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The onset of cardiovascular disease in women is almost a decade later than
men, partly due to the protective effect of estrogen prior to menopause.
Recently, it was noted that while there have been advances in improving
the morbidity and mortality from CVD in women older than 55 years, the
improvement in younger women has been stagnant. The mechanism
behind this lag is unclear. This manuscript reviews the literature available on
the sex-specific inflammatory response in the context of traditional and
non-traditional cardiovascular disease risk factors. Our review suggests that
women have a differential inflammatory response to various disease states
that increases their risk for CVD and warrants a distinct prioritization from
men when calculating cardiovascular disease risk.
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Introduction

Cardiovascular disease (CVD) is the leading cause of mortality globally and among
women (1). Though CVD-related mortality for women has decreased over the last four
decades, the improvement has been seen mainly in older women (>55 years), with
stagnant mortality rates in younger women (2). The reason for this discrepancy is
unclear, since the pre-menopausal state of younger women is protective against
CVD in women, such that there is an approximate 10-year lag for the first
atherosclerotic cardiovascular event in women (3). One theory for this is that
monthly iron loss prior to menopause is cardioprotective compared to men (4).
However, the more widely supported theory for why CVD- related events increase
after menopause is that estrogen has been shown to have an anti-inflammatory
effect (5), and the estrogen loss associated with menopause attributes to the delayed
onset of CVD in women.

However, since CVD-mortality rates in younger women have remained static, there
are likely etiologies not related to estrogen or other hormones that play a role in CVD
risk. In addition, since men have not had stagnant rates of CVD-related mortality, it
is important to understand if there are sex-specific differences that affect how
traditional and non-traditional cardiac risk factors actually affect CVD risk. Studies
have shown that women with higher risk for CVD also have higher rates of the
traditional cardiac risk factors (3), such as diabetes mellitus, hypertension, and obesity
(6). In addition to the aforementioned factors, smoking, physical inactivity, and
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dyslipidemia are also acknowledged as traditional risk factors
that increase CVD risk in women.

Over the last 20 years, non-traditional risk factors, including
adverse pregnancy outcomes, autoimmune diseases, breast
cancer treatment, and depression have been associated with
increased CVD risk (7). Another significant risk factor is
systemic inflammation (8). Inflammation’s role in the
pathogenesis of CVD ranges from the initiation of
atherosclerosis to subsequent plaque formation, plaque rupture,
and ultimately, precipitation of thrombosis (9). Inflammatory
markers, especially C-reactive protein (CRP), are acute-phase
reactants that are markers of inflammation in the body and are
associated with higher risk of CVD and predict future cardiac
events (10-13). In healthy middle-aged and older women,
baseline levels of CRP are independent predictors of CVD (14).
In addition, CRP levels have been shown to be elevated in
women compared to men, whether atherosclerotic risk factors
are present or not, even after accounting for hormone
replacement therapy (15-17). In a study of 2,219 adults in the
US who had acute myocardial infarction, women younger than
age 55 had higher levels of circulating CRP compared to men
(18). The higher level of CRP was only partially explained by a
higher prevalence of smoking, diabetes mellitus, and obesity in
that group. In addition, in a sub-analysis of 7,184 patients from
the Framingham Heart Study, cardiac biomarkers, including
CRP, were significantly higher in pre-menopausal women than
men, and this difference was attenuated in post-menopausal
women who were not on hormone replacement therapy (19).

It is possible that other inflammatory biomarkers, such as
interleukins (ILs) and Tumor Necrosis Factor (TNF) play a
role in predisposing to CVD risk, and that sex-specific
differences in CVD risk are associated with these biomarkers.

10.3389/fgwh.2022.979708

Therefore, in this manuscript, we will review the literature
that identifies sex-specific differences in the association
between inflammatory biomarkers and traditional and
non-traditional cardiac risk factors. Due to the lack of
improvement seen in CVD-related morbidity and mortality in
younger (pre-menopausal) women, we will not be reviewing
how estrogens and other hormones play a role in mitigating
CVD risk. Rather, we will focus on those human studies that
directly link discrepancies between women and men in
inflammatory biomarkers with risk factors for CVD, so that
there may be some explanation for the CVD risk that has
remained in younger women, and how this gap may be
explained prior to the significant hormonal changes that
occur with the onset of menopause.

Of note, sex differences are a result of differences in gene
expression from sex chromosomes, and gender differences are
a result of individual experience and sociocultural practices.
However, to facilitate discussion of sex-specific differences in
inflammation that contribute to traditional and non-
traditional CVD risk factors, “woman” or “women” will be
used in this manuscript, since many studies examining sex
differences use this terminology. A summary of the risk
factors is found in Figure 1, and Table 1 summarize the
inflammatory markers associated with each risk factor.

Traditional risk factors

Diabetes

Women with diabetes have a higher relative risk of incident
CVD than their male counterparts. This is in part related to sex
differences in inflammation that predispose to diabetes, depicted

Traditional Risk Factors

* Diabetes Mellitus

* Metabolic Syndrome
(Obesity/Overweight)

* Physical Inactivity
* Hypertension
* Dyslipidemia/Diet

FIGURE 1
Risk factors for cardiovascular disease in women.

Non-traditional Risk Factors
*Baseline inflammation *Hormone replacement
level therapy
*Anti-inflammatory .
response Depression
«Critical illness and sepsis  *Stress
*Autoimmune diseases *Sleep disruption
«HIV *Race
*Osteoarthritis *Racial discrimination
*Adverse pregnancy ¥ . .
I Genetic polymorphisms
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TABLE 1 Female-specific inflammatory conditions that predispose to
CVD.

Traditional Risk Factors Levels of inflammatory markers in women

compared to men

Diabetes Mellitus 1 CRP
1 TNF-o
1 IL-6
Smoking | CRP
Metabolic Syndrome/Obesity, 1 CRP
Overweight 1 IL-1RA
1 IL-8
1 IL-6

Physical inactivity Discordant findings for CRP
1 CRP

1 CRP
1 adiponectin

Hypertension

Dyslipidemia/Diet

Non-traditional Risk Factors

Baseline inflammation level 1+ MCP
1 IL-12
1 CRP
Anti-inflammatory response | IL-10
Critical illness and sepsis 1 CRP
Autoimmune diseases 1T ESR
HIV 1 CRP
Osteoarthritis 1 CRP

Adverse pregnancy outcomes ~ More data needed

Hormone replacement 1 CRP
therapy

Depression 1 CRP

1 IL-6
Stress 1 IL-6

1 MCP-1

| CRP
Sleep disruption 1 CRP

1 IL-6

1 TNF-a
Race 1 CRP
Racial discrimination 1 CRP
Genetic polymorphisms 1 CRP

CRP, C-reactive protein; TNF-a, Tumor Necrosis Factor alpha; IL, Interleukin;
IL-1RA, IL-1 receptor antagonist; MCP, monocyte chemoattractant protein;
ESR, Erythrocyte sedimentation rate.

by three studies. Development of diabetes and insulin resistance
have been associated with higher expression of inflammatory
cytokines by adipose tissue, including CRP (20, 21), TNF-a, IL-1,
and IL-6 (22). CRP as a risk factor for the 6-year development of
diabetes mellitus and the metabolic syndrome were evaluated in
the Mexico City Diabetes Study (23). At baseline, CRP correlated
significantly (p<0.001) with all metabolic indexes in women
(dyslipidemia, hypertension, and diabetes), but less so than in
men. After a 6-year follow-up, women with the highest CRP
values (stratified into tertiles), had an increased relative risk of
developing metabolic syndrome and diabetes, and the risk
changed minimally after adjusting for Body Mass Index (BMI)
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and insulin resistance. Second, a study by Macarenhas-Melo
et al,, who investigated the risk for CVD after menopause found
that in women, diabetes compounded the CVD risk of
postmenopausal women compared to men who are diabetic and
matched for age (24). The worsening CVD risk was associated
with higher levels of CRP and TNF-¢ compared to men. Last, in
a large, prospective cohort study in the United States, more than
27,000 middle-aged women without diabetes or CVD were
followed for 4 years and compared to disease-free controls (25).
Baseline levels of IL-6 and CRP were significantly (p <0.001)
higher among cases than controls. The relative risks for future
DM for women were 7.5 for IL-6 and 15.7 for CRP. These
associations persisted after controlling for BMI, family history
of diabetes, smoking, exercise, alcohol use, and hormone
replacement therapy. These studies, though few, suggest that CRP
and IL-6 contribute to increased CVD risk in women with diabetes.

Smoking

Smoking increases levels of circulating inflammatory cytokines
including CRP, IL-6, and TNF-a (26, 27). In a study exclusively of
sedentary female smokers ages 18-55, even if smoking cessation
was not achieved, a reduction in tobacco exposure and increase
in exercise (measured by oxygen consumption) significantly
reduced inflammation, as seen by a decrease in circulating white
blood cells (28). However, there was no significant reduction in
CRP, suggesting that in women, smoking creates long-lasting
increases in systemic inflammation that can increase CVD risk.
However, a randomized control trial of men and women
suggests that smoking does not have as significant of a role on
underlying inflammation in women as it does for men (29).
However, the study did not evaluate the outcomes associated
with second-hand smoke, so it is unclear if sexual dimorphism
affects clinical outcomes due to smoking- induced inflammation.
There is limited data available on the sex differences of smoking
on inflammation, so more studies must be done to determine if
this traditional risk factor increases CVD risk in women more
than men via increased systemic inflammation.

