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A B S T R A C T   

There are currently no sex-specific guidelines for evaluation and management of blood lipids. While previous 
guidelines acknowledge sex-specific risk enhancing factors for lipid management in women for CVD prevention, 
this review focuses on how lipids are impacted during normal hormonal changes throughout a woman’s life 
cycle- during adolescence, pre-pregnancy, pregnancy, pre- and perimenopause, menopause, and at older ages. In 
this review, the authors focus on management of primary prevention of CVD by examining sex-specific car
diovascular risk factors at each stage and pay special attention to statin use, statin side effects and non-statin 
therapies. Women need to understand their personalized cholesterol goals and ally with their clinicians to 
ensure successful management. Additionally, we highlight the biases that exist when treating dyslipidemia in 
women and the special care clinicians should take to ensure appropriate and aggressive therapies are made 
available to female patients. Finally, the authors recommend future research should focus on increasing 
enrollment of women in lipid trials. This is of paramount importance in discovering sex-specific difference in 
lipid management.    

Abbreviations 
TC total cholesterol 
LDL low-density lipoprotein 
VLDL very low-density lipoprotein 
HDL high-density lipoprotein 
TG triglycerides 
Lp(a) lipoprotein a 
ASCVD atherosclerotic cardiovascular disease 
CVD cardiovascular disease 
PCE pooled cohort equations 
DM diabetes mellitus 

FH familial hypercholesterolemia 
CAC coronary Artery Calcium 

1. Introduction 

Men are historically over-represented in clinical CVD research trials 
and there is often paucity of data for sex-specific guideline recommen
dations. There are distinct differences between the sexes, including 
women presenting later with CVD and often receiving less aggressive 
therapies [1,2]. While guidelines acknowledge sex-specific risk factors 
and provide general recommendations for lipid management in women 
[3], this manuscript focuses on how lipids are impacted during normal 
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hormonal changes throughout a woman’s life cycle. The present 
manuscript covers the entire spectrum of a woman’s life cycle from 
childhood to the post-menopausal period and incorporates assessment of 
sex-specific cardiovascular risk factors into recommendations for man
agement, particularly in the setting of primary prevention of CVD, which 
includes statin use, side effects, and non-statin therapies in women. 

2. Life cycle 

2.1. Childhood and adolescence 

Though hyperlipidemia has not historically been thought of as a 
disease in children, screening is now recommended as part of routine 
pediatric care [4]. Increased levels of lipids have been noted even in 
newborns. A study from Norway [5] showed that concentrations of HDL 
cholesterol were significantly positively associated with maternal 
hyperlipidemia. Furthermore, female newborns had higher concentra
tions of many cholesterol metabolites compared to male newborns. 

The National Heart Blood and Lung Institute’s (NHLBI) Expert Panel 
on Integrated Guidelines for Cardiovascular Health and Risk Reduction 
in Children and Adolescents recommends universal screening of lipids 
with a non-fasting TC, HDL-C, and non-HDL cholesterol at ages 9–11 and 
17–21 and then every 5 years afterwards [6]. Higher risk individuals 
require screening as young as 2 years old. Familial hyperlipidemia (FH) 
includes genetic defects resulting in severe elevations in blood choles
terol levels, increasing cardiovascular risk. The heterozygous form 
(HeFH) occurs in approximately 1 in 300–500 people while the homo
zygous form occurs in 1 out of every 1000,000 individuals [6]. FH 
should be suspected in children, adolescents and young adults (<20 
years) if screening LDL-C ≥160 mg/dL or non-HDL cholesterol ≥190 
mg/dL. 

Using the National Heart Lung Blood Institute’s screening guidelines 
in the pediatric population identifies individuals at risk of premature 
atherosclerosis. Evaluation for possible secondary causes of dyslipide
mia should be performed. In the setting of FH, early initiation of lipid- 
lowering can slow the progression of atherosclerosis and reduce the 
risk of CVD events in adulthood [7]. Statins are preferred for initial 
pharmacologic treatment in children and adolescents after initiation of 
diet and physical activity management. 

