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Abstract

Purpose of Review Cardiovascular disease (CVD) continues
to be the leading cause of death for men and women in the
USA. Statins have contributed significantly to noted declines
in cardiovascular-related mortality in the last decade; howev-
er, the benefit of statins is inequitable across genders. Women
continue to be less likely to take statins and to meet target LDL
goals than men. As a possible contributing factor to this dis-
parity, we explore the evidence for gender-based differences
in provision of, and adherence to statins.

Recent Findings Compared with men, women are less likely
to adhere to statins. Potential reasons for this gender difference
in use of statins can be observed across all phases of adherence
including both intentional and unintentional non-adherence.
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Notable gender-specific contributing factors for statin non-
adherence include decreased provider and patient awareness
of CVD risk among women, higher risk of statin intolerance
among women, and competing demands associated with fam-
ily caregiving responsibilities. Similar to limitations in the
broader CVD literature, there is inadequate inclusion of
gender-specific analyses in statin-related trials.

Summary Gender-based disparities in statin adherence can be
linked to both provider level, psychosocial, and medication
intolerance factors. Interventions designed to improve statin
adherence should take gender-specific challenges into consid-
eration such as women being older at the time of increased
CVD risk, higher rates of statin intolerance, and potentially
greater caregiving responsibilities.

Keywords Medication adherence - Medication persistence -
Gender - Statin medications

Introduction

Cardiovascular disease (CVD) causes one in every three
deaths in the USA [1]. Recent clinical advances in the care
of acute coronary syndrome, as well as primary and secondary
CVD prevention, have led to declines in the death rate due to
ischemic heart disease (IHD); however, men and women have
not benefited equally. Rather, the decline in CVD has been
seen primarily among older adults, while younger adults, par-
ticularly women, face a rise in CVD mortality [2, 3]. Reasons
for this gender disparity are likely multifactorial.
Gender-based differences in heart disease have also be-
come a focus of clinical and research entities. Recent scientific
statements by the American Heart Association (AHA) outline
the growing evidence for sex-based differences in cardiovas-
cular physiology including variances in risk, pathology, and
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clinical presentations of acute and chronic CVD [4ee, See].
Notable differences include that women generally experience
onset of CVD 10 years later than men [6], though the risk for
ischemic heart disease rises in parallel after age 55 years for
women and 45 years for men [4¢¢]. Women experience increased
attributable risk from some traditional CVD risk factors such as
diabetes [7] and smoking [8]. They face multiple gender-specific
risk factors such as gestational diabetes, polycystic ovarian syn-
drome, and hormone-based therapies (e.g., oral contraceptives
and hormone therapy for menopause related symptoms) [4ee,
9]. Compared with men, women are more likely to have atypical
symptoms of acute myocardial infarction (AMI), such as unusual
fatigue or epigastric pain [5e]. Women are also more likely to
present with atypical chest pain, which may be explained by
higher rates of non-obstructive coronary disease or coronary mi-
crovascular dysfunction [4ee, 52, 6]. Women are also less likely
to receive guideline-concordant care in the acute setting [10] and
experience higher in-hospital mortality [11, 12]. After acute myo-
cardial infarction, women are more likely to have complications
such as bleeding and arrhythmias [Se¢] and less likely to be
referred to cardiac rehabilitation [13].

The use of statins, or HMG-CoA reductase inhibitors, is
another area of CVD prevention where gender-based differ-
ences are noteworthy. Current treatment guidelines for lipid
management recommend use of statins for primary prevention
of CVD in high-risk patients regardless of gender [14, 15]. In
many situations, however, women are less likely to be pre-
scribed statins than men [4¢e, 10, 16], including after a myo-
cardial infarction [10, 17]. Gender differences in statin pre-
scription occurs despite the fact that high triglycerides and
low high-density lipoprotein incur a greater risk among wom-
en than men [18, 19]. Previous concerns about the clinical
effectiveness of statins in women have been addressed by
recent studies showing that, compared with men, women re-
ceive similar benefits for primary [20, 21¢] and secondary
prevention [21e, 22]. In clinical trials, women experience the
same low-density lipoprotein (LDL) reductions on statins [22]
and possibly greater atherosclerotic regression on statins per
unit LDL reduction [23]. However, in practice, women taking
statins are less likely to achieve desired LDL goals [24, 25]
pointing to a difference between women’s adherence and sub-
sequent clinical impact of statins in a controlled research set-
ting vs. in the real world. There is limited data on gender
differences since hyperlipidemia management guidelines
shifted to focus on the prescription of a specific intensity of
statin rather than LDL levels. However, prior to the guideline
change, women were less likely to receive a moderate- or
high-intensity statin compared with men [24, 26, 27].

