both case-control and cohort studies use statistical methods to control for potential
confounding factors. Case-control studies factor out the effects of potential confounders by
matching cases to controls based on shared characteristics. Overall, the case-control studies
adjusted more for pregnancy-related cofactors, while the cohort studies adjusted more for
lifestyle or behavioral cofactors. Not only were there differences between studies of different
designs, but there were also differences within studies of the same design. All of the case-control
studies examined the following confounding factors: age at menarche, family history of breast
cancer, number of pregnancies, and age (Noh et al., 2013; Ronco et al., 2012; Wani et al., 2017,
Xiang et al., 2020). Three of the four case-control studies also examined breastfeeding as a

confounding factor (Ronco et al., 2012; Wani et al., 2017; Xiang et al., 2020). All of the cohort
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studies examined the following confounding factors: smoking and age at measurement (Agnoli et
al., 2015; Bjorge et al., 2010; Dibaba et al., 2018; Hwang et al., 2020; Hwang et al., 2020;
Hwang et al., 2020). Five of the six cohort studies also examined physical activity as a
confounding factor (Agnoli et al., 2015; Dibaba et al., 2018; Hwang et al., 2020; Hwang et al.,
2020; Hwang et al., 2020). Four of the six cohort studies also examined alcohol intake as a
confounding factor (Agnoli et al., 2015; Hwang et al., 2020; Hwang et al., 2020; Hwang et al.,
2020). Descriptive characteristics of the confounding factors can be found in Table 2.
Strengths

The main strength is the meta-analysis method, which is more advantageous than an
individual study because it quantifies the difference between smaller individual studies to show a
pooled effect size. It synthesizes and explores trends and patterns among many individual studies
that vary based on sampling methods, dates, geographic locations, and study designs (Cooper,
2016; Petitti, 1999). It increases the statistical power, generalizability if the studies represent a
range of populations, and accuracy of results by producing a smaller standard error and a
narrower confidence interval (Petitti, 1999). It produces a more precise estimate of the effect of a
risk factor for a disease than any individual study that contributes to the pooled analysis
(Haidich, 2010; Lee, 2019). It can settle controversies that result from studies with conflicting
results (Lee, 2019). A meta-analysis is also more advantageous than a qualitative literature
review because it is more objective and less likely to be influenced by the author’s opinion (Lee,
2019). It uses a systematic and explicit approach outlined in the PRISMA guidelines to identify
eligible articles (Petitti, 1999).The systemic nature of this approach decreases bias and merit, and
the explicit nature of this approach improves replicability and transparency (Cooper, 2016;

Petitti, 1999). This approach also incorporates the use of precise inclusion and exclusion criteria
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and the use of various databases that were relevant to my research question, such as CINAHL,
OVID Medline, PubMed, Scopus, and Web of Science (Haidich, 2010). Meta-analyses are at the
top of the hierarchy of evidence, which ranks the strength of results obtained from medical
research (Haidich, 2010; University of Canberra Library, 2022).

Secondly, the results in this study were stratified by study design, which allowed for
comparison between different study designs because different study designs will yield different
types of point estimates and different results. A meta-analysis that combines different types of
studies would produce a summary effect size that ignores important differences between studies
(Lee, 2019). To the best of our knowledge, this is the first meta-analysis that explores how the
association between metabolic syndrome and breast cancer in premenopausal women varies by
study design. Thirdly, this study fills in a gap from previous research by studying premenopausal
women, who have been understudied.

Limitations

This meta-analysis includes several limitations, which are attributable to time constraints,
data limitations, and study design limitations. First, a sensitivity analysis could not be performed
to analyze the role of heterogeneity in the cohort studies due to the time constraints for this
project. A sensitivity analysis is a repeat of the primary meta-analysis, substituting alternative
ranges of values for unclear decisions. It is an important component of a meta-analysis because it
assesses the stability of the conclusions by exploring the effect of including or excluding studies
based on methodological quality, variance, and sample size (Petitti, 1999). It investigates the
effect of certain studies that are highly influential in the analysis (Haidich, 2010). Secondly, the
meta-analysis was based on data only from observational studies, not experimental studies,

which decreased the quality of the evidence (Guyatt et al., 2008; Hernandez et al., 2014).
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However, due to the nature of the topic, there will likely not be experimental studies because
researchers cannot "give" women the exposure of metabolic syndrome. That is not ethical nor
feasible, since metabolic syndrome is a condition and combination of risk factors people develop
over time. Additionally, there was a small sample size in several of the studies as well as the
meta-analysis overall, which increased the chances of obtaining inconclusive results that were
influenced by confounding factors.