A history of early onset of menarche (at or before the age of 11) is 
associated with increased cardiovascular risk factors, including a more 
unfavorable lipid panel (specifically, higher TC, LDL and TG) [8,9] later 
in life at middle to older ages, as well as increased future CVD risk [10]. 
As elevated body mass index is one risk factor for early onset of 
menarche, prevention of childhood obesity and improved cardiovascu
lar health of children and adolescents is paramount. Lifestyle habits 
learned at a young age focusing on healthy diet and exercise are 
imperative for ideal blood cholesterol levels and long-term cardiovas
cular health. A recently published trial showed that implementing 
school-based programs aimed at teaching healthy cardiovascular health 
habits as early as preschool can achieve lasting lifestyle changes in 
children, including knowledge, attitudes and habits changed towards 
leading a healthy lifestyle [11]. The 2018 American Heart Association 
(AHA)/American College of Cardiology (ACC) Guideline on the Man
agement of Blood Cholesterol [12] and the 2019 ACC/AHA Guideline on 
the Primary Prevention of Cardiovascular Disease [3] recommend that 
patients consume a diet emphasizing vegetables, fruits, whole grains, 
legumes, healthy protein sources, and non-tropical vegetable oils. Intake 
of sweets, sugar-sweetened beverages, and red meats should be limited. 
All individuals should engage in at least 150 minutes per week of 
moderate-intensity aerobic physical activity or 75 minutes per week of 
vigorous-intensity aerobic physical activity [3]. 

Girls in their teenage years may be initiated on different forms of 
contraception (e.g. the “pill”, vaginal ring, transdermal patch) for a 
variety of reasons, including pregnancy prevention and treatment of 
menstrual cycle disorders [13]. The estrogen contained in oral combined 

hormonal contraceptives (CHC) can increase TG and HDL, but lower 
LDL. The magnitude of these changes is related to the potency of the 
estrogen and androgenicity (or lack of) of the progestin in the CHC. 
Similarly, the more estrogen a CHC contains, the greater impact on 
increasing TG [14]. These agents can cause severe hypertriglyceridemia 
(TG ≥500 mg/dL) in women with high baseline TG. Transdermal CHC 
(“the patch”) is less likely to produce clinically relevant elevations in TG. 
Clinicians should be aware of the potential impact of contraception on 
lipids. If contraception is needed, clinicians should utilize shared deci
sion making with patients to determine which form of contraception is 
most appropriate for that specific individual. 

2.2. Menstrual cycle 

There are normal variations in the lipid profile associated with the 
menstrual cycle, which may explain intra-person variation in lipid 
profile (5–8% on average) depending on the timing of lipid profile 
ascertainment in relation to menses [15]. Total cholesterol and LDL-C 
levels increase rapidly after menses and peak during the follicular 
phase, followed by a decline throughout the luteal phase. The peak 
levels of total cholesterol and LDL-C during the follicular phase corre
spond to the rise and peak of estrogen, whereas their decline in the luteal 
phase corresponds to the risk and peak of progesterone. HDL-C levels are 
the highest around ovulation corresponding to the high levels of estro
gen. The authors of this paper recommend that clinicians take the 
menstrual cycle phase into account when evaluating cholesterol levels to 
improve the accuracy of the clinical interpretation. Currently, standard 
guidelines have not been established regarding when to check lipid 
levels in menstruating women, but ideally levels should be monitored 
and compared at the same phase of the menstrual cycle. 

2.3. Polycystic ovary syndrome 

Polycystic ovary syndrome (PCOS) is one of the most frequent 
endocrine disorders of reproductive-age women, affecting 5–13% of the 
general population, and is characterized by menstrual irregularity or 
amenorrhea, hyperandrogenism, and polycystic ovaries. Hallmarked by 
insulin resistance, PCOS can be associated with significant dyslipidemia 
[16], including increased TG, LDL-C and low HDL-C, and is also asso
ciated with increased CVD risk [17]. Lifestyle management, including 
weight loss if overweight/obese, can help mitigate some of the 
CVD-risks associated with PCOS. 