Metabolic syndrome / obesity and overweight
One of the most influential pre-existing risk factors for
CVD, metabolic syndrome, includes hypertension, elevated
fasting glucose, elevated triglycerides, low serum HDL, and
abdominal obesity. Metabolic syndrome is a strong predictor
of CVD in women, moreso than men (30). This is seen in
multiple ethnic groups, including Chinese women (31). In
women who meet all criteria for metabolic syndrome, there is
an exaggerated inflammatory response compared to men,
further increasing the CVD risk, and this response predicts
the development of the metabolic syndrome more accurately
than for men (32). A study by Ahonen et al. investigated
Finnish subjects with metabolic syndrome and found men
had lower CRP and IL-1RA levels compared to women (33).
In addition, a large cross-sectional study of 3,037 subjects
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over 7 years showed that CRP levels were elevated in women
with metabolic syndrome and were strongly related to each
component of metabolic syndrome (34). There are also
differences in how the hormones that protect against
metabolic syndrome affect inflammation. In healthy women,
the hormone adiponectin is associated with favorable lipid
profiles. In women with renal transplants, there is a
significant negative correlation between adiponectin levels and
serum CRP in women, suggesting a reduced risk of CVD
(35). In the same study, however, men with CVD had a
significant positive correlation between adiponectin levels and
baseline CVD. Therefore, even hormones that play a role in
the development of metabolic syndrome have varying effects
on inflammation between the sexes.

Metabolic syndrome’s effect on CVD risk is compounded in
patients with peripheral arterial disease, moreso in women than
men, who have increased levels of inflammatory biomarkers
such as IL-8, leptin, and pigment epithelium-derived factor
(36). Also, women with central obesity have elevated oxidative
stress markers (CRP) compared to men with central obesity
and thus have a higher risk than men for CVD (37).

Obesity is a component of metabolic syndrome. Since there
are differences in fat distribution between men and women, the
relationship between obesity and CRP also differs. Obesity more
greatly impacts women’s CVD risk and incidence of CVD
compared to men (7). A large, national sample of adults >50
years of age in the United States found that women had a
stronger positive association between BMI and higher CRP
value (p <0.001) compared to men (38). Unlike other studies,
there was no difference between Black women and White
women in terms of association of BMI and CRP. Another
study of 733 women without preexisting CVD found that
both CRP and IL-6 correlated with BMI (39). This association
was thought to be secondary to adipose tissue secreting IL-6,
which leads to CRP production from the liver (39).

Numerous studies further link obesity and increased BMI to
increased CVD risk. The Dallas Heart Study measured CRP in
white and black subjects ages 30 to 65 and compared levels of
CRP between different race and gender groups (40). After
adjustment for traditional cardiovascular risk factors, estrogen
and statin use, and body mass index, Black subjects and
women had significantly higher levels of CRP than White
subjects and men, respectively. In addition, though an
increasing BMI was associated with higher CRP levels in each
race and gender, the increase in CRP levels with obesity was
greater for women than men (p<0.001). In a large Korean
cross-sectional study of 18,610 subjects >20 years of age, BMI
and waist circumference were significantly associated with
elevated CRP levels (>3 mg/L) in women but not men (41).
Investigators in the CARDIA study found that elevated CRP
levels (>10 mg/L) were more likely to be a chronic finding
(i.e. more than one measurement of elevated CRP) in women
with high BMIs than men with high BMIs (42). In a cross-
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sectional analysis of over 27,000 apparently healthy US
women (mean age 54.7 years), from the Women’s Health
Study (1992-1995), high BMI was more strongly correlated
with adverse cardiovascular biomarker levels (including CRP)
than physical inactivity (43). In a study of 795 men and 827
women aged 60 to 64 years from the Medical Research
Council National Survey of Health and Development (44),
less sedentary time was associated with more favorable levels
of CRP and IL-6, and this association was stronger in women
than in men. This difference was explained by greater fat
mass of women for a given body mass index. Finally, in a
cohort of people with HIV(PWH) on antiretroviral therapy,
higher BMI and excessive visceral fat burden were associated
with higher levels of circulating IL-6, and this association was
stronger in women than men (45).

Though obesity and BMI have been linked to CVD risk, the
relationship is much more nuanced, with the pattern of fat
distribution playing a role in CVD risk. BMI is unable to
differentiate visceral adipose tissue (VAT) and subcutaneous
adipose tissue (SAT). Visceral adiposity has been linked to
CV outcomes, independent of BMI (46). Sex differences in fat
distribution has been well-described, with men preferentially
depositing fat in VAT regions, and females depositing fat in
SAT regions during puberty (47). This effect is thought to be
secondary to puberty, as estrogen promotes the deposition of
fat into SAT rather than VAT. However, with age, and after
menopause, the distribution of fat deposition changes in
females such that that they have an increased VAT to SAT
ratio, and an inflammatory profile similar to men. Increased
levels of CRP, IL-6, TNF-a are present in VAT compared to
SAT and contribute to systemic inflammation. Though pre-
menopausal women have a generally lower risk of CVD than
men, a study found that differences in CRP between men and
women may be attributed by subcutaneous fat, and pre-
menopausal women in in this cohort had higher rates of CRP
than men due to the accumulation of subcutaneous fat (48).
In a sub-analysis of the Framingham Heart Study, VAT had
higher associations with CV outcomes than did BMI (49).
This finding is also supported by the Jackson Heart Study in
African  Americans and the Multi-Ethnic Study of
Atherosclerosis (MESA study) (50, 51).

There is abundant evidence to support that metabolic
syndrome and obesity mediate increased CVD risk, in part,
via increased systemic inflammation in women. These studies
clearly support that reducing BMI would have a favorable
effect on CVD-related events.

Physical inactivity

Physical inactivity and the metabolic syndrome and obesity
are inherently related, but a few studies have specifically
examined the effects of reversing physical inactivity on
inflammatory biomarkers. In a Finnish study, 3,803 adults were
evaluated for effects of physical exercise on CRP levels. After
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adjustment for age, physical activity and CRP levels were inversely
associated for both men and women. However, after adjustment
for all other factors, this relationship was present only for
women (52). Contrasting this finding are the results from the
PRINCE and CHIANTI studies, where there was an inverse
relationship between fitness and CRP for men, but this finding
was not seen in women after adjusting for BMI (53, 54). The
reason for this discrepancy is unclear, but it may be that in the
latter two studies, women’s level of physical activity was not
enough to decrease BMI, and ultimately, decrease CRP.

Hypertension

Hypertension tends to be lower in prevalence in
premenopausal women compared to men of similar age.
However, inflammation that occurs secondary to hypertension
may increase the risk of CVD in younger women; in the
aforementioned MESA study, the increased risk of hypertension
with obesity was also associated with higher levels of CRP in
women (55). There is limited data associating hypertension with
inflammatory markers, however this association should be

further explored in pre-menopausal women.

Dyslipidemia / diet

Diet is a critical lifestyle modification to prevent dyslipidemia
and subsequent atherosclerotic disease. Inflammatory markers can
be influenced by diet and exercise, but levels in women are less
responsive to diet compared to men, and may be more sensitive to
exercise. Bédard et al. investigated the impact of a Mediterranean
diet on inflammation between the sexes. At baseline, pre-
menopausal women had higher levels of high sensitivity-CRP than
men (56). There was no significant difference between men and
women after a 4-week diet, however, a subgroup analysis of
subjects with high baseline CRP showed men had a decline in
levels with the Mediterranean diet, but women did not. In another
study of pre-menopausal Arab women, the hormone adiponectin
was found to circulate at higher levels in serum than men,
contributing to a favorable lipid profile. However, it was noted in
the study that low aerobic activity may abrogate the protective
effect of high levels of adiponectin on lipid profiles (57). Another
study that analyzed the Pequi fruit and its ability to reduce
exercise-induced inflammatory markers and blood pressure found
that women had a less profound decrease in low-density
(LDL) oil
supplementation (58). These findings of reduced sensitivity to

lipoprotein compared to men after Pequi
dietary changes in women compared to men have important
implications for determining which nutritional interventions

would alter long-term CVD risk in women.

Nontraditional risk factors

In this section, we review the literature available for non-
traditional diseases and risk factors that may contribute to
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CVD risk via increased systemic inflammation. The data
available is scarce, however, these preliminary findings
warrant further investigation.

Baseline inflammation level and a reduced anti-
inflammatory response

Studies in healthy women suggest that they have higher levels
of inflammatory markers at baseline. For example, Kildey et al.
investigated potential differences in the inflammatory profile of
plasma donors (59). They noted that the levels of monocyte
chemoattractant protein (MCP)-1, IL-12 and CRP in healthy
women were higher compared to men, suggesting that at
baseline, women produce higher levels of inflammatory
markers. A retrospective study of 294 men and women (~30%
women) examined the relationship between bone marrow
of
myocardial injury (60). Bone marrow inflammation was

metabolism (a marker systemic inflammation) and
assessed using PET-CT, and an increase in PET-CT signal of
bone marrow was observed in women with impaired myocardial
perfusion compared to women with normal myocardial
perfusion. No differences were observed in women. Though no
systemic inflammatory marker was measured in this study, this
study further supports the notion that at baseline, women may
have higher levels of systemic inflammation that ultimately
affect cardiovascular health. In addition, a study by Shanahan
et al. found that in women, CRP increased slowly until age 15,
but then there was an accelerated rate of increase until age 21,
compared to men, who had a more linear increase (61).

In addition to higher levels of circulating inflammatory
markers at baseline, women may have less of an anti-
inflammatory response. Wegner et al. evaluated cytokine
production in response to exogenous lipopolysaccharide, and
cytokine
compared to men, however, there was no concomitant

found increased levels responses in women
increase in the levels of anti-inflammatory markers in women
(62). Another study of Indigenous Australian women with a
high-risk profile for inflammation (based on genetic analysis)
found lower circulating levels of the anti-inflammatory
cytokine IL-10 (63).

Although limited, these studies highlight that woman have
higher levels of inflammatory markers than men at baseline,
but

activating

may have a lower anti-inflammatory response to

(antigen) stimuli, which may contribute to

increased CVD risk in women at younger ages.