In sum, the reasons for gender differences in lipid manage-
ment and outcomes have not been fully explained. As biolog-
ical response to statins does not appear to play a significant
role in gender differences, the more significant factors are
likely related to access and adherence. Once a lipid-lowering
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medication has been prescribed, there are numerous gender-
specific factors that can influence adherence, such as comor-
bid health conditions and psychosocial experiences. Gender-
based differences in adherence to lipid-lowering medications
have not been fully investigated. Thus, we aim to explore
potential areas of gender differences in statin adherence.

Adherence to Statins

As noted by the former US Surgeon General Dr. C. Everett
Koop, “drugs don’t work in patients who don’t take them”
[28]. Current estimates suggest that consistent adherence to
statins across genders is in the range of 36.4 to 44 % [29,
30]. Attempts at clarifying the reasons for low adherence to
this effective medication have been unable to account for the
majority of non-adherence. Thus, understanding reasons for
non-adherence has led to the need to consider factors that
might be more difficult to measure, such as patient-doctor
interactions and patient engagement in the decision-making
process [29]. Statin adherence appears to be worse among
women compared with men [16, 2932, 33, 34, 35]. A re-
cent systematic review that pooled gender-specific adherence
data found an odds of non-adherence for women at 1.10 (95 %
CL 1.07, 1.13) [33e°].

Rates of statin non-adherence for women are higher when
measured by self-report compared with claim-based data
sources [33¢¢]; a difference that suggests a discrepancy be-
tween what is prescribed and what is actually taken. This
discrepancy is surprising because self-report measures usually
overestimate adherence-related behaviors [36]. The impor-
tance of adherence to statins is growing as guidelines around
CVD prevention and the treatment of hyperlipidemia shift
away from targeting a specific LDL goal and, instead, focus
on providing patients with the appropriate dose of medication
[14]. The removal of specific LDL goals means that providers
no longer can rely on failure to meet treatment goals to trigger
statin adherence counseling. Guidelines suggest intermittent
LDL assessment as part of treatment to evaluate for adher-
ence; however, intermittent LDL assessment is likely insuffi-
cient given the complexity of behaviors involved in proper
medication adherence.

To explore potential gender differences in statin adherence,
we must define key concepts of medication adherence.
Multiple terms have been used to refer to the appropriate and
inappropriate taking of medications. These terms include com-
pliance, concordance, and persistence, among others [37].
Here, we use the term medication adherence, which is the pro-
cess by which patients take their medications as prescribed
[37]. Importantly, because adherence to a medication requires
a complex series of behaviors, adherence should not be viewed
as a dichotomous variable (i.e. “adherent” or “non-adherent”);
instead, adherence should be considered along a continuum of
time and behaviors. Vrijens et al. [37] refers to three key phases
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of medication adherence: initiation, implementation, and dis-
continuation (see Fig. 1). Initiation refers to the point at which
the patient not only receives and fills a prescription but actually
takes the first dose of a medication. The next phase of adher-
ence is implementation. Implementation occurs throughout the
time when the patient takes their medication. It compares the
pattern and amount of medication that a patient actually takes
with what is prescribed. Finally, discontinuation occurs when
the patient takes the last dose of a medication. Discontinuation
may occur under the guidance of a patient’s provider or a pa-
tient may independently discontinue a medication. Another
important concept is whether non-adherence is intentional (an
active decision not to take a medication as prescribed) or unin-
tentional (never receiving a prescription or passively not taking
a medication as prescribed, perhaps due to forgetfulness) [38,
39].

Initiation

Before a patient can be adherent, they must actually receive a
prescription. Gender differences in prescription of statins dif-
fer by indication. There are conflicting findings about gender
differences in the primary prevention of CVD with some stud-
ies reporting that women receive fewer statin prescriptions
than men [40—42] and others report more such prescriptions
for women [24, 43—45]. Intensification of lipid-lowering reg-
imens appears similar between genders [46], though evidence
suggests that older women with diagnosed CVD are treated
less aggressively [27]. It is clear, however, that in case of
secondary prevention, women are less likely than men to be
prescribed statin medications, in particular in the setting of
acute myocardial infarction [12, 17, 26, 40, 44, 47-50].

