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Abstract
Cardiovascular disease (CVD) is the number-one killer of women. Women with primary ovarian
insufficiency (POI) may be more burdened by cardiovascular disease, such as myocardial
infarction and stroke, as compared with women with normal menopause. The increased burden
may be mediated by a worsening of cardiovascular risk factors, such as lipids, corresponding with
the loss of ovarian function. In contrast, the increased burden may be caused by factors that
precede and potentially contribute to both CVD events and ovarian decline, such as X-
chromosome abnormalities and smoking. Regardless of the cause, women with POI may serve as
an important population to target for CVD screening and prevention strategies. These strategies
should include the use of CVD risk stratification tools to identify women that may benefit from
lifestyle modification and pharmacological therapy to prevent CVD. Sex steroid therapy for the
sole purpose of CVD prevention in women with POI cannot be recommended, based on a lack of
evidence.
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PRIMARY OVARIAN INSUFFICIENCY AND CARDIOVASCULAR DISEASE
Overview

Heart disease is the number-one killer of women, and stroke is the third leading cause of
death.1 Epidemio-logical studies suggest that women with loss of ovarian function at early
ages may be especially burdened by cardiovascular disease (CVD). However, many of the
studies showing a strong relationship between early age at menopause and CVD have a
preponderance of surgically menopausal women.2,3 Less strong is the association between
early age at menopause and CVD in women with natural menopause.4

All women who live long enough will experience menopause. In epidemiological studies,
the distribution of age at menopause is skewed with a long left tail.5 Some authors have
suggested that the distribution of age at menopause is more likely bimodal, with women
with ovarian insufficiency <40 years of age, that is primary ovarian insufficiency (POI),
forming a distinct population.6 Currently, underlying genetics, rather than environmental
exposures, is thought to be the major contributor to age at menopause in the general
population.7 However, more research is needed, especially in women with menopause at the
youngest ages.
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Women with spontaneous POI have a different distribution of causes of their ovarian failure,
as compared with women with normal menopause. In these women, X-chromosome
abnormalities and autoimmunity are more prevalent than in women with later menopause.
However, the etiology of >90% of cases of spontaneous 46,XX POI is unknown.8 It is likely
that in women with POI, especially those with spontaneous POI in their late 30s,
determining the genetic and environmental contributors to the timing of normal menopause
will have relevance.

Full absence of the X chromosome (45,X) and X-chromosome mosaicism are estimated to
occur in ~50 per 100,000 live-born girls.9 Many of these girls experience primary
amenorrhea rather than secondary amenorrhea. Women with X chromosome–related POI
(i.e., Turner’s syndrome) are a distinct group6 with unique medical needs.10

Data on spontaneous 46,XX POI and its relationship with CVD are sparse. Studies of
women with spontaneous POI and CVD frequently include women with X chromosome–
related ovarian failure or insufficiency. Thus X chromosome–related ovarian failure is
discussed in this article. Because more data exist regarding early natural menopause
(menopause at ages near or < 45 years) and CVD than for POI (menopause <40 years of
age), much of this article discusses early natural menopause.

AGE AT MENOPAUSE AND CARDIOVASCULAR DISEASE MORTALITY
Cardiovascular Disease Mortality in General Populations

Researchers have investigated the association between early age at menopause and longevity
in multiple large-scale epidemiological studies. These studies have primarily been in
European and white cohorts. In the late 1980s, Snowden et al reported a modest increase in
all-cause mortality in Seventh-Day Adventist women with natural menopause at ages <40
years, as compared with women with natural menopause at ages 50 to 54 (age-adjusted odds
ratio: 1.95; 95% confidence interval [CI]: 1.24 to 3.07).11 In a separate publication using the
Seventh-Day Adventist data, researchers estimated that each 1-year decrease in age at
natural menopause before age 47 was associated with a 0.53-year increase in
postmenopausal life (p =0.04) and a 0.47-year earlier age at death (p =0 0.04).12