Critical illness and sepsis

In studies of women with critical illness and sepsis,
correlations of inflammation and severity of illness suggest
that women have higher inflammatory responses. In a study
evaluating the mortality rate between genders in a sepsis
cohort, women who had sepsis were less likely to survive than
males with sepsis (64). Further analysis showed that women
who did not survive tended to have higher maximum CRP

frontiersin.org


https://doi.org/10.3389/fgwh.2022.979708
https://www.frontiersin.org/journals/global-womens-health
https://www.frontiersin.org/

Kottilil and Mathur

levels than women who did survive. Exaggerated response to
infection in women compared to men has also been
documented with the flu (HIN1). Studies from China of
HINI show that men are more likely than women to become
infected, but when women are infected, the symptoms are
more severe, secondary to the innate and adaptive immune
response (65). With the COVID-19 pandemic, more data
from China emerged that women with COVID-19 disease
who presented with cardiac injury had higher levels of
systemic inflammatory markers, consistent with a male
phenotype (66). Whether these inflammatory responses lead
to cardiovascular morbidity is not known, but these findings
support that women have exaggerated inflammatory responses
to infection compared to men, which may increase CVD risk,
especially in younger women.

Autoimmune diseases

Data on sex differences of CVD in autoimmune diseases is
limited, but there is evidence to support that young women with
autoimmune diseases are at a high risk for CVD, and studies
suggest that the anti-inflammatory effects of estrogen seen in
pre-menopausal women are negated by autoimmune diseases
(67). Most data on autoimmune diseases and CVD risk comes
with (RA) and
Systemic Lupus Erythematosus (SLE). These two conditions

from populations rheumatoid arthritis
are known to increase CVD risk; SLE increases the risk of
CVD 2.7 times that of the general population, and the risk is
increased in young women with SLE (68, 69). Data associates
increased inflammatory markers secondary to the disease and
CVD risk. For example, disease flares of SLE can increase
CRP, IL-6, and TNF-a, which is associated with increased
triglycerides and reduced HDL levels (70, 71). In addition,
patients with Rheumatoid Arthritis (RA) have a significantly
higher risk of CVD compared to people without RA, and this
cannot be accounted by an increased prevalence of traditional
CVD risk factors in the RA group (72). In a study of 487
patients with rheumatoid arthritis, higher levels of the
erythrocyte sedimentation rate (ESR) in women correlated
with increased atherosclerosis (73). Since women are more
likely to develop autoimmune diseases, and the risk seems to
be enhanced in younger women, younger women with
autoimmune disease need to be informed of and monitored
for CVD (67).

HIV

HIV has been identified as an independent risk factor for
CVD in women (74). The relative risk of myocardial
infarction among women with HIV is 2.98 compared to 1.4
in men with HIV, and women with HIV in North America
and Europe have higher incidences of CVD events than men
with HIV (75, 76). In HIV, there is a known increase in levels
of circulating inflammatory markers, which decreases after
viral suppression with antiretroviral treatment. However, in
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women, the drop in inflammatory markers is less than that of
men. In one study, even after 96 weeks of treatment and viral
suppression, CRP levels remained higher in women than men
(77).  This  discrepancy likely the
disproportionate number of women with HIV who suffer

contributes  to

from higher CVD risk despite antiretroviral treatment.

Osteoarthritis

Osteoarthritis is associated with an increased risk of CVD
(78). This risk seems to be particularly prominent in women
compared to men. A study by Perruccio et al. of men and
women with arthritis found a correlation between degree of
joint inflammation and CRP levels in women, but not men
(79). In another study comparing sex differences between the
association of osteoarthritis and CVD in men and women,
CRP was the predominant contributor to overall risk of CVD
in women, but not men (80). Though osteoarthritis is not
considered an autoimmune disease like RA, it appears that
osteoarthritis may increase CVD risk in women via the same
mechanism as RA. However, osteoarthritis is usually a disease
of older populations, so its role in CVD risk in younger
women needs to be investigated further.

Adverse pregnancy outcomes

Adverse  pregnancy pregnancy
disorders, gestational diabetes, and preterm birth—have been
found to independently increase the risk of CVD (81-83). In
particular, preeclampsia (a hypertensive pregnancy disorder),

outcomes—hypertensive

increases ischemic heart disease (84). Some studies have shown
that gestational diabetes increases the risk of inflammatory
markers that are associated with endothelial dysfunction, but the
data are scarce and there is no consensus (82). Since adverse
pregnancy outcomes occur in pre-menopausal women, it is
necessary to further investigate the inflammatory effects of these
disease states on long-term CVD risk.

Hormone replacement therapy

Pre-menopausal women have lower CVD risk than age-
matched men, presumably due to the cardiovascular protective
effect of estrogen. However, hormone replacement therapy
(HRT) with estrogen or estrogen with progesterone in post-
menopausal women has not led to lower CVD risk, and instead
is associated with an increased risk via increased CRP levels (85,
86). In a cross-sectional survey of almost 500 healthy, post-
menopausal women taking HRT (mean age of 51 years), overall
CRP was two times higher compared to women not on HRT
(87). This relationship persisted even after controlling for BMI,
age, diabetes, hypertension, hyperlipidemia, alcohol use, and
cigarette consumption. Another study of women >65 years of
age published in 1999 suggested that unopposed estrogen use
was associated with 59% higher mean CRP level, and those who
used estrogen and progesterone had higher levels of CRP if they
also had higher BMI levels (88). Then, in 2002, results from the
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Women’s Health Initiative were published (89). This was a
randomized controlled primary prevention trial of estrogen and
progestin for coronary heart disease. After approximately 5
years, the Data and Safety Monitoring Board for the study
recommended stopping the trial because the incidence of
invasive breast cancer, the primary adverse outcome, exceeded
the stopping boundary. Though HRT is no longer the mainstay
of therapy for older women, further examining the relationship
between HRT and inflammatory markers will be of utmost
importance in the younger, transgender population taking HRT.

Thyroid dysfunction

Research has shown that thyroid hormones directly influence
cardiac modeling and affect CVD risk (90). Though the
interaction between thyroid hormones and the cardiovascular
system is complex, their direct effect on cardiovascular risk
factors is mainly via lipid metabolism and modulation of
inflammatory pathways (91). In some studies, subclinical
hypothyroidism has been associated with elevated CRP levels
(91). Also, the degree of thyroid hormone downregulation is
associated with a high inflammatory response, with studies
noting associated increases in levels of CRP, IL-6, and IL-10 (92,
93). Treatment with thyroid hormone improves CVD risk
factors (90), so further research into the direct cause and effect
between thyroid hormones and inflammatory markers that
predispose to CVD risk is warranted.

Depression

Few studies looking at sex differences in circulating
inflammatory cytokines of men and women have been
conducted, however, depression severity has been found to
correlate with levels of IL-1p and TNF-o. in women (94).
Compared to depressed men, depressed women have higher
levels of IL-6, after controlling for BMI (94), and in a study of
231 men and women with major depressive disorder, higher
CRP levels correlated with severity of depression in women but
not men (95). A longitudinal analysis using data from the
Midlife in the United States (MIDUS) study examined whether
depressive symptoms were associated with inflammatory
markers 11 years later and if there was any effect of gender on
this association (96). Almost 1,000 patients where included in
the follow-up analysis, who reported depressive symptoms.
Among both men and women, CRP correlated with depressive
symptoms, however, in women alone, IL-6 also correlated with
depressive symptoms, independent of menopausal status or use
of hormone replacement therapy. This study is rare in that its
long-term follow-up provides insight into how a condition, such
as depression, has long-term effects on inflammatory markers
that predispose to CVD risk.

Stress

In a prospective study of 662 men and women (~30% women)
with stable coronary artery disease, after a mean 2.8-year follow-
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up period, 120 subjects had cardiovascular disease events
(including cardiovascular death, myocardial infarction, stroke,
heart failure, or unstable angina) (97). In women, higher
psychological stress was associated with higher incidence of
CVD events, but no association was found in men. In pre-
menopausal women with CVD, markers of inflammation
associated with mental and physical stress were similar to men
of the same age, however, IL-6 levels persisted at a higher level
after stress in women compared to men, suggesting that stress
causes sustained levels of inflammation that could contribute to
CVD risk in women (98). In another study looking at
inflammatory markers at rest and post-stress (after a speech
task), higher IL-6 and MCP-1 levels in women were associated
with more cardiovascular events in women during a 3-year
follow-up (99).

The relationship of acute stressor responses and systemic
inflammation was also assessed in a study by Lockwood et al.,
of 91 healthy adults between the ages of 31-55 years (100).
Thirty-three percent of participants were women. Participants
completed a laboratory stress protocol with two mental stress
tasks, a multisource interference task and color word task.
Thirty minutes after task completion, blood samples were
drawn. In men, larger stressor-evoked IL-6 levels were
associated with higher CRP levels, whereas in women, larger
stressor-evoked IL-6 levels were associated with lower CRP
levels. This study showed there are differences in acute
inflammatory responses to stress associated with CVD risk.

Sleep disruption

Lifestyle and social factors also increase women’s risk of
CVD compared to men. Assessment of sleep quality among
women, using the Pittsburgh Sleep Quality Index, found that
post-menopausal women who complained of waking up too
early showed greater 5-year increases in IL-6, CRP, and
fibrinogen as compared to males (101). In another study of 11
healthy women and 15 healthy men, monocyte cytokine
production was assessed during baseline periods and after
partial sleep deprivation of four hours (102). In the morning,
both men and women had increased production of IL-6 and
TNEF-a, high of these
biomarkers persisted into the early and late evening the day

however, levels inflammatory
after partial sleep deprivation in women only. Therefore,

prolonged sleep disruption may increase CVD risk in women.

Race

The Dallas Heart Study measured CRP in White and Black
subjects ages 30 to 65 and compared levels of CRP between
different race and gender groups (40). After adjustment for
traditional cardiovascular risk factors, estrogen and statin
use, and body mass index, Black subjects and women had
significantly higher levels of CRP than White subjects and
men, respectively. The associations were more robust with
higher CRP values (>3 mg/L). The National Health and
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Nutrition Examination Survey (NHANES) 1999-2000 and the
Women’s Health Study also found that Black women had
higher levels of CRP than White women (103, 104). The
NHANES study found that median CRP level in Black
women was 3.5mg/L compared to 2.5 mg/L among White
women, and the CRP level was elevated independent of use of
hormone replacement therapy. Though race is not a
modifiable risk factor, the inflammatory profile may differ
between women based on race, and further clarification on
this topic, would allow for CVD risk stratification among

younger women of different races.