Lack of awareness of women’s CVD risk among clinicians
likely contributes to gender differences in statin prescriptions.
In one study, physicians were presented with clinical scenarios
of acute chest pain where the clinical history varied only by
gender. Physicians were more likely to attribute the patient’s

chest pain to a cardiac etiology and prescribe appropriate treat-
ment to male vs. female patients [51], despite approximately
50 % of participating physicians being female themselves.
Similarly, in the PROMISE trial, providers were more likely
to determine female patients to be at low-risk compared with
male patients despite women having higher prevalence of tra-
ditional CVD risk factors [52]. Moreover, women are more
likely to present with non-obstructive CAD, a condition that
many providers may not recognize as warranting a statin pre-
scription [6]. Providers may be further biased by early trial
results which suggested a lower efficacy of statins among
women, a likely side effect of lower rates of trial participation
by women [22]. Finally, provider bias is also compounded by
current risk stratification tools which often underestimate risk
in women [24, 52, 53].

Provider perceptions of gender-specific clinical benefits of
statins likely play out in the context of patient-provider com-
munication. One survey of current and former statin users of
both genders found that former users reported being less sat-
isfied with discussions about statins with their providers [54].
It is unlikely that lack of opportunity for risk counseling con-
tributes significantly to primary non-adherence, given that
women are more likely than men to access and use preventive
primary care resources than men [55]. However, women have
been found to be less likely to get recommended LDL testing
when compared with men [16] and only 48 % of US women
report discussing heart disease with their provider [56].
Women may also be less likely to have appropriate conversa-
tions about stopping cholesterol medications. After the FDA
issued a warning about the lack of effectiveness of Ezetimibe
(Zetia), women were less likely than men to have this medi-
cation discontinued [57]. Finally, those patients with gender
concordant providers may have better statin adherence; a find-
ing that could point to an area of patient-provider communi-
cation that warrants further exploration [29].

Even those providers who appropriately assess and discuss
CVD risk for female patients, concerns about potential

Fig. 1 Barriers to statin Healthcare System e Cost of prescriptions » Cost of prescriptions
adherence for women ¢ Lack of gender specific trial
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¢ Inaccurate CVD risk * Polypharmacy
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¢ Teratogenicity concerns

Women ¢ Low CVD risk awareness
¢ Low perceived personal risk
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Competing demands
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teratogenicity may present another barrier to prescription.
Statins are considered teratogenic and recommended to be
discontinued prior to conception [58, 59]. Studies of women
on category X medications (those that are contraindicated dur-
ing pregnancy) show that they have significant levels of non-
adherence to contraception and are no more likely to adhere to
contraception than women not on known teratogenic agents
[60]. A better understanding of the risks of statins and effec-
tive contraception use in reproductive age women at risk for
CVD would assist patient-provider decision making.

Medication beliefs are known to be a common cause of
non-adherence [61] and, similar to providers, women demon-
strate a lack of awareness and concern of their own risk of
CVD [62]. Only 54 % of women are aware that CVD is the
leading cause of death in the USA [56], and many women still
see CVD as a “man’s disease” [63]. Even among those who
are aware of the risk of CVD for women generally, many
women still do not have an accurate perception of their indi-
vidual risk [64]. CVD-specific beliefs among women may
translate to a lack of appreciation for the importance of statins
in primary and secondary prevention.

Medication cost may also be a driver of primary non-ad-
herence. Lemstra et al. conducted a systematic review of fac-
tors predicting statin non-adherence and noted that medication
copayment and lower income status were two of the six var-
iables significantly associated with non-adherence [65], find-
ings that have been seen elsewhere [35, 66]. Increasing in-
come has been shown to decrease the risk of poor adherence,
a finding that is most evident in men aged 40—-65 and women
65 years and older [45]. The out-of-pocket cost for prescrip-
tions is generally higher for women though this is not neces-
sarily the case for chronic medications such as statins [16].
Regardless, statin non-adherence due to costs is reported more
often among women than men (32.7 vs 24.2 %, p = 0.02) [46],
consistent with findings seen in oncology where women on
oral anti-cancer medications are more likely to experience
cost-related non-adherence [67]. While cost was likely a more
significant factor prior to increases in the availability of off-
patent statins in most retail prescription formularies, it may
still be a notable influence for many patients.

Implementation

Overall, statin intolerance is the most commonly reported
cause of statin non-adherence [68]; it is also a primary cause
of non-adherence during implementation. While there is no
universal definition of statin intolerance, it has been described
as the discontinuation of a statin medication due to “the oc-
currence of adverse symptoms perceived by the patient to be
unacceptable, and/or laboratory abnormalities suggesting un-
due risk” [69]. While there is a range of adverse symptoms
that have been reported by patients on statins, the most com-
mon are statin-associated muscle symptoms (SAMS)
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followed by abnormal liver enzymes [68, 70]. Statin associat-
ed muscle symptoms represents a wide range of clinical man-
ifestations from mild muscle cramps to rhabdomyolysis.
Incidence of SAMS varies by source with estimates of 5 %
in clinical trials [71] and up to 29 % in observational studies
[68].