One confounding factor in the cohort studies was age at measurement. Four of the six
cohort studies categorized premenopausal women as women aged fifty years and younger
(Bjorge et al., 2010; Hwang et al., 2020; Hwang et al., 2020; Hwang et al., 2020). However, it is
possible that the age marker for what constitutes menopause is not accurate since all women
undergo menopause at different ages. The interchangeable use of the terms ‘menopausal status’
and ‘age’ may lead to misclassification bias, which occurs when study participants are
categorized into an incorrect category. This could change the observed association between
metabolic syndrome and breast cancer (Centre for Evidence-Based Medicine, 2023). The studies
should track women only by their actual menopausal status instead of by their age because
stratifying by age might lead to inaccurate results. Furthermore, three of the six cohort studies
examined the following breast cancer subtypes: invasive and in situ breast cancer, instead of
breast cancer in general (Hwang et al., Hwang et al., 2020; Hwang et al., 2020). One of the four
case-control studies also examined the following breast cancer subtypes: estrogen
receptor-positive (ER+)/ progesterone receptor-positive (PR+), ER+/PR-, and ER-/PR- breast
cancer (Xiang et al., 2018).

Implications for Future Research, Policy, and Practice
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Overall, this study does not clearly indicate whether metabolic syndrome is a risk factor
or a protective factor for breast cancer in premenopausal women due to the differing results
between study designs. However, it builds upon existing knowledge of how modifiable risk
factors influence breast cancer incidence, which can inform the implementation of metabolic
syndrome and breast cancer prevention and management strategies, as well as health education
programs. A better understanding of the relationship between metabolic syndrome and breast
cancer in premenopausal women can play an integral role in breast cancer primary prevention
and secondary prevention.

Primary prevention focuses on reducing breast cancer incidence rates in the population
records by intervening on the shared behavioral and lifestyle risk factors for metabolic syndrome
and breast cancer. Some of those risk factors include physical inactivity, alcohol consumption,
obesity, hypertension, insulin resistance, and an unhealthy diet that is high in red meat and total
fat and low in fruits and vegetables (Akinyemiju et al., 2022; Alberti et al., 2009; Eskandari et
al., 2020; Uzunlulu et al., 2016). Healthcare providers should encourage a healthy lifestyle in
preventative settings (Gianturco et al., 2020). Some lifestyle changes individuals should make to
reduce their risk for breast cancer include achieving and maintaining a healthy weight, engaging
in at least 150 minutes of moderate-intensity physical activity each week, managing stress,
limiting alcohol intake, and quitting or avoiding tobacco use (American Heart Association, 2023;
Gezgen et al., 2012; Gianturco et al., 2020; Jevtic et al., 2010; NHLBI, 2022; Perez-Martinez et
al., 2017). Individuals should also follow a healthy and balanced diet, such as the DASH
(Dietary Approaches to Stop Hypertension) eating plan, which includes fruits, vegetables, and
whole grains and limits saturated fats, sodium (salt), added sugars, and alcohol (NHLBI, 2022;

Perez-Martinez et al., 2017). Individuals who already have metabolic syndrome should manage
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their condition by taking medications that target the following five components: high blood
pressure, high blood sugar, high blood triglyceride levels, low HDL levels, and obesity (NHLBI,
2022). A combination of medications and lifestyle changes will reduce breast cancer risk.

Secondary prevention focuses on preventing the development of breast cancer symptoms
through the appropriate use of screening and early diagnostic tools. Healthcare providers must
identify individual patients with metabolic syndrome and work with patients to reduce lifestyle
risk factors and improve health outcomes (Alberti et al., 2009). Screening guidelines include
checking for blood pressure, blood sugar, cholesterol, triglyceride, and BMI/obesity (NHLBI,
2022). From an intervention point of view, it is important to identify premenopausal women with
metabolic syndrome as a high-risk group for breast cancer because breast cancer risk increases
across the lifespan (Surakasula et al., 2014). The younger women are, the more time they have to
make specific lifestyle changes that will combat metabolic syndrome and reduce their breast
cancer risk, such as maintaining a healthy weight, engaging in more physical activity, eating a
plant-based diet, and seeking treatment for dyslipidemia, hypertension, and diabetes (Akinyemiju
et al., 2022; Dibaba et al., 2018; Yuan et al., 2021). These are interventions that have proven to
be effective in reducing postmenopausal breast cancer risk, and evidence suggests that they will
also be effective in reducing premenopausal breast cancer risk (Akinyemiju et al., 2022; Dibaba
et al., 2018; Perez-Martinez et al., 2017). Routine breast cancer screening can detect breast
cancer at an early stage for postmenopausal female patients with metabolic syndrome, who are a
high-risk population (Zhao et al., 2020). Lifestyle modifications can improve prognosis and
reduce the risk of adverse outcomes and mortality for individuals who have already been