Racial discrimination

Cunningham et al. investigated the association of racial
discrimination and inflammation among genders (105). On
average, Black women reporting 1-2 episodes of discrimination
had higher levels of CRP compared to those reporting none.
Similarly, White women who reported >3 episodes of
discrimination had significantly higher levels of CRP than those
who reported no episodes. There was no notable significance
between self-reporting discrimination and CRP levels among
men. Therefore, social factors can

impact  systemic

inflammation, and ultimately, the risk of CVD in women.

Genetic polymorphisms
Akasaka et al impact of CYP2Cl119
polymorphisms and low-grade inflammation on coronary

analyzed the

microvascular disorder in men and women (106). CYP2C119
polymorphisms were a predictor of coronary microvascular
disorder and also associated with a higher CRP level in women
compared to men. Though genetics are not modifiable risk
factors, findings of how genetic polymorphisms affect systemic
in CVD risk
phenotypes between younger women and age-matched men.

inflammation can account for differences

Discussion

Our review of the literature emphasizes how the systemic
inflammatory response in women can differ from men per
disease state, increasing the risk of CVD in women for any
traditional risk CVD factor. In addition, the data supporting
systemic inflammation as a response to non-traditional disease
states suggests that these conditions may override the
protective effect of estrogen and should be taken into account
when assessing the overall CVD risk in younger women.
Women’s risk for CVD is often underdiagnosed due to
diagnostic algorithms that rely on cardiac-specific biomarkers,
such as troponins (107-113).

The differences in inflammatory biomarkers identifying CVD
in men and women have been explored over the last two decades.
In one of the largest trials, TACTICS-TIMI, the investigators
found that when women presented with unstable angina or
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non-ST-elevated myocardial infarction, they did not have
elevations in troponin or creatine kinase as often as men (108).
Instead, women had elevated markers of CRP and brain-
natriuretic peptide. The latter, though, is not included in
traditional diagnostic algorithms for ACS, and CRP is taken into
consideration, but not part of the traditional algorithm.

In addition, when assessing for CVD risk, traditional risk
calculators under- or overestimate CVD risk in women. The
original algorithms were the Framingham Risk Score and the
simplified Adult Treatment Panel-IIT (ATP-III) guidelines. A
new risk estimator, the Reynolds Risk Score, was developed in
2007 to include family history of premature myocardial
infarction, high-sensitivity CRP, and hemoglobin Alc (for
individuals with diabetes). These factors are lacking in the
Framingham Risk Score, ATP-III, and the American College
of Cardiology (ACC) and American Heart Association
(AHA) prediction model. In validations samples from studies
with large cohorts of women, the Reynold’s Risk Score
demonstrates a strong predictive role for CVD and is more
accurate in risk-stratifying women for a CVD event within 10
years. In contrast, the ACC and AHA prediction models
overestimate risk in women, and do not yield more calibrated
predictions than earlier models (114). This is significant since
women are less likely to receive preventive treatment or
guidance than men with similar CVD risk (7).

One reason that traditional prediction models and
algorithms stratify men and women differently is due to
variations in the diagnosis and treatment of pre-existing risk
factors. For example, impaired fasting glucose is one of the
criteria for metabolic syndrome. However, in women, it is
more common to see impairments in glucose tolerance rather
than impairments in fasting glucose. Since glucose tolerance is
not a criterion for metabolic syndrome, women with this risk
factor would not be diagnosed (7). Second, subcutaneous
adipose tissue and central obesity are included in the
definition of metabolic syndrome, but visceral adipose tissue
in the hips and thighs, which is more common in women, is
not. Last, the hormonal effects of estrogen on adipocytes is
not accounted for by the definitions for metabolic syndrome.
Therefore, women may be underdiagnosed for metabolic
syndrome, and their CVD risk also underestimated (114). The
aforementioned diagnostic algorithms have excellent ability to
diagnose CVD in men, as they have been corroborated with
levels of inflammatory markers found in men, however they
do not incorporate inflammatory markers that are produced
in response to non-cardiac stressors, which may be more
important in women (115).

A complication of using inflammatory biomarkers to
estimate CVD risk is that these biomarkers are not specific to
any pathology. However, sex differences in circulating
biomarkers that reflect distinct pathways in CVD have been
identified. In a study by Lau et al, the authors measured 71
circulating CVD protein biomarkers in 7,184 participants
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(predominately Caucasian, 54% women, mean age 49 years)
(19). In this cohort, most of the biomarkers (61, or 86%)
differed significantly between men and women. Thirty-seven
of the biomarkers were higher in women, including CRP. The
sex differences in biomarkers were not influenced by
menopausal state. This study highlights that the literature
supporting sex-specific differences in systemic inflammation
has important implications.

There are some limitations to our review. First, the
inflammatory biomarkers and outcomes of each study were
not uniform. In addition, many of these studies have small
sample sizes and lower representation of women compared to
men. Accordingly, the menopausal status of women in most
of the studies is not specified. Therefore, it is difficult to
interpret the role that hormones have on inflammation and
conclude the risk of women before and after menopause.
Finally, the distribution of standard markers in healthy
participants is not well defined. Therefore, larger prospective
studies on this topic are required for further understanding.

In conclusion, our review demonstrates that inflammatory
responses in women are distinct from men and may
contribute to an overall higher CVD risk, especially in
younger women. In addition, review of the literature suggests
that the current algorithms to quantify CVD risk in women
may be inadequate, as they do not take into account sex-
specific responses to diseases states that increase CVD risk.
Therefore, larger prospective clinical trials with adequate
women representation and specification of menopausal status
are necessary to gain more insight on how to quantify and
prevent CVD risk in women.

References

1. Vogel B, Acevedo M, Appelman Y, Bairey Merz CN, Chieffo A, Figtree GA,
et al. The Lancet women and cardiovascular disease commission: reducing the
global burden by 2030. Lancet. (2021) 397(10292):2385-438. doi: 10.1016/
S0140-6736(21)00684-X

2. Wilmot KA, O’Flaherty M, Capewell S, Ford ES, Vaccarino V. Coronary heart
disease mortality declines in the United States from 1979 through 2011: evidence
for stagnation in young adults, especially women. Circulation. (2015) 132
(11):997-1002. doi: 10.1161/CIRCULATIONAHA.115.015293

3. Maas AH, Appelman YE. Gender differences in coronary heart disease. Neth
Heart ]. (2010) 18(12):598-602. doi: 10.1007/s12471-010-0841-y

4. Raman SV, Sharkey-Toppen TP, Tran T, Liu JX, McCarthy B, He X, et al.
Iron, inflammation and atherosclerosis risk in men vs. Perimenopausal women.
Atherosclerosis. (2015) 241(1):249-54. doi: 10.1016/j.atherosclerosis.2015.03.032

5. Giordano S, Hage FG, Xing D, Chen YF, Allon S, Chen C, et al. Estrogen and
cardiovascular disease: is timing everything? Am J Med Sci. (2015) 350(1):27-35.
doi: 10.1097/MAJ.0000000000000512

6. Moller-Leimkuhler AM. Gender differences in cardiovascular disease and
comorbid depression. Dialogues Clin Neurosci. (2007) 9(1):71-83. doi: 10.31887/
DCNS.2007.9.1/ammoeller

7. Garcia M, Mulvagh SL, Merz CN, Buring JE, Manson JE. Cardiovascular
disease in women: clinical perspectives. Circ Res. (2016) 118(8):1273-93.
doi: 10.1161/CIRCRESAHA.116.307547

8. Pearson TA, Mensah GA, Alexander RW, Anderson JL, Cannon 3rd RO, Criqui
M, et al. Markers of inflammation and cardiovascular disease: application to clinical

Frontiers in Global Women's Health

09

10.3389/fgwh.2022.979708

Author contributions

The authors confirm contribution to the paper as follows:
study conception and design: SK; data collection: SK and PM;
analysis and interpretation of results: SK and PM; draft
manuscript preparation: SK and PM. All authors contributed
to the article and approved the submitted version.

Acknowledgments

Poonam Mathur is supported by the NHLBI grant
5K12HL143886-02.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
affiliated organizations, or those of the publisher, the editors
and the reviewers. Any product that may be evaluated in this
article, or claim that may be made by its manufacturer, is not
guaranteed or endorsed by the publisher.

and public health practice: a statement for healthcare professionals from the centers
for disease control and prevention and the American heart association. Circulation.
(2003) 107(3):499-511. doi: 10.1161/01.CIR.0000052939.59093.45

9. Bairey Merz CN, Ramineni T, Leong D. Sex-specific risk factors for
cardiovascular disease in women-making cardiovascular disease real. Curr Opin
Cardiol. (2018) 33(5):500-5. doi: 10.1097/HCO.0000000000000543

10. Blake GJ, Ridker PM. Inflammatory bio-markers and cardiovascular risk
prediction. J Intern Med. (2002) 252(4):283-94. doi: 10.1046/j.1365-2796.2002.01019.x

11. Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive protein and other
markers of inflammation in the prediction of cardiovascular disease in women.
N Engl ] Med. (2000) 342(12):836-43. doi: 10.1056/NEJM200003233421202

12. Golia E, Limongelli G, Natale F, Fimiani F, Maddaloni V, Pariggiano I, et al.
Inflammation and cardiovascular disease: from pathogenesis to therapeutic target.
Curr Atheroscler Rep. (2014) 16(9):435. doi: 10.1007/s11883-014-0435-z

13. Willerson JT, Ridker PM. Inflammation as a cardiovascular risk factor.
Circulation. (2004) 109(21 Suppl 1):I12-10. doi: 10.1161/01.CIR.0000129535.
04194.38

14. Rifai N, Buring JE, Lee IM, Manson JE, Ridker PM. Is C-reactive protein
specific for vascular disease in women? Ann Intern Med. (2002) 136(7):529-33.
doi: 10.7326/0003-4819-136-7-200204020-00010