2.4. Pre-pregnancy 

Optimizing cardiovascular health in women of reproductive age pre- 
pregnancy is important to improve maternal and offspring outcomes. 
Pre-existing dyslipidemia poses health risks to both the woman and her 
fetus. Lifestyle interventions, including diet and physical activity before 
pregnancy, are critical. Several studies have shown that unfavorable 
lipid profile pre-pregnancy [18], including elevations in TG, LDL-C, total 
cholesterol, and non-HDL-C, are associated with increased risk of sub
sequently developing preeclampsia during pregnancy. The Framingham 
Heart Study analyzed 538 parent-offspring pairs with parental LDL-C 
measured in the study before the offspring’s birth and concluded that 
maternal pre-pregnancy LDL-C levels are associated with adult offspring 
LDL-C levels beyond that attributable to measured lifestyle, anthropo
metric, and inherited genetic factors [19]. 

2.5. Pregnancy 

In a national U.S. sample [20] of pregnant women age 20–44, only 
39% of pregnant women had ideal cholesterol levels and less than 5% of 
women had ideal cardiovascular health overall. This is significantly 
lower than non-pregnant women and is particularly concerning given 
maternal gestational cardiovascular health is linked to their offspring’s 
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cardiovascular health [21]. 
Numerous changes in maternal physiology occur during pregnancy, 

including alterations in glucose and lipid metabolism, resulting in in
creases in both cholesterol and triglycerides [22]. During normal preg
nancies, there is an increase in cholesterol and these levels peak near 
term [14]. In a trial of 8700 women, TC increased by approximately 
35–37% [23] and during uncomplicated pregnancies, TC and TG did not 
exceed 250 mg/dL at any time during pregnancy. Thus, women with a 
known lipid disorder are recommended to have consultation with a lipid 
specialist prior to pregnancy. Higher levels of TC, TG, LDL-C, and lower 
levels of HDL-C during the first trimester have been associated with 
adverse outcomes including gestational diabetes, pulmonary embolism, 
and preterm birth [24]. High TG and low HDL-C levels during the third 
trimester are associated with increased risk of large for gestational age 
(LGA) and macrosomia [25]. Fortunately, a large registry from Norway 
[26] reported that women with FH did not appear to have a higher risk 
of premature delivery, preeclampsia, low birth weight infants, or 
congenital malformations compared to women in the general popula
tion. Of note in some countries, it is possible to test for the FH mutation 
in cord blood. 

Clinicians should be aware of the normal lipid profile changes during 
pregnancy. There are currently no set lipid screening recommendations 
for pregnant women, but the best time to screen for dyslipidemia is prior 
to pregnancy. The National Lipid Association recommends that if a pre- 
pregnancy lipid profile has not been checked, it is reasonable to check 
lipids during other routine assessment during pregnancy [14]. If values 
are abnormal, they should be monitored during pregnancy. Otherwise, 
follow up should be performed about 6 weeks post-partum. 

The U.S. Food and Drug Administration (FDA) recently removed its 
strongest recommendation that statins be considered contraindicated 
during pregnancy [27]. An early case series identified a small number of 
fetal malformations in women receiving lipophilic statins in the first 
trimester [12]. Subsequent cohort studies and meta-analyses have not 
replicated these findings, and no teratogenic effects have been identified 
in women receiving hydrophilic statins such as pravastatin and rosu
vastatin [12,28]. Increased miscarriage rates have been reported among 
women receiving statins in the first trimester, though this may be 
confounded by medical comorbidities [12,28]. When pregnancy is 
planned, stopping statin therapy one to two months before pregnancy 
should be considered, and women of childbearing age who are on statin 
therapy and sexually active should use a reliable form of contraception 
to avoid pregnancy [12]. When pregnancy occurs, the decision to 
continue statin therapy should be individualized based upon the pa
tient’s risk profile [27] and shared decision making between patient and 
the clinician. In women with FH who need LDL-C lowering during 
pregnancy and wish to avoid statins, bile acid sequestrants are not sys
temically absorbed and felt to be safe in pregnancy. Bile acid seques
trants can lower LDL-C by 15–20%, but their use can be limited by 
significant GI side effects. 