diagnosed with breast cancer (Hamer and Warner, 2017).
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This study also highlights potential priorities for future research on whether metabolic
syndrome is a risk factor for breast cancer in premenopausal women. First, future studies should
employ a sensitivity analysis to explore the high level of heterogeneity in the results of the cohort
studies and to detect biases that are inherent in cohort studies. Through the analysis of alternating
combinations of studies, a sensitivity analysis can investigate the effect of excluding studies that
focus on breast cancer subtypes, as well as studies that measure metabolic syndrome differently,
on the overall pooled effect estimate. An understanding of the sources of the heterogeneity that
exists in a group of studies can lead to the effective development of prevention and treatment
strategies and the identification of new research topics (Haidich, 2010).

Secondly, future studies should examine the role of confounding and mediating factors,
such as race, ethnicity, breastfeeding, parity, income residence, physical inactivity, alcohol
intake, tobacco smoking, unhealthy dietary habits, and use of hormone replacement therapy, in
the association between metabolic syndrome and breast cancer risk. Depending on the data, this
may be through stratification or adjustment in our models. Metabolic syndrome and breast cancer
share several risk factors, including physical inactivity, alcohol intake, tobacco smoking, and
unhealthy dietary habits (American Heart Association, 2023; CDC, 2022; Giovannucci et al.,
2010; Porto et al., 2011; Xue and Michels, 2007). Thus, the observed association between
metabolic syndrome and breast cancer risk may be partly attributed to the clustering of the two
conditions as a result of shared risk factors (Michels et al., 2003; Weiderpass et al., 1997,
Wideroff et al., 1997). Thirdly, future studies should explore the association between individual
components of metabolic syndrome and breast cancer risk to determine the extent to which each
component influences breast cancer risk as a distinct entity (Rose et al., 2007). This would lead

to targeted prevention programs and policies focusing on certain components that are shown to
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be key contributors to breast cancer risk and pathways. Nine meta-analyses found associations
between the individual metabolic syndrome components and an increased breast cancer risk in
postmenopausal women (Boyle et al., 2012; Esposito et al., 2013; Fadhila et al., 2021; Guo et al.,
2019; Han et al., 2017; Munsell et al., 2014; Rosato et al., 2011; Pierobon and Frankenfeld,
2013; Renehan et al., 2008; Srinivisan et al., 2022; Xue and Michels, 2007; Zhao et al., 2020,)
and one meta-analysis did not observe an association between elevated triglycerides and breast
cancer risk (Wu et al., 2021). One did not find an association between high blood pressure and
breast cancer risk (Seretis et al., 2019). One did not find an association for diabetes (Sellers et al.,
1994). Among postmenopausal women, obesity and diabetes appear to be the top two
components contributing to breast cancer risk. It is unclear from the existing meta-analyses if
these same components are associated with increased breast cancer risk in premenopausal
women.

In addition to individual components, studies should examine whether the number of
components affects breast cancer risk. This would require measuring metabolic syndrome as an
ordinal variable instead of a nominal variable. Earlier studies have studied the number of
metabolic syndrome components, but they have lumped together postmenopausal women and
premenopausal women. Five out of ten meta-analyses have demonstrated that metabolic
syndrome has a greater effect on breast cancer risk in postmenopausal women as the number of
metabolic syndrome components increases (Bhandari et al., 2014; Esposito et al., 2013; Guo et
al., 2019; Rosato et al., 2011; Zhao et al., 2020). With regards to premenopausal women, there is
controversy over whether the effects of metabolic syndrome components are additive, meaning
that the combination of the metabolic syndrome components contributes to the same breast

cancer risk as the sum of each individual component alone, or synergistic, meaning that the
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combination of the metabolic syndrome components contributes to a higher breast cancer risk
than the sum of each individual component (Uzunlulu et al., 2016). Several studies have
suggested that the risk associated with multiple metabolic syndrome components is synergistic,
and that the biological mechanisms linking metabolic syndrome components and breast cancer
risk are interconnected (Chen et al., 2012; Lamar et al., 2015; Osaki et al., 2012; Rosato et al.,
2011; Zeller et al., 2015). The nature of the meta-analysis may make it easier to determine if
there is a synergistic association between the metabolic syndrome components in breast cancer
risk.