In the 1990s, additional research groups compared mortality rates in women with early
menopause (~40 years) versus women with more average ages at menopause (~50 years)
and found increased mortality rates in the early menopause group.. However, only rarely did
this increase meet statistical significance. For example, in the National health and Nutrition
Examination Survey, researchers found an increased mortality rate ratio that was statistically
insignificant for their group of women with menopause at age <40 years (mortality rate ratio
[MRR]: 1.50; 95% CI, 0.97 to 2.34).13 In a sample of college-educated Minnesota women,
researchers found only slightly higher mortality in women with menopause at age ≤ 45
(adjusted rate ratio [RR]: 1.39; 95% CI, 0.63 to 3.04).14 In a Norwegian cohort, researchers
found increased mortality in women with menopause at an age <40 years that also did not
meet statistical significance (MRR: 1.06; 95% CI, 0.99 to 1.44). However, they found a
small but statistically significant relationship between age at menopause and all-cause
mortality in the overall cohort, with a 1.6% decrease in mortality for every 3-year increase in
age at menopause.15

Several studies from the late 1990s in European cohorts focused on age at menopause and
ischemic heart disease mortality16,17 rather than general mortality. In a Norwegian cohort,
Jacobsen et al reported a weak inverse relationship between age at menopause and
cardiovascular disease mortality.16 In a cohort from the Netherlands, Van der Schouw et al
reported a quantifiable 2% decrease in cardiovascular mortality risk for each year that
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menopause was delayed.17 In an American Seventh-Day Adventist cohort, Jacobsen et al
also found increased mortality due to ischemic heart disease in Seventh-Day Adventist
women with natural menopause at ages <40.18

MORTALITY IN WOMEN WITH X-CHROMOSOME ABNORMALITIES
Women with Turner syndrome (TS) appear to have worse mortality than women from the
general population. British women with TS have a threefold worse mortality as compared
with other women, and mortality was higher for almost all major causes of death.19 The
greatest differences in mortality between women with TS and other women were for
vascular diseases that appeared congenital in origin (cardiovascular congenital anomalies,
aortic aneurysm, and aortic valve disease); in fact, reported standardized mortality ratios
(SMR)s were >10 for all of these causes of death. However, death from diabetes and
hypertension was also increased (SMR: 11.3, 95% CI, 5.8 to 19.7; SMR: 6.0, 95% CI, 1.2 to
17.5). These data exemplify the difficulty in classifying vascular disease as congenital or
atherosclerotic in women with TS. Experts have concluded that women with TS are likely
burdened by atherosclerotic disease in additional to congenital vascular disease.10,20

However, the underlying congenital disease and the absence of a second normal X
chromosome may make these women very different from those POI women who have two
normal X chromosomes.

AGE AT MENOPAUSE AND RISK OF CARDIOVASCULAR DISEASE
EVENTS
Heart Disease

In studies from the 1970s and 1980s, menopause and heart disease appeared to be tightly
linked. In a case series of 145 young women with ischemic heart disease, 20% of the women
had an early menopause (age <40 years), although only 11 of 18 of this early menopause
subgroup could be classified as POI, with the rest a result of surgical menopause or
chemotherapy.21 In early studies of general populations, a link between bilateral
oophorectomy and coronary heart disease (CHD) was often reported, but a link between
natural menopause and heart disease was not consistently found.22–24

In studies from the 1990s, associations between early age at menopause and CVD were seen
more consistently, likely because of the larger sample size of these studies. In a cross-
sectional survey of 14,620 women for the Study of Women Across the Nation (SWAN),
women who self-reported a history of heart disease gave an age at natural menopause that
occurred 1.4 years earlier on average than women who did not report a history of heart
disease.25 In analyses of the Nurses Health Study, Hu et al found a significant association
between POI (age at menopause <40 versus reference age 50 to 54) and myocardial
infarction (age-adjusted RR: 1.95; 95% CI, 1.21 to 3.13).26 The association was attenuated
with additional adjustment for smoking (RR: 1.66; 95% CI, 1.03 to 2.68). The statistically
significant association disappeared when only nonsmokers were included in the analyses
(age-adjusted RR: 1.07; 95% CI, 0.26 to 4.34). The researchers concluded that confounding
by smoking might therefore explain the relationship between early menopause and CHD in
their study as well as in others.