Interestingly, statins are currently being investigated as a potential 
therapy for the prevention of preeclampsia [29], given their ability to 
improve endothelial function and to decrease inflammation and oxida
tive stress. Although one clinical trial [30] failed to demonstrate a 
benefit for preeclampsia prevention, in that trial pravastatin (vs pla
cebo) was started after 35 weeks gestation which was likely too late in 
the pathogenesis of preeclampsia to impact outcomes. Another large 
randomized clinical trial is on-going (NCT03944512) which is enrolling 
high-risk women with a prior history of preeclampsia and randomizing 
them to pravastatin or placebo at a much earlier stage, between 12 and 
17 weeks gestation, to see if statin therapy can reduce the risk of pre
eclampsia, fetal loss, and maternal death. 

Women with hypertriglyceridemia at the onset of pregnancy may 
develop severe hypertriglyceridemia (TG ≥500 mg/dL) during the third 
trimester of pregnancy, complicated by pancreatitis [12,31]. Options for 
management of severe hypertriglyceridemia during pregnancy include 
bile acid sequestrants, niacin, fibrates, omega-3 fatty acids and plasma 

exchange [32] in addition to strict management of blood sugar, thyroid 
levels and diet [12]. Omega-3 supplements have not been shown to 
reduce the risk of preeclampsia but may decrease the risk of pre-term 
delivery [33]. 

Statin and fibrate use during breastfeeding has not been examined in 
clinical trials, and there is no published data indicating that it is harmful 
to the infant. Rosuvastatin and pravastatin at low doses were studied in a 
single trial and they may be considered during breastfeeding if benefits 
outweigh potential risks [34]. It is important to note that while the FDA 
currently does not recommend statin use during breastfeeding, some 
clinicians are using statins in women with FH and in the setting of sec
ondary prevention[35,36]. Bile acid sequestrants are considered safe for 
use during breastfeeding [14]. Similar to medication use during preg
nancy, the authors of this paper recommend shared decision making 
between patient and clinician to determine the ideal clinical course for 
individual patients. 

2.6. Pre & peri‑menopause 

Several sex-specific cardiovascular risk enhancers emerge during the 
pre- and peri-menopausal periods. In general, premenopausal women 
have a less proatherogenic plasma lipid profile than men, with higher 
HDL-C and lower LDL-C and TG compared to age-matched men [37]. 
However, as women age, levels of LDL increase an average of 2 mg/dL 
per year between ages 40 and 60 years [38] and aging is associated with 
increases in TC, LDL, TG, and a decrease in HDL [39]. For women, while 
the 10-year risk for an atherosclerotic CVD (ASCVD) event may be low to 
intermediate, lifetime risk may be substantially elevated. The 2018 
AHA/ACC guideline on the management of blood cholesterol for pri
mary prevention recommends applying risk-enhancing factors to pa
tients in the borderline and intermediate risk groups to identify those 
who may be at greater risk for ASCVD than suggested by the ACC/AHA 
Pooled Cohort Equations (PCE) alone [12]. The presence of a 
risk-enhancing factor in this group would favor the decision to initiate 
statin therapy for primary prevention. 

Sex-specific risk-enhancing factors include premature menopause 
and pregnancy-related conditions including preeclampsia, gestational 
hypertension, gestational diabetes, and pre-term delivery [40]. Inflam
matory disease risk enhancers more prevalent in women include rheu
matoid arthritis and systemic lupus erythematous. High TG and elevated 
Lp(a) levels are also important risk factors in women. In young women, 
predominance of small LDL-C particles has been associated with 
increased risk for myocardial infarction [41]. 

Atherosclerosis imaging, specifically CAC scoring, can also guide 
decisions about cholesterol therapy in women at borderline and inter
mediate ASCVD risk when there remains uncertainty about risk and/or 
the net benefit of statin therapy [3]. Among 2684 women without dia
betes in Multi-Ethnic Study of Atherosclerosis (MESA), 32% of women 
classified as “low risk” by Framingham Risk Score (FRS), had CAC score 
>0 and nearly 5% had a CAC ≥300, suggesting that women with posi
tive CAC scoring are at potentially higher risk than their FRS classifi
cation [42]. Moreover, the presence of CAC is associated with increased 
risk of ASCVD events even in low-risk women [43]. 