15. Lakoski SG, Cushman M, Criqui M, Rundek T, Blumenthal RS, D’Agostino
Jr. RB, et al. Gender and C-reactive protein: data from the multiethnic study of
atherosclerosis (MESA) cohort. Am Heart J. (2006) 152(3):593-8. doi: 10.1016/j.
ahj.2006.02.015

frontiersin.org


https://doi.org/10.1016/S0140-6736(21)00684-X
https://doi.org/10.1016/S0140-6736(21)00684-X
https://doi.org/10.1161/CIRCULATIONAHA.115.015293
https://doi.org/10.1007/s12471-010-0841-y
https://doi.org/10.1016/j.atherosclerosis.2015.03.032
https://doi.org/10.1097/MAJ.0000000000000512
https://doi.org/10.31887/DCNS.2007.9.1/ammoeller
https://doi.org/10.31887/DCNS.2007.9.1/ammoeller
https://doi.org/10.1161/CIRCRESAHA.116.307547
https://doi.org/10.1161/01.CIR.0000052939.59093.45
https://doi.org/10.1097/HCO.0000000000000543
https://doi.org/10.1046/j.1365-2796.2002.01019.x
https://doi.org/10.1056/NEJM200003233421202
https://doi.org/10.1007/s11883-014-0435-z
https://doi.org/10.1161/01.CIR.0000129535.04194.38
https://doi.org/10.1161/01.CIR.0000129535.04194.38
https://doi.org/10.7326/0003-4819-136-7-200204020-00010
https://doi.org/10.1016/j.ahj.2006.02.015
https://doi.org/10.1016/j.ahj.2006.02.015
https://doi.org/10.3389/fgwh.2022.979708
https://www.frontiersin.org/journals/global-womens-health
https://www.frontiersin.org/

Kottilil and Mathur

16. Rogowski O, Zeltser D, Shapira I, Burke M, Zakut V, Mardi T, et al. Gender
difference in  C-reactive protein concentrations in individuals with
atherothrombotic risk factors and apparently healthy ones. Biomarkers. (2004) 9
(1):85-92. doi: 10.1080/13547500410001670303

17. Qasim AN, Budharaju V, Mehta NN, St Clair C, Farouk S, Braunstein S,
et al. Gender differences in the association of C-reactive protein with coronary
artery calcium in type-2 diabetes. Clin Endocrinol (Oxf). (2011) 74(1):44-50.
doi: 10.1111/j.1365-2265.2010.03879.x

18. Lu Y, Zhou S, Dreyer RP, Spatz ES, Geda M, Lorenze NP, et al. Sex
differences in inflammatory markers and health status among young adults with
acute myocardial infarction: results from the VIRGO (variation in recovery: role
of gender on outcomes of young acute myocardial infarction patients) study.
Circ  Cardiovasc Qual Outcomes. (2017) 10(2):e003470. doi: 10.1161/
CIRCOUTCOMES.116.003470

19. Lau ES, Paniagua SM, Guseh JS, Bhambhani V, Zanni MV, Courchesne P,
et al. Sex differences in circulating biomarkers of cardiovascular disease. ] Am
Coll Cardiol. (2019) 74(12):1543-53. doi: 10.1016/j.jacc.2019.06.077

20. Yudkin JS, Stehouwer CD, Emeis JJ, Coppack SW. C-reactive protein in healthy
subjects: associations with obesity, insulin resistance, and endothelial dysfunction: a
potential role for cytokines originating from adipose tissue? Arterioscler Thromb Vasc
Biol. (1999) 19(4):972-8. doi: 10.1161/01.ATV.19.4.972

21. Festa A, D’Agostino Jr. R, Howard G, Mykkanen L, Tracy RP, Haffner SM.
Chronic subclinical inflammation as part of the insulin resistance syndrome: the
insulin resistance atherosclerosis study (IRAS). Circulation. (2000) 102(1):42-7.
doi: 10.1161/01.CIR.102.1.42

22. Shoelson SE, Lee ], Goldfine AB. Inflammation and insulin resistance. J Clin
Invest. (2006) 116(7):1793-801. doi: 10.1172/JCI29069

23. Han TS, Sattar N, Williams K, Gonzalez-Villalpando C, Lean ME, Haffner
SM. Prospective study of C-reactive protein in relation to the development of
diabetes and metabolic syndrome in the Mexico city diabetes study. Diabetes
Care. (2002) 25(11):2016-21. doi: 10.2337/diacare.25.11.2016

24. Mascarenhas-Melo F, Marado D, Palavra F, Sereno J, Coelho A, Pinto R,
et al. Diabetes abrogates sex differences and aggravates cardiometabolic risk in
postmenopausal women. Cardiovasc Diabetol. (2013) 12:61. doi: 10.1186/1475-
2840-12-61

25. Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. C-reactive protein,
interleukin 6, and risk of developing type 2 diabetes mellitus. JAMA. (2001) 286
(3):327-34. doi: 10.1001/jama.286.3.327

26. Reichert V, Xue X, Bartscherer D, Jacobsen D, Fardellone C, Folan P, et al. A
pilot study to examine the effects of smoking cessation on serum markers of
inflammation in women at risk for cardiovascular disease. Chest. (2009) 136
(1):212-9. doi: 10.1378/chest.08-2288

27. Ambrose JA, Barua RS. The pathophysiology of cigarette smoking and
cardiovascular disease: an update. ] Am Coll Cardiol. (2004) 43(10):1731-7.
doi: 10.1016/j.jacc.2003.12.047

28. Korhonen T, Goodwin A, Miesmaa P, Dupuis EA, Kinnunen T. Smoking
cessation program with exercise improves cardiovascular disease biomarkers in
sedentary women. | Womens Health. (2011) 20(7):1051-64. doi: 10.1089/jwh.
2010.2075

29. Flouris AD, Metsios GS, Jamurtas AZ, Koutedakis Y. Sexual dimorphism in
the acute effects of secondhand smoke on thyroid hormone secretion,
inflammatory markers and vascular function. Am ] Physiol Endocrinol Metab.
(2008) 294(2):E456-62. doi: 10.1152/ajpendo.00699.2007

30. Pischon T, Hu FB, Rexrode KM, Girman CJ, Manson JE, Rimm EB.
Inflammation, the metabolic syndrome, and risk of coronary heart disease in
women and men. Atherosclerosis. (2008) 197(1):392-9. doi: 10.1016/j.
atherosclerosis.2007.06.022

31. Hong GB, Gao PC, Chen YY, Xia Y, Ke XS, Shao XF, et al. High-Sensitivity
C-reactive protein leads to increased incident metabolic syndrome in women but
not in men: a five-year follow-up study in a Chinese population. Diabetes Metab
Syndr Obes. (2020) 13:581-90. doi: 10.2147/DMS0.S241774

32. Regitz-Zagrosek V, Lehmkuhl E, Weickert MO. Gender differences in the
metabolic syndrome and their role for cardiovascular disease. Clin Res Cardiol.
(2006) 95(3):136-47. doi: 10.1007/500392-006-0351-5

33. Ahonen T, Saltevo J, Laakso M, Kautiainen H, Kumpusalo E, Vanhala M.
Gender differences relating to metabolic syndrome and proinflammation in
Finnish subjects with elevated blood pressure. Mediators Inflamm. (2009)
2009:959281. doi: 10.1155/2009/959281

34. Rutter MK, Meigs JB, Sullivan LM, D’Agostino Sr. RB, Wilson PW. C-
reactive protein, the metabolic syndrome, and prediction of cardiovascular
events in the framingham offspring study. Circulation. (2004) 110(4):380-5.
doi: 10.1161/01.CIR.0000136581.59584.0E

Frontiers in Global Women's Health

10.3389/fgwh.2022.979708

35. Kaisar MO, Armstrong K, Hawley C, Campbell S, Mudge D, Johnson DW,
et al. Adiponectin is associated with cardiovascular disease in Male renal
transplant recipients: baseline results from the LANDMARK 2 study. BMC
Nephrol. (2009) 10:29. doi: 10.1186/1471-2369-10-29

36. Gardner AW, Parker DE, Montgomery PS, Sosnowska D, Casanegra Al,
Ungvari Z, et al. Influence of diabetes on ambulation and inflammation in men
and women with symptomatic peripheral artery disease. J Clin Transl
Endocrinol. (2015) 2(4):137-43. doi: 10.1016/j.jcte.2015.08.003

37. Khadir A, Tiss A, Kavalakatt S, Behbehani K, Dehbi M, Elkum N. Gender-
specific association of oxidative stress and inflammation with cardiovascular risk
factors in Arab population. Mediators Inflamm. (2015) 2015:512603. doi: 10.1155/
2015/512603

38. Clark DO, Unroe KT, Xu H, Keith NR, Callahan CM, Tu W. Sex and race
differences in the relationship between obesity and C-reactive protein. Ethn Dis.
(2016) 26(2):197-204. doi: 10.18865/ed.26.2.197

39. Rexrode KM, Pradhan A, Manson JE, Buring JE, Ridker PM. Relationship of
total and abdominal adiposity with CRP and IL-6 in women. Ann Epidemiol.
(2003) 13(10):674-82. doi: 10.1016/S1047-2797(03)00053-X

40. Khera A, McGuire DK, Murphy SA, Stanek HG, Das SR, Vongpatanasin W,
et al. Race and gender differences in C-reactive protein levels. ] Am Coll Cardiol.
(2005) 46(3):464-9. doi: 10.1016/j.jacc.2005.04.051

41. Nari F, Jang BN, Kim GR, Park EC, Jang SI. Synergistic effects and sex
differences in anthropometric measures of obesity and elevated high-sensitivity
C-reactive protein levels. Int | Environ Res Public Health. (2020) 17(21):1-11.
doi: 10.3390/ijerph17218279

42. Ishii S, Karlamangla AS, Bote M, Irwin MR, Jacobs Jr. DR, Cho HJ, et al.
Gender, obesity and repeated elevation of C-reactive protein: data from the
CARDIA cohort. PLoS One. (2012) 7(4):e36062. doi: 10.1371/journal.pone.
0036062

43. Mora S, Lee IM, Buring JE, Ridker PM. Association of physical activity and
body mass index with novel and traditional cardiovascular biomarkers in women.
JAMA. (2006) 295(12):1412-9. doi: 10.1001/jama.295.12.1412