Women are more likely to experience adverse drug reac-
tions generally and for cardiovascular medication in particular
with an odds ratio of 1.92 (95 % CI, 1.15-3.19) [72].
Moreover, female gender is a known risk factor for statin
intolerance as are multiple conditions which are more com-
mon among women or more likely among women on statins
(see Fig. 2) [68, 69, 73]. Women are more likely to report non-
adherence due to side effects compared with men with an
adjusted odd ratio of 1.35 (95 % CI, 1.04-1.74) [46].
Elderly women, an age group most likely to meet criteria for
statin treatment, are particularly vulnerable to muscle-related
side effects due to statins [71]. As noted, complaints of
muscle-related side effects are lower in randomized controlled
trials than in registries and other patient reported data sources
[68], which complicate assessment of gender differences in
side effects given the lower numbers of women in CVD trials.

Misinformation may contribute to the perceived risk of
statin side effects given increases in media coverage of this
issue [68]. Perceived risk of statin side effects are likely am-
plified by easy access to both accurate and inaccurate infor-
mation on-line, potentially explaining the finding that former
statin users are more likely than current users to report using
the internet to research statins [54]. A recent study from the
United Kingdom found a higher rate of statin discontinuation
after a period of intense media coverage of statin side effects
[74]. Recent efforts by national CVD organizations to dissem-
inate high quality information about women’s cardiovascular
risk [75—77] may improve both CVD risk perceptions and an
understanding of the role of statin medications.

For women who are not adherent due to bothersome symp-
toms, intolerance may be further compounded by inappropri-
ate dosing increases. Conflicting information exists around
whether or not women are more likely to have statin regimens

Statin Intolerance
(e.g. abnormal liver enzymes, statin associated muscle

symptoms)
/ .
V4 \
/ Advanced Age
Female Gender Small Bod}/ Erame
Hypothyroidism

Multisystem disease
Anti-depressant use
Polypharmacy

Increased pain sensitivity
Metabolic predisposition?

Fig. 2 Gender-specific factors associated with statin intolerance
[68, 69, 71, 73]
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intensified [24, 27, 43, 78]; however, patients with lower ad-
herence to statins were more likely to receive dose intensifi-
cation [43]. Regimen intensification has been found to be
associated with worse adherence particularly among women
[46]. If women are less likely to take statin medications due to
medication side effects, but their poor adherence is perceived
as treatment failure, regimen escalation to achieve treatment
goals could further worsen intolerance and future treatment
non-adherence.

Because women develop CVD later in life than men, wom-
en may have increased rates of polypharmacy and drug-drug
interactions, both known risk factors for statin intolerance
[68]. In practice-based observational studies, women on
statins have been noted to have higher CVD risk with more
comorbidities [24]; therefore, they are presumably more likely
to be on multiple medications which could further increase
risk of statin intolerance and side effects.

Comorbidity may also influence statin adherence. Women
receiving active treatment for breast cancer are less likely to be
at their LDL goal and less likely to be adherent to statin med-
ications [79]. This finding is particularly concerning given that
women with a history of breast cancer may be at increased risk
of CVD, particularly those treated with earlier radiation regi-
mens [80-82]. In general, women are more likely to take
multiple medications than men [ 16] further increasing the cost
burden for women [83]. One study of Australian women
found that those taking additional chronic medications in ad-
dition to statins report challenges to covering the costs of
multiple pills [83].

Complex comorbidity and medication interaction may
also arise from mental health diagnoses. Depression and
anxiety are associated with risk of non-adherence among
patients with IHD in general [84], and women have
higher rates of depression compared with men [85].
The impact of comorbid mental health on adherence
has been noted in diabetes for both genders [61] and
among women with respect to contraception [86].
Additionally, depression increases risk of IHD among
women [87], and the risk of death particularly in younger
women [88]. The impact of mental health on statin ad-
herence may be an area of future exploration.

Increasing age itself is another predictor of poor statin ad-
herence. Mann et al. report that there is a U-shaped effect on
adherence with respect to age such that the youngest and
oldest patients have worse adherence for both men and wom-
en [35]. Among elderly Medicare beneficiaries with or at risk
for CVD, women were 21 % less likely to use statins than men
[41] and less than a third of this difference was attributable to
individual-level characteristics. A study by Carey et al. in the
UK, found that men had higher initiation and continuation of
statins after a myocardial infarction, but that most of this dif-
ference was explained by the younger age of the included
male population [47].