In the Atherosclerosis Risk in Communities (ARIC) study, carotid 
plaque had a more profound effect on improving risk prediction in 
women than in men [44]. Breast arterial calcification (BAC), found in 
~12.7% of women undergoing breast cancer screening, is associated 
with CAC and coronary atherosclerotic plaque, providing an indepen
dent and incremental value to clinical risk factors for the prediction of 
subclinical coronary atherosclerosis [45], and has been associated with 
increased risk for adverse cardiac events [46]. 

2.7. Menopause 

Menopause is defined by the final menstrual period (FMP) and her
alds a decline in estrogen levels which alters the lipid profile when 
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compared to the premenopausal stage. Menopause is associated with a 
more atherogenic lipid profile with increased levels of LDL-C, TC, Lp(a), 
with a decline in HDL-C levels. In a meta-analysis, women experienced a 
1.5 mg/dL and 1.2 mg/dL annual increase in TC and LDL-C, respectively 
following menopause [47]. The more atherogenic profile during 
menopause may in part be explained by correlation of reduced estrogen 
levels with downregulation of the LDL receptor in the liver as well as an 
increase in Lp(a) levels, an independent CVD risk factor. 
Post-menopausal women also exhibit a rise in small dense LDL-C parti
cles which are considered more atherogenic [48]. Data exploring the 
change in HDL-C levels following menopause remains controversial with 
most studies demonstrating no change or a slight increase in HDL-C. 

Several factors including smoking, autoimmune diseases, low so
cioeconomic status, Black race and Hispanic ethnicity are associated 
with an earlier age at menopause [49,50] and may contribute to the link 
between premature (before age of 40) and early menopause (before age 
of 45) and increased cardiovascular morbidity and mortality [51]. 
Menopause is also associated with an increase in fat mass, loss of skeletal 
mass, increased waist circumference, and increased central adiposity- 
independent of age, BMI, parity, use of hormone therapy, physical ac
tivity, alcohol consumption, and smoking. Change in abdominal fat 
distribution triggered by estrogen deficiency also influences the lipid 
profile and increases overall cardiovascular risk [52]. Central adiposity 
has been shown to increase insulin resistance and levels of free fatty acid 
and decrease adiponectin levels. This increases the risk of development 
of the metabolic syndrome and produces a surge in the secretion of apo 
B-containing particles, as well as an amplified activity of hepatic lipase, 
resulting in an increase in LDL-like particles and decrease in HDL-C 
levels, respectively [53]. 

2.8. Post-Menopause & the older adult 

While TC and LDL-C progressively increase during a woman’s life
span to age ~75 years (~10 years later than men), TC, LDL-C and HDL-C 
levels appear to decrease in the subsequent years, independent of 
weight, lifestyle, and chronic diseases [54]. Although triglyceride levels 
tend to decrease after age 75 years [55] (dependent on underlying 
metabolic factors), levels are higher in older women compared to older 
men 56] and independently predict CVD mortality in older women [57]. 
However, controversy exists in the relation between HDL-C and LDL-C to 
cardiovascular risk in older individuals. In the Women’s Health Initia
tive study of a large cohort of women aged 68–81 years without CVD and 
not taking cholesterol-lowering medication at baseline, investigators 
found no association between HDL-C and LDL-C levels and survival to 
age 90 after adjustment for cardiovascular risk factors [58]. This sug
gests low cholesterol levels late in life are not directly associated with 
higher mortality. However, another study from Copenhagen [59] of a 
general population of adults age 70–100 years found that elevated 
LDL-C was associated with increased risk for MI and ASCVD events. The 
risk of CVD attributable to lipids persists in older patients, although in 
the INTERHEART study, CVD risk associated with ApoB cholesterol was 
lower in older individuals compared to the young [60]. 