44. Flhakeem A, Cooper R, Whincup P, Brage S, Kuh D, Hardy R. Physical
activity, sedentary time, and cardiovascular disease biomarkers at age 60 to 64
years. ] Am Heart Assoc. (2018) 7(16):¢007459. doi: 10.1161/JAHA.117.007459

45. Chen M, Hung CL, Yun CH, Webel AR, Longenecker CT. Sex differences in
the association of fat and inflammation among people with treated HIV infection.
Pathog Immun. (2019) 4(1):163-79. doi: 10.20411/pai.v4il.304

46. Powell-Wiley TM, Poirier P, Burke LE, Despres JP, Gordon-Larsen P, Lavie
CJ, et al. Obesity and cardiovascular disease: a scientific statement from the
American heart association. Circulation. (2021) 143(21):984-e1010. doi: 1161/
CIR.0000000000000973

47. Fox CS, Massaro JM, Hoffmann U, Pou KM, Maurovich-Horvat P, Liu CY,
et al. Abdominal visceral and subcutaneous adipose tissue compartments:
association with metabolic risk factors in the framingham heart study.
Circulation. (2007) 116(1):39-48. doi: 10.1161/CIRCULATIONAHA.106.675355

48. Cartier A, Cote M, Lemieux I, Perusse L, Tremblay A, Bouchard C, et al. Sex
differences in inflammatory markers: what is the contribution of visceral
adiposity? Am J Clin Nutr. (2009) 89(5):1307-14. doi: 10.3945/ajcn.2008.27030

49. Kammerlander AA, Lyass A, Mahoney TF, Massaro JM, Long MT, Vasan
RS, et al. Sex differences in the associations of visceral adipose tissue and
cardiometabolic and cardiovascular disease risk: the framingham heart study.
] Am Heart Assoc. (2021) 10(11):e019968. doi: 10.1161/JAHA.120.019968

50. Shah RV, Murthy VL, Abbasi SA, Blankstein R, Kwong RY, Goldfine AB,
et al. Visceral adiposity and the risk of metabolic syndrome across body mass
index: the MESA study. JACC Cardiovasc Imaging. (2014) 7(12):1221-35.
doi: 10.1016/j.jcmg.2014.07.017

51. Liu J, Fox CS, Hickson DA, May WD, Hairston KG, Carr J], et al. Impact of
abdominal visceral and subcutaneous adipose tissue on cardiometabolic risk
factors: the Jackson heart study. J Clin Endocrinol Metab. (2010) 95
(12):5419-26. doi: 10.1210/jc.2010-1378

52. Borodulin K, Laatikainen T, Salomaa V, Jousilahti P. Associations of leisure
time physical activity, self-rated physical fitness, and estimated aerobic fitness with
serum C-reactive protein among 3,803 adults. Atherosclerosis. (2006) 185
(2):381-7. doi: 10.1016/j.atherosclerosis.2005.06.015

53. Albert MA, Glynn R], Ridker PM. Effect of physical activity on serum C-
reactive protein. Am ] Cardiol. (2004) 93(2):221-5. doi: 10.1016/j.amjcard.2003.
09.046

54. Muiesan ML, Salvetti M, Rosei CA, Paini A. Gender differences in
antihypertensive treatment: myths or legends? High Blood Press Cardiovasc
Prev. (2016) 23(2):105-13. doi: 10.1007/s40292-016-0148-1

frontiersin.org


https://doi.org/10.1080/13547500410001670303
https://doi.org/10.1111/j.1365-2265.2010.03879.x
https://doi.org/10.1161/CIRCOUTCOMES.116.003470
https://doi.org/10.1161/CIRCOUTCOMES.116.003470
https://doi.org/10.1016/j.jacc.2019.06.077
https://doi.org/10.1161/01.ATV.19.4.972
https://doi.org/10.1161/01.CIR.102.1.42
https://doi.org/10.1172/JCI29069
https://doi.org/10.2337/diacare.25.11.2016
https://doi.org/10.1186/1475-2840-12-61
https://doi.org/10.1186/1475-2840-12-61
https://doi.org/10.1001/jama.286.3.327
https://doi.org/10.1378/chest.08-2288
https://doi.org/10.1016/j.jacc.2003.12.047
https://doi.org/10.1089/jwh.2010.2075
https://doi.org/10.1089/jwh.2010.2075
https://doi.org/10.1152/ajpendo.00699.2007
https://doi.org/10.1016/j.atherosclerosis.2007.06.022
https://doi.org/10.1016/j.atherosclerosis.2007.06.022
https://doi.org/10.2147/DMSO.S241774
https://doi.org/10.1007/s00392-006-0351-5
https://doi.org/10.1155/2009/959281
https://doi.org/10.1161/01.CIR.0000136581.59584.0E
https://doi.org/10.1186/1471-2369-10-29
https://doi.org/10.1016/j.jcte.2015.08.003
https://doi.org/10.1155/2015/512603
https://doi.org/10.1155/2015/512603
https://doi.org/10.18865/ed.26.2.197
https://doi.org/10.1016/S1047-2797(03)00053-X
https://doi.org/10.1016/j.jacc.2005.04.051
https://doi.org/10.3390/ijerph17218279
https://doi.org/10.1371/journal.pone.0036062
https://doi.org/10.1371/journal.pone.0036062
https://doi.org/10.1001/jama.295.12.1412
https://doi.org/10.1161/JAHA.117.007459
https://doi.org/10.20411/pai.v4i1.304
https://doi.org/1161/CIR.0000000000000973
https://doi.org/1161/CIR.0000000000000973
https://doi.org/10.1161/CIRCULATIONAHA.106.675355
https://doi.org/10.3945/ajcn.2008.27030
https://doi.org/10.1161/JAHA.120.019968
https://doi.org/10.1016/j.jcmg.2014.07.017
https://doi.org/10.1210/jc.2010-1378
https://doi.org/10.1016/j.atherosclerosis.2005.06.015
https://doi.org/10.1016/j.amjcard.2003.09.046
https://doi.org/10.1016/j.amjcard.2003.09.046
https://doi.org/10.1007/s40292-016-0148-1
https://doi.org/10.3389/fgwh.2022.979708
https://www.frontiersin.org/journals/global-womens-health
https://www.frontiersin.org/

Kottilil and Mathur

55. Lakoski SG, Cushman M, Siscovick DS, Blumenthal RS, Palmas W, Burke G,
et al. The relationship between inflammation, obesity and risk for hypertension in
the multi-ethnic study of atherosclerosis (MESA). J] Hum Hypertens. (2011) 25
(2):73-9. doi: 10.1038/jhh.2010.91

56. Bedard A, Lamarche B, Corneau L, Dodin S, Lemieux S. Sex differences in
the impact of the Mediterranean diet on systemic inflammation. Nutr J. (2015)
14:46. doi: 10.1186/s12937-015-0035-y

57. Farooq A, Knez WL, Knez K, Al-Noaimi A, Grantham ], Mohamed-Ali V.
Gender differences in fat distribution and inflammatory markers among arabs.
Mediators Inflamm. (2013) 2013:497324. doi: 10.1155/2013/497324

58. Miranda-Vilela AL, Pereira LC, Goncalves CA, Grisolia CK. Pequi fruit
(Caryocar brasiliense camb.) pulp oil reduces exercise-induced inflammatory
markers and blood pressure of male and female runners. Nutr Res. (2009) 29
(12):850-8. doi: 10.1016/j.nutres.2009.10.022

59. Kildey K, Rooks K, Weier S, Flower RL, Dean MM. Effect of age, gender and
mannose-binding lectin (MBL) status on the inflammatory profile in peripheral
blood plasma of Australian blood donors. Hum Immunol. (2014) 75(9):973-9.
doi: 10.1016/j.humimm.2014.08.200

60. Fiechter M, Haider A, Bengs S, Maredziak M, Burger IA, Roggo A, et al.
Sex differences in the association between inflammation and ischemic
heart disease. Thromb Haemost. (2019) 119(9):1471-80. doi: 10.1055/s-0039-
1692442

61. Shanahan L, Copeland WE, Worthman CM, Erkanli A, Angold A, Costello EJ.
Sex-differentiated changes in C-reactive protein from ages 9 to 21: the contributions
of BMI and physical/sexual maturation. Psychoneuroendocrinology. (2013) 38
(10):2209-17. doi: 10.1016/j.psyneuen.2013.04.010

62. Wegner A, Elsenbruch S, Rebernik L, Roderigo T, Engelbrecht E, Jager M,
et al. Inflammation-induced pain sensitization in men and women: does sex
matter in experimental endotoxemia? Pain. (2015) 156(10):1954-64. doi: 10.
1097/j.pain.0000000000000256

63. Moscovis SM, Cox A, Hall ST, Burns CJ, Scott R], Blackwell CC. Effects of
gender, cytokine gene polymorphisms and environmental factors on
inflammatory responses. Innate Immun. (2015) 21(5):523-30. doi: 10.1177/
1753425914553645

64. Jacobson S, Liedgren E, Johansson G, Ferm M, Winso O. Sequential organ
failure assessment (SOFA) scores differ between genders in a sepsis cohort: cause
or effect? Ups ] Med Sci. (2012) 117(4):415-25. doi: 10.3109/03009734.2012.703255

65. Klein SL, Flanagan KL. Sex differences in immune responses. Nat Rev
Immunol. (2016) 16(10):626-38. doi: 10.1038/nri.2016.90

66. Shi S, Qin M, Shen B, Cai Y, Liu T, Yang F, et al. Association of cardiac
injury with mortality in hospitalized patients with COVID-19 in Wuhan,
China. JAMA Cardiol. (2020) 5(7):802-10. doi: 10.1001/jamacardio.2020.0950

67. Moran CA, Collins LF, Beydoun N, Mehta PK, Fatade Y, Isiadinso I, et al.
Cardiovascular implications of immune disorders in women. Circ Res. (2022)
130(4):593-610. doi: 10.1161/CIRCRESAHA.121.319877