Another avenue for future research is to examine the role of menopause in the changing
direction of the association. Although previous literature has indicated that metabolic syndrome
is a risk factor for breast cancer in postmenopausal women (Bhandari et al., 2014; Esposito et al.,
2012; Esposito et al., 2013; Guo et al., 2019; Pan et al., 2020; Pierobon and Frankenfeld, 2013;
Rosato et al., 2011; Srinivasan et al., 2022; Xue and Michels, 2007; Zhao et al., 2020), the cohort
studies in this meta-analysis indicate that metabolic syndrome is a protective factor for breast
cancer in premenopausal women (Agnoli et al, 2015; Bjorge et al., 2010; Dibaba et al., 2019;
Hwang et al., 2020; Hwang; Hwang). Additional case-control and cohort studies from different
databases than those I found, some aspects of which could use meta-analysis or systematic
review to examine larger patterns in breast cancer risk, should aim to understand the biological
mechanisms that cause the risk of breast cancer in women with metabolic syndrome to change
direction after menopause. It would also be useful to study perimenopausal women, whose
bodies are making the natural transition to menopause (Mayo Clinic, 2023). Since the amount of
estrogen circulating in the body is a risk factor for ER+ breast cancer (Dall and Britt, 2017,

Srinivasan et al., 2022; Susan G. Komen for the Cure, 2017), future studies should explore the
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role of menopause in ER+ breast cancer risk for women with metabolic syndrome. A better
understanding of the biological mechanisms and pathways underlying the relationships between
menopause, metabolic syndrome, and breast cancer risk will ultimately pave the path for

evidence-based public health prevention programs.
Conclusion

In concordance with previous literature on postmenopausal women, the case-control
studies in this meta-analysis indicate increasing odds of developing breast cancer in
premenopausal women with metabolic syndrome. However, in contrast with previous literature,
the cohort studies in this meta-analysis indicate a decreased risk of developing breast cancer in
premenopausal women with metabolic syndrome. This meta-analysis highlights the importance
of evidence-based breast cancer prevention programs that target modifiable risk factors through
lifestyle and clinical interventions to reduce breast cancer incidence rates in both premenopausal
and postmenopausal women.

Future studies on this topic stratified by individual components of metabolic syndrome,
confounding factors, age, menopausal status, and breast cancer subtypes, could clarify the
biological mechanisms underlying the role of menopause in the altering direction of breast

cancer risk for women with metabolic syndrome.
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Table 1: Descriptions of Included Studies on the Association between Metabolic Syndrome and

Breast Cancer Incidence in Premenopausal Women

Included

¥l ables and Figures

JANE MILLER

Good title. Format it to be on
t he same page as the body of
the table

idence
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Date

Publication Date

Date of Data Collection

Country

Case-Control Studies

2012-2013 China
2012-2014 India
1995-2011 Korea
2004-2010 Uruguay
Cohort Studies
1974-2005 Austria, Norway
1993-2008 Italy
2009-2014 Korea
2009-2014 Korea
2009-2014 Korea
2009-2014 United States
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Table 2: Breast Cancer Incidence in Case-Control and Cohort Studies Included in a 2023 Meta-Analysis

Author Publication Date Breast Cancer Incidence

Xiang 2020 595 cases per 1127 people

Wani 2017 50 cases per 100 people

Noh 2013 270 cases per 810 people

Ronco 2012 367 cases

Bjorge 2010 4,862 cases per 2,892,465 people

Agnoli 2015 593 cases per 22,494 people

Hwang 2020 87,747 cases per 13,377,349 people (invasive and
in situ breast cancer)

- . |
___|JANE MILLER
ople|Good. Use footnotes (or another
column) to convey these aspects

ple (

Hwang 2020 79,447 cases per 13,456,796 people (invasive
breast cancer)

Hwang 2020 8,300 cases per 13,377,349 people (in situ breast
cancer)
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Table 2: Confounding Factors Controlled For

Case-control (4)

Confounding Factor # of Studies
Age at menarche 4
Family history of breast cancer 4
# pregnancies 4
Age 4
Breastfeeding 3
Cohort (6)
Smoking 6
Age at measurement 6
Physical Activity 5
Alcohol intake 4
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Figure 2: Meta-analysis of the Association between Metabolic Syndrome and Breast Cancer Incidence in Premenopausal Women:

Case-Control Studies
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Figure 3: Meta-analysis of the Association between Metabolic Syndrome and Breast Cancer Incidence in Premenopausal Women:

Cohort Studies
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