There is no established age cutoff above which screening for lipid 
abnormalities should not be performed for primary CVD prevention, but 
current guidelines give little specific guidance for those > 75 years old. 
As such, the National Lipid Association recommends cholesterol 
screening for adults >75 years of age in the context of clinician-patient 
discussion regarding the possible benefits of preventive therapy in the 
context of CVD risk factors, comorbidities and life expectancy [61]. The 
PCE to estimate lifetime and 10-year ASCVD risk was not validated in 
those ≥80 years [62], and studies have suggested that the performance 
of the PCE is suboptimal in those ≥80 years and may overestimate risk 
[63]. Additionally, CAC and carotid plaque burden may better 
discriminate between lower and higher coronary heart disease risk in 
older adults [64,65]. Women have lower CAC scores than men across the 
age deciles from post-menopause to age 80, but women have 

disproportionately higher CVD mortality risk then men when CAC 
>0 [66]. Knowledge gaps remain regarding the optimal risk stratifica
tion for guiding lipid-lowering therapy in older women and ethnic mi
nority women. 

There are many factors that should be considered when discussing a 
cholesterol lowering agent in older women, such as patient preference, 
cost, polypharmacy, comorbidities, adverse effects, frailty and life ex
pectancy. The higher likelihood of drug-drug interactions and age- 
related pharmacodynamic and pharmacokinetic changes may predis
pose elderly women to higher medication side effects [67]. For older 
women who are tolerating lipid-lowering therapy for primary or sec
ondary prevention, the authors of this manuscript do not recommend 
de-prescribing pharmacologic lipid-lowering therapy based on age. In 
patients with known CVD or at high CVD risk without established CVD, 
cholesterol lowering with statins consistently demonstrates benefit in 
CVD risk reduction even in the very old [68], however, few randomized 
lipid-lowering primary prevention trials have focused on older in
dividuals [69,70]. The Prospective Study of Pravastatin in the Elderly at 
Risk (PROSPER) compared pravastatin 40 mg versus placebo and found 
a 15% reduction in incidence of composite coronary death, myocardial 
infarction and stroke in older individuals after a mean of 3 years (range 
70–82 years, 52% women),although the treatment benefit was not sta
tistically significant in women [69]. Older participants > 70 years in the 
JUPITER and HOPE-3 trials demonstrated high CVD event rates as well 
as large absolute rate reductions associated with statin treatment and no 
sex differences reported, supporting the use of statins in primary pre
vention among older women and men [70]. Currently two ongoing 
clinical trials, PREVENTABLE (NCT04262206) and STAREE 
(NCT02099123), are evaluating the effects of statins for primary pre
vention in older patients >75 and >70 years, respectively. Sex-specific 
analyses are needed. 

3. Other considerations 

3.1. Approaches to prevention and response to treatment 

Meta-analyses have shown that similar risk women and men benefit 
equally from statin therapy in both primary and secondary prevention, 
without interaction by sex [71]. Women also benefit similarly from 
ezetimibe [72] and PCSK9 inhibitor therapy [73]. Nevertheless, women 
are less likely than men to be prescribed any statin therapy or to receive 
a statin at the guideline-recommended intensity [74].  One major barrier 
is lack of appreciation of CVD risk by clinicians. In the CASCADE reg
istry, women with FH were less likely to achieve LDL-C goals and to 
receive statin therapy, and in particular, high intensity statin therapy. 
Black and Asian women were least likely to achieve LDL goals [75]. 
When compared to men, women with established CVD are less likely to 
receive a statin or ezetimibe [76]. PCSK9 inhibitor prescription re
jections are higher in women, racial minorities and lower income 
groups. Patients with rejected PCSK9 inhibitor prescriptions had 
significantly increased cardiovascular event rates when compared with 
those in the paid cohort [77]. 

Additionally, women are more likely to discontinue statin therapy 
due to perceived side effects compared to men [78]. Approximately 10% 
of patients discontinue statins secondary to subjective complaints [78], 
many of which are amplified by disinformation in the lay press. Muscle 
complaints, including statin-associated muscle symptoms (SAMS), occur 
in 31% of women compared with 26% of men with more women 
switching or stopping a statin due to side-effects [79]. Data from a 
meta-analysis comparing low dose (10 mg) vs. high dose (80 mg) ator
vastatin found no difference in incidence of myopathy or rhabdomyol
ysis [80]. Risk factors for myopathy include older age, female gender, 
hypothyroidism, pre-existing muscle disease, chronic kidney disease and 
use of concomitant drug therapy with statin interactions [81]. SAMS 
have not been proven to be linked to a direct physiologic statin effect 
and management of symptoms requires a patient-centered approach. 
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More women report dissatisfaction with how their provider explains 
personalized cholesterol management, which may contribute to statin 
non-adherence [81]. 