68. Hermansen ML, Lindhardsen J, Torp-Pedersen C, Faurschou M, Jacobsen S.
The risk of cardiovascular morbidity and cardiovascular mortality in systemic
lupus erythematosus and lupus nephritis: a Danish nationwide population-
based cohort study. Rheumatology. (2017) 56(5):709-15. doi: 10.1093/
rheumatology/kew475

69. Symmons DP, Gabriel SE. Epidemiology of CVD in rheumatic disease, with
a focus on RA and SLE. Nat Rev Rheumatol. (2011) 7(7):399-408. doi: 10.1038/
nrrheum.2011.75

70. Svenungsson E, Gunnarsson I, Fei GZ, Lundberg 1E, K]areskog L, Frostegard
J. Elevated triglycerides and low levels of high-density lipoprotein as markers of
disease activity in association with up-regulation of the tumor necrosis factor
alpha/tumor necrosis factor receptor system in systemic lupus erythematosus.
Arthritis Rheum. (2003) 48(9):2533-40. doi: 10.1002/art.11264

71. Chung CP, Oeser A, Solus J, Avalos I, Gebretsadik T, Shintani A, et al.
Inflammatory mechanisms affecting the lipid profile in patients with systemic
lupus erythematosus. ] Rheumatol. (2007) 34(9):1849-54. PMID: 17659756

72. Maradit-Kremers H, Crowson CS, Nicola PJ, Ballman KV, Roger VL,
Jacobsen SJ, et al. Increased unrecognized coronary heart disease and sudden
deaths in rheumatoid arthritis: a population-based cohort study. Arthritis
Rheum. (2005) 52(2):402-11. doi: 10.1002/art.20853

73. del Rincon I, Polak JF, O’Leary DH, Battafarano DF, Erikson JM, Restrepo
JF, et al. Systemic inflammation and cardiovascular risk factors predict rapid
progression of atherosclerosis in rheumatoid arthritis. Ann Rheum Dis. (2015)
74(6):1118-23. doi: 10.1136/annrheumdis-2013-205058

74. Womack JA, Chang CC, So-Armah KA, Alcorn C, Baker JV, Brown ST, et al.

HIV Infection and cardiovascular disease in women. ] Am Heart Assoc. (2014) 3
(5):€001035. doi: 10.1161/JAHA.114.001035

Frontiers in Global Women's Health

11

10.3389/fgwh.2022.979708

75. Stone L, Looby SE, Zanni MV. Cardiovascular disease risk among women
living with HIV in North America and Europe. Curr Opin HIV AIDS. (2017)
12(6):585-93. doi: 10.1097/COH.0000000000000413

76. Triant VA, Lee H, Hadigan C, Grinspoon SK. Increased acute myocardial
infarction rates and cardiovascular risk factors among patients with human
immunodeficiency virus disease. J Clin Endocrinol Metab. (2007) 92(7):2506-12.
doi: 10.1210/j¢.2006-2190

77. Mathad JS, Gupte N, Balagopal A, Asmuth D, Hakim J, Santos B, et al. Sex-
related differences in inflammatory and immune activation markers before and
after combined antiretroviral therapy initiation. J Acquir Immune Defic Syndr.
(2016) 73(2):123-9. doi: 10.1097/QAI.0000000000001095

78. Wang H, Bai J, He B, Hu X, Liu D. Osteoarthritis and the risk of
cardiovascular disease: a meta-analysis of observational studies. Sci Rep. (2016)
6:39672. doi: 10.1038/srep39672

79. Perruccio AV, Chandran V, Power JD, Kapoor M, Mahomed NN, Gandhi R.
Systemic inflammation and painful joint burden in osteoarthritis: a matter of sex?
Osteoarthritis Cartilage. (2017) 25(1):53-9. doi: 10.1016/j.joca.2016.08.001

80. Perruccio AV, Zahid S, Yip C, Power JD, Canizares M, Heckman GG, et al.
Sex differences in the relationship between heart disease risk profile and
osteoarthritis. Osteoarthritis Cartilage. (2021) 29:5257-S8. doi: 10.1016/j.joca.
2021.02.342

81. Kessous R, Shoham-Vardi I, Pariente G, Holcberg G, Sheiner E. An
association between preterm delivery and long-term maternal cardiovascular
morbidity. Am ] Obstet Gynecol. (2013) 209(4):368 el-8. doi: 10.1016/j.ajog.
2013.05.041

82. Vrachnis N, Augoulea A, Iliodromiti Z, Lambrinoudaki I, Sifakis S, Creatsas
G. Previous gestational diabetes mellitus and markers of cardiovascular risk. Int
J Endocrinol. (2012) 2012:458610. doi: 10.1155/2012/458610

83. Kew S, Ye C, Hanley AJ, Connelly PW, Sermer M, Zinman B, et al.
Cardiometabolic implications of postpartum weight changes in the first year
after delivery. Diabetes Care. (2014) 37(7):1998-2006. doi: 10.2337/dc14-0087

84. Bellamy L, Casas JP, Hingorani AD, Williams DJ. Pre-eclampsia and
risk of cardiovascular disease and cancer in later life: systematic review and
meta-analysis. Br Med J. (2007) 335(7627):974. doi: 10.1136/bmj.39335.385301.BE

85. Cushman M, Legault C, Barrett-Connor E, Stefanick ML, Kessler C, Judd
HL, et al. Effect of postmenopausal hormones on inflammation-sensitive
proteins: the postmenopausal estrogen/progestin interventions (PEPI) study.
Circulation. (1999) 100(7):717-22. doi: 10.1161/01.CIR.100.7.717

86. Hulley S, Grady D, Bush T, Furberg C, Herrington D, Riggs B, et al.
Randomized trial of estrogen plus progestin for secondary prevention of
coronary heart disease in postmenopausal women. Heart and estrogen/progestin
replacement study (HERS) research group. JAMA. (1998) 280(7):605-13.
doi: 10.1001/jama.280.7.605

87. Ridker PM, Hennekens CH, Rifai N, Buring JE, Manson JE. Hormone
replacement therapy and increased plasma concentration of C-reactive protein.
Circulation. (1999) 100(7):713-6. doi: 10.1161/01.CIR.100.7.713

88. Cushman M, Meilahn EN, Psaty BM, Kuller LH, Dobs AS, Tracy RP.
Hormone replacement therapy, inflammation, and hemostasis in elderly
women. Arterioscler Thromb Vasc Biol. (1999) 19(4):893-9. doi: 10.1161/01.
ATV.19.4.893

89. Rossouw JE, Anderson GL, Prentice RL, LaCroix AZ, Kooperberg C,
Stefanick ML, et al. Risks and benefits of estrogen plus progestin in healthy
postmenopausal women: principal results from the Women’s Health initiative
randomized controlled trial. JAMA. (2002) 288(3):321-33. doi: 10.1001/jama.
288.3.321

90. Jabbar A, Pingitore A, Pearce SH, Zaman A, Iervasi G, Razvi S. Thyroid
hormones and cardiovascular disease. Nat Rev Cardiol. (2017) 14(1):39-55.
doi: 10.1038/nrcardio.2016.174

91. Razvi S, Jabbar A, Pingitore A, Danzi S, Biondi B, Klein I, et al. Thyroid
hormones and cardiovascular function and diseases. ] Am Coll Cardiol. (2018)
71(16):1781-96. doi: 10.1016/j.jacc.2018.02.045

92. Friberg L, Werner S, Eggertsen G, Ahnve S. Rapid down-regulation of
thyroid hormones in acute myocardial infarction: is it cardioprotective in
patients with angina? Arch Intern Med. (2002) 162(12):1388-94. doi: 10.1001/
archinte.162.12.1388

93. Kimur T, Kotajima N, Kanda T, Kuwabara A, Fukumura Y, Kobayashi I.
Correlation of circulating interleukin-10 with  thyroid hormone in
acute myocardial infarction. Res Commun Mol Pathol Pharmacol. (2001) 110(1-
2):53-8. PMID: 12090356

94. Birur B, Amrock EM, Shelton RC, Li L. Sex differences in the peripheral
immune system in patients with depression. Front Psychiatry. (2017) 8:108.
doi: 10.3389/fpsyt.2017.00108

frontiersin.org


https://doi.org/10.1038/jhh.2010.91
https://doi.org/10.1186/s12937-015-0035-y
https://doi.org/10.1155/2013/497324
https://doi.org/10.1016/j.nutres.2009.10.022
https://doi.org/10.1016/j.humimm.2014.08.200
https://doi.org/10.1055/s-0039-1692442
https://doi.org/10.1055/s-0039-1692442
https://doi.org/10.1016/j.psyneuen.2013.04.010
https://doi.org/10.1097/j.pain.0000000000000256
https://doi.org/10.1097/j.pain.0000000000000256
https://doi.org/10.1177/1753425914553645
https://doi.org/10.1177/1753425914553645
https://doi.org/10.3109/03009734.2012.703255
https://doi.org/10.1038/nri.2016.90
https://doi.org/10.1001/jamacardio.2020.0950
https://doi.org/10.1161/CIRCRESAHA.121.319877
https://doi.org/10.1093/rheumatology/kew475
https://doi.org/10.1093/rheumatology/kew475
https://doi.org/10.1038/nrrheum.2011.75
https://doi.org/10.1038/nrrheum.2011.75
https://doi.org/10.1002/art.11264
https://pubmed.ncbi.nlm.nih.gov/17659756
https://doi.org/10.1002/art.20853
https://doi.org/10.1136/annrheumdis-2013-205058
https://doi.org/10.1161/JAHA.114.001035
https://doi.org/10.1097/COH.0000000000000413
https://doi.org/10.1210/jc.2006-2190
https://doi.org/10.1097/QAI.0000000000001095
https://doi.org/10.1038/srep39672
https://doi.org/10.1016/j.joca.2016.08.001
https://doi.org/10.1016/j.joca.2021.02.342
https://doi.org/10.1016/j.joca.2021.02.342
https://doi.org/10.1016/j.ajog.2013.05.041
https://doi.org/10.1016/j.ajog.2013.05.041
https://doi.org/10.1155/2012/458610
https://doi.org/10.2337/dc14-0087
https://doi.org/10.1136/bmj.39335.385301.BE
https://doi.org/10.1161/01.CIR.100.7.717
https://doi.org/10.1001/jama.280.7.605
https://doi.org/10.1161/01.CIR.100.7.713
https://doi.org/10.1161/01.ATV.19.4.893
https://doi.org/10.1161/01.ATV.19.4.893
https://doi.org/10.1001/jama.288.3.321
https://doi.org/10.1001/jama.288.3.321
https://doi.org/10.1038/nrcardio.2016.174
https://doi.org/10.1016/j.jacc.2018.02.045
https://doi.org/10.1001/archinte.162.12.1388
https://doi.org/10.1001/archinte.162.12.1388
https://pubmed.ncbi.nlm.nih.gov/12090356
https://doi.org/10.3389/fpsyt.2017.00108
https://doi.org/10.3389/fgwh.2022.979708
https://www.frontiersin.org/journals/global-womens-health
https://www.frontiersin.org/