Finally, statin implementation among women may be ad-
versely impacted by competing demands as caregivers. For
adherence generally, practical social support is associated with
better adherence, and patients from a cohesive family situation
experience 1.74 times greater adherence [89]. However, wom-
en often consider their own health as less of a priority than the
health of their family [63]. Women with known heart disease
report less support for self-care and disease management than
men [90]. Even having assistance may not be as helpful for
women compared with men. Receipt of informal caregiving is
only associated with reaching LDL goals in men not women
[25]. Between 22 and 31 % of women caregivers report that
caregiving has a negative impact on their own health and 51 %
of women note that family responsibilities and caregiving is a
top barrier to CVD prevention [56].

Discontinuation

Many of the reasons that patients do not adhere to statin reg-
imens are seen with discontinuation or the permanent stopping
of a statin medication. According to a survey of current and
former statin users, the primary reasons for statin discontinu-
ation were side effects (62 %), cost (17 %), and lack of effi-
cacy (12 %) [54]. Comorbid medical problems likely also
contribute to discontinuation of statins as suggested by wom-
en undergoing treatment for breast cancer are more likely to
discontinue statin medications [79].

Remaining Questions About Statin Adherence

Multiple areas of uncertainty remain about gender-based
differences in statin adherence. For example, do gender-
based differences in adherence vary by racial and ethnic
subgroups? Differences in risk of CVD between racial
groups has been recognized with African-Americans be-
ing at the highest risk [1, 4e]. African-American vet-
erans have worse control of lipids than white veterans
though these differences are only significant among male
patients [91]. Turner et al. found that black women re-
ceived higher-intensity treatment with statins than black
men, white women, and white men but were still less
likely to have their LDL at goal [78]. Compared with
white patients, non-white individuals have been found
to have higher rates of non-adherence [33e°].
Differences between racial/ethnic groups have also been
seen in statin adherence post-MI [92] and after intensifi-
cation of regimens [93]. A better understanding of the
interaction between racial and gender differences in stat-
in adherence is needed [4ee, 92], as adequate consider-
ation of the diversity of the patient population is neces-
sary for the equitable delivery of care [15].
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Limitations of Current Literature

While the existing literature provides information about
multiple areas where there may be gender-based differ-
ences in statin adherence, there are limitations. First, as
often seen in the wider literature on adherence, the meth-
od of adherence assessment is not always well defined or
is limited to having an assessment of active prescription.
This approach to adherence measurement likely omits
non-adherence that is unrelated to refill patterns (e.g.,
missing dosages, taking at the wrong time of day).
Second, many articles report on LDL goal attainment
rather than adherence to the statin medication. This is an
understandable reflection of the focus of previous lipid
treatment guidelines. However, with a newer focus on
matching the statin dose intensity to the correct risk pa-
tient, statin adherence literature may be more effective by
targeting how providers can ensure that patients are taking
the correct statin dosing. It will be important to monitor
the impact of this guideline transition on gender differ-
ences in statin use and management of hyperlipidemia.
Common to statin trials and the larger cardiovascular lit-
erature in general, there have been fewer women included
as participants (approximately 20 %) [16, 20, 22]. This
lack of inclusion of women in clinical trials likely ex-
plains the weaker evidence supporting use of statins in
primary prevention among women [94¢] and translates to
a limited ability to fully inform how trial findings trans-
late into sex and gender-specific tolerance of statins and
guideline recommendations more generally. Even when
adequate numbers of women have been included in
statin-related studies, gender-specific analyses are rarely
included or published. Instead, investigators often statisti-
cally control for gender or sex effects in analyses if con-
sidered explicitly at all. The pursuit of “big data” has
been put forth as a potential opportunity to resolve some
lingering questions around areas of gender-based differ-
ences and disparities [95].

Conclusions

There is evidence of gender-based differences in statin adher-
ence across initiation, implementation, and discontinuation.
With initiation or primary adherence, providers and patients
are less aware of the risks of CVD and thus put a lower em-
phasis on the role of statins for women. For both adherence
implementation and discontinuation, greater side effects, co-
morbid physical and mental illness, and competing social de-
mands for women compared with men likely impact statin
adherence. Including women in greater numbers in statin trials
and the conduction of gender-specific analyses would support
additional clarification of gender-based differences.
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