Lastly, despite the well-known benefits of cardiac rehabilitation 
programs, services are underutilized, especially among women [82]. 
Studies have shown that women of various ages who participate in 
cardiac rehabilitation programs have significant improvement in quality 
of life measures, exercise tolerance, and HDL (+5%) [83]. The lack of 
female participation is a lost opportunity to improve lipid profiles and 
long-term CV outcomes in women and should remain a focus for clini
cians in the setting of secondary prevention. 

3.2. Socioeconomic disparities 

Disparities in treatment by gender are compounded further by so
cioeconomic disparities. It has been well documented that factors like 
reduced access to care, low income, and lack of social support impact 
cardiovascular care and outcomes- including lipid management [84]. 
While many socioeconomic barriers remain to be overcome, several 
changes have been proposed to combat disparities. These interventions 
include changes at the level of health policy and health care systems, but 
also at the level of individual clinicians and researchers who can advo
cate for and institute changes in their practices to overcome some of 
these barriers. 

3.3. Representation in clinical trials 

Finally, underrepresentation in research and clinical trials for 
cholesterol lowering agents remains a large barrier to effective lipid 
management in women [85]. A review of randomized clinical trials of 
CVD prevention showed that while the enrollment of women increased 
significantly over time, women’s overall representation remained low 
relative to their disease burden [86]. In this particular review, repre
sentation of women was lowest for trials focusing on hyperlipidemia 
(28%) while women accounted for 49% of all individuals with hyper
lipidemia. As another example, IMPROVE-IT enrolled patients after 
acute coronary syndrome and randomized them to statin versus statin 
plus ezetimibe. The study demonstrated a lower rate of the primary 
composite cardiovascular outcome (composite of cardiovascular death, 
nonfatal myocardial infarction, unstable angina requiring hospitaliza
tion, coronary revascularization ≥30 days after randomization, or 
nonfatal stroke), but only 24% of participants were women [87]. Sex 
specific outcomes from IMPROVE-IT suggest that women might benefit 
even more from ezetimibe when considering the total number of pri
mary events (p = 0.08), but the study may have been underpowered 
[72]. Bempedoic acid, a newer LDL-C lowering agent, has been evalu
ated in two randomized controlled trials for patients with established 
ASCVD or HeFH on maximally tolerated statin therapy: both trials un
derrepresented women (73% men in CLEAR Harmony and 63.7% men in 
CLEAR Wisdom) [88,89]. However, in the on-going CLEAR OUTCOMES 
cardiovascular outcome trial evaluating bempedoic acid among 
statin-intolerant patients, women represent approximately half of the 
study population [90]. In landmark trials supporting the use of 
commercially available PCSK9 inhibitors for LDL-C lowering, repre
sentation of women was again low. In the FOURIER and ODYSSEY 
OUTCOMES studies, the benefits of evolocumab and alirocumab were 
examined, respectively; women represented only approximately 25% of 
patients in both trials [91,92]. 

4. Conclusion 

Clinicians should be aware of variations in the lipid profile during a 
women’s life cycle in relationship to hormonal factors and sex-specific 
CVD risk factor enhancers should be recognized when treating dyslipi
demia in women. Updates to cholesterol management guidelines should 
include acknowledgement and management strategies that take these 

risk factors into consideration. Clinicians should be aware of the biases 
that exist when treating dyslipidemia in women and take special care to 
ensure that appropriate and aggressive therapies are made available to 
their female patients. Finally, despite some progress as noted, future 
objectives should focus on increasing women’s presence in cardiovas
cular clinical trials including those studying new lipid lowering 
therapeutics. 
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