Kottilil and Mathur

95. Kohler-Forsberg O, Buttenschon HN, Tansey KE, Maier W, Hauser J,
Dernovsek MZ, et al. Association between C-reactive protein (CRP) with
depression symptom severity and specific depressive symptoms in major
depression. Brain Behav Immun. (2017) 62:344-50. doi: 10.1016/j.bbi.2017.02.020

96. Song S, DeMeo NN, Almeida DM, Majd M, Engeland CG, Graham-
Engeland JE. The longitudinal connection between depressive symptoms and
inflammation: mediation by sleep quality. PLoS One. (2022) 17(5):e0269033.
doi: 10.1371/journal.pone.0269033

97. Pimple P, Lima BB, Hammadah M, Wilmot K, Ramadan R, Levantsevych O,
et al. Psychological distress and subsequent cardiovascular events in individuals
with coronary artery disease. ] Am Heart Assoc. (2019) 8(9):e011866. doi: 10.
1161/JAHA.118.011866

98. Rooks CR, Ibeanu I, Shah A, Pimple P, Murrah N, Shallenberger L, et al.
Young women post-MI have higher plasma concentrations of interleukin-6
before and after stress testing. Brain Behav Immun. (2016) 51:92-8. doi: 10.
1016/j.bbi.2015.08.008

99. Sullivan S, Young A, Hammadah M, Lima BB, Levantsevych O, Ko YA, et al.
Sex differences in the inflammatory response to stress and risk of adverse
cardiovascular outcomes among patients with coronary heart disease. Brain
Behav Immun. (2020) 90:294-302. doi: 10.1016/j.bbi.2020.09.001

100. Lockwood KG, Marsland AL, Cohen S, Gianaros PJ. Sex differences in the
association between stressor-evoked interleukin-6 reactivity and C-reactive
protein. Brain Behav Immun. (2016) 58:173-80. doi: 10.1016/j.bbi.2016.07.001

101. Prather AA, Epel ES, Cohen BE, Neylan TC, Whooley MA. Gender
differences in the prospective associations of self-reported sleep quality with
biomarkers of systemic inflammation and coagulation: findings from the heart
and soul study. J Psychiatr Res. (2013) 47(9):1228-35. doi: 10.1016/j.jpsychires.
2013.05.004

102. Irwin MR, Carrillo C, Olmstead R. Sleep loss activates cellular markers of
inflammation: sex differences. Brain Behav Immun. (2010) 24(1):54-7. doi: 10.
1016/j.bbi.2009.06.001

103. Ford ES, Giles WH, Mokdad AH, Myers GL. Distribution and correlates of
C-reactive protein concentrations among adult US women. Clin Chem. (2004) 50
(3):574-81. doi: 10.1373/clinchem.2003.027359

104. Albert MA, Glynn RJ, Buring J, Ridker PM. C-reactive protein levels among
women of various ethnic groups living in the United States (from the Women’s
Health study). Am ] Cardiol. (2004) 93(10):1238-42. doi: 10.1016/j.amjcard.
2004.01.067

105. Cunningham TJ, Seeman TE, Kawachi I, Gortmaker SL, Jacobs DR, Kiefe
CI, et al. Racial/ethnic and gender differences in the association between self-

Frontiers in Global Women's Health

12

10.3389/fgwh.2022.979708

reported experiences of racial/ethnic discrimination and inflammation in the
CARDIA cohort of 4 US communities. Soc Sci Med. (2012) 75(5):922-31.
doi: 10.1016/j.socscimed.2012.04.027

106. Akasaka T, Hokimoto S, Sueta D, Tabata N, Sakamoto K, Yamamoto E,
et al. Sex differences in the impact of CYP2C19 polymorphisms and low-grade
inflammation on coronary microvascular disorder. Am ] Physiol Heart Circ
Physiol. (2016) 310(11):H1494-500. doi: 10.1152/ajpheart.00911.2015

107. Hamm CW, Ravkilde J, Gerhardt W, Jorgensen P, Peheim E, Ljungdahl L,
et al. The prognostic value of serum troponin T in unstable angina. N Engl ] Med.
(1992) 327(3):146-50. doi: 10.1056/NEJM199207163270302

108. Wiviott SD, Cannon CP, Morrow DA, Murphy SA, Gibson CM, McCabe
CH, et al. Differential expression of cardiac biomarkers by gender in patients with
unstable angina/non-ST-elevation myocardial infarction: a TACTICS-TIMI 18
(treat angina with aggrastat and determine cost of therapy with an invasive or
conservative strategy-thrombolysis in myocardial infarction 18) substudy.
Circulation. (2004) 109(5):580-6. doi: 10.1161/01.CIR.0000109491.66226.26

109. Mueller-Hennessen M, Lindahl B, Giannitsis E, Biener M, Vafaie M,
deFilippi CR, et al. Diagnostic and prognostic implications using age- and
gender-specific cut-offs for high-sensitivity cardiac troponin T - Sub-analysis
from the TRAPID-AMI study. Int J Cardiol. (2016) 209:26-33. doi: 10.1016/j.
ijcard.2016.01.213

110. Vaccarino V, Badimon L, Corti R, de Wit C, Dorobantu M, Manfrini O,
et al. Presentation, management, and outcomes of ischaemic heart disease in
women. Nat Rev Cardiol. (2013) 10(9):508-18. doi: 10.1038/nrcardio.2013.93

111. Eggers KM, Johnston N, James S, Lindahl B, Venge P. Cardiac troponin I
levels in patients with non-ST-elevation acute coronary syndrome-the importance
of gender. Am Heart ]. (2014) 168(3):317-24 el. doi: 10.1016/j.ahj.2014.06.006

112. Shah AS, Griffiths M, Lee KK, McAllister DA, Hunter AL, Ferry AV, et al.
High sensitivity cardiac troponin and the under-diagnosis of myocardial
infarction in women: prospective cohort study. Br Med J. (2015) 350:g7873.
doi: 10.1136/bmij.g7873

113. Cullen L, Greenslade JH, Carlton EW, Than M, Pickering JW, Ho A, et al.
Sex-specific versus overall cut points for a high sensitivity troponin I assay in
predicting 1-year outcomes in emergency patients presenting with chest pain.
Heart. (2016) 102(2):120-6. doi: 10.1136/heartjnl-2015-308506

114. Manson JE, Bassuk SS. Biomarkers of cardiovascular disease risk in women.
Metab Clin Exp. (2015) 64(3 Suppl 1):533-9. doi: 10.1016/j.metabol.2014.10.028

115. Shah ASV, Ferry AV, Mills NL. Cardiac biomarkers and the diagnosis of
myocardial infarction in women. Curr Cardiol Rep. (2017) 19(5):40. doi: 10.
1007/s11886-017-0839-9

frontiersin.org


https://doi.org/10.1016/j.bbi.2017.02.020
https://doi.org/10.1371/journal.pone.0269033
https://doi.org/10.1161/JAHA.118.011866
https://doi.org/10.1161/JAHA.118.011866
https://doi.org/10.1016/j.bbi.2015.08.008
https://doi.org/10.1016/j.bbi.2015.08.008
https://doi.org/10.1016/j.bbi.2020.09.001
https://doi.org/10.1016/j.bbi.2016.07.001
https://doi.org/10.1016/j.jpsychires.2013.05.004
https://doi.org/10.1016/j.jpsychires.2013.05.004
https://doi.org/10.1016/j.bbi.2009.06.001
https://doi.org/10.1016/j.bbi.2009.06.001
https://doi.org/10.1373/clinchem.2003.027359
https://doi.org/10.1016/j.amjcard.2004.01.067
https://doi.org/10.1016/j.amjcard.2004.01.067
https://doi.org/10.1016/j.socscimed.2012.04.027
https://doi.org/10.1152/ajpheart.00911.2015
https://doi.org/10.1056/NEJM199207163270302
https://doi.org/10.1161/01.CIR.0000109491.66226.26
https://doi.org/10.1016/j.ijcard.2016.01.213
https://doi.org/10.1016/j.ijcard.2016.01.213
https://doi.org/10.1038/nrcardio.2013.93
https://doi.org/10.1016/j.ahj.2014.06.006
https://doi.org/10.1136/bmj.g7873
https://doi.org/10.1136/heartjnl-2015-308506
https://doi.org/10.1016/j.metabol.2014.10.028
https://doi.org/10.1007/s11886-017-0839-9
https://doi.org/10.1007/s11886-017-0839-9
https://doi.org/10.3389/fgwh.2022.979708
https://www.frontiersin.org/journals/global-womens-health
https://www.frontiersin.org/

	The influence of inflammation on cardiovascular disease in women
	Introduction
	Traditional risk factors
	Diabetes
	Smoking
	Metabolic syndrome / obesity and overweight
	Physical inactivity
	Hypertension
	Dyslipidemia / diet

	Nontraditional risk factors
	Baseline inflammation level and a reduced anti-inflammatory response
	Critical illness and sepsis
	Autoimmune diseases
	HIV
	Osteoarthritis
	Adverse pregnancy outcomes
	Hormone replacement therapy
	Thyroid dysfunction
	Depression
	Stress
	Sleep disruption
	Race
	Racial discrimination
	Genetic polymorphisms


	Discussion
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