More recently, Løkkegaard et al examined the relationship between early menopause and
incident CHD in a Danish cohort. In age-corrected hazard models that were also adjusted for
smoking and multiple other potential confounders, women with natural menopause at an age
<40 had a twofold increased risk of CHD (hazard ratio [HR]: 2.2; 95% CI, 1.0 to 4.9).
However, although they did adjust for smoking in multivariable analyses, they did not report
analyses stratified by smoking status,27 as Hu et al did.
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Stroke
Most studies do not find a link between age at menopause and stroke. In the Nurses Health
Study, Hu et al did not find a relationship between age at natural menopause and ischemic
stroke (RR: 1.01; 95% CI, 0.97 to 1.04) or hemorrhagic stroke (RR: 1.03; 95% CI, 0.97 to
1.10).26 In a Norwegian cohort, Jacobsen et al also noted that age at menopause and stroke
appeared unrelated.28 In a Japanese study, Baba et al29 found an association between
menopause at age <40 and stroke (HR: 2.18; 95% CI, 1.20 to 5.49), but this finding was
driven by their sample, with an early age at surgical menopause, and not by the sample with
an early age at natural menopause (HR: 2.18; CI, 0.44 to 10.83 versus HR: 0.94; 95% CI,
0.12 to 7.07, respectively). In a 2009 study of the Framingham cohort, Lisabeth et al found
that women with natural menopause before age 42 had twice the stroke risk compared with
women without early menopause, after adjustment for multiple confounders including
smoking (HR: 2.03; 95% CI, 1.16 to 3.56).30 This finding persisted when the sample was
restricted to women who never smoked. Their finding that the effect was independent of
smoking is compelling, but validation in other cohorts is needed.

Hypertension
BLOOD PRESSURE DURING THE MENOPAUSE TRANSITION—Few studies have
followed young premenopausal women (i.e., women at risk of spontaneous POI) through the
menopause transition. In the Framingham cohort, Kok et al31 studied 695 premenopausal
women who were ages 34 to 55 at study entry and subsequently underwent a natural
menopause at ages 38 to 58. This study thus included some women with late POI (ages 38 to
39 at menopause) but no women with earlier POI.

The researchers did not find a significant relationship between baseline (premenopausal)
blood pressure and subsequent age at menopause. However, they did find an association
between increasing blood pressure during the premenopausal time period and an earlier age
at menopause. They found that after controlling for smoking, for each 10-mm increase in
systolic blood pressure over the premenopausal time period, age at menopause occurred 3.45
years earlier on average. The study authors concluded that blood pressure (and other
traditional CVD risk factors) may contribute to early menopause. However, it is not possible
to determine a causal pathway from these data. It is still plausible, given these data, that
increasing blood pressure and ovarian failure occur concomitantly, rather than one event
preceding the other.32

Several other studies have investigated whether the transition through menopause is linked
to increasing blood pressure. In studies of women going through menopause at normal ages,
this link was not seen.33 However, as stated previously, few studies have followed young
women. In a Japanese cohort, Akahoshi et al investigated whether blood pressure increased
differentially during the menopause transition in young women with an early age at
menopause versus older women with more average ages of menopause. Before menopause,
younger women had lower blood pressures than older women. Young women with early
menopause (<44 years of age) also had lower blood pressures during the menopause
transition as compared with older women who transitioned through menopause at older
ages.34 From these data, the authors concluded that the menopause transition does not have
an effect on blood pressure. However, this study did not contain a young control group who
remained premenopausal for blood pressure comparison, so it is unclear whether ovarian
failure during young life may have an independent effect on blood pressure.

Blood Pressure and X-Chromosome Abnormalities
Women with TS are burdened by vascular disease. They are known to have more congenital
vascular disease, such as aortic coarctation and renovascular anomalies. In addition, they
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have more hypertension than similar age women from the general population.20,35 However,
the exact cause of the increased prevalence of hypertension is difficult to elucidate and may
reflect secondary hypertension from occult congenital vascular disease rather than primary
or essential hypertension. The vascular similarities and differences in these women versus
women with spontaneous 46,XX POI are unknown because direct comparisons of these two
groups have not been reported.

AGE AT MENOPAUSE AND TRADITIONAL CARDIOVASCULAR DISEASE
RISK FACTORS
Smoking

Smoking and an earlier age at menopause are related in many studies.25,36–39 Women who
smoke have a menopause that occurs 1 to 2 years earlier than nonsmokers, although some
studies suggest it is only active smoking that affects the timing of menopause.40,41 Multiple
researchers have concluded that the relationship between age at menopause and
cardiovascular mortality and disease events is highly confounded by smoking.26,38

Lipids
LIPIDS AND NATURAL MENOPAUSE—A preponderance of evidence links the
menopausal transition to changes in lipids, most notably an increase in low-density
lipoprotein (LDL) and total cholesterol.42–45 In contrast, high-density lipoprotein (HDL)
cholesterol does not appear to change with menopause.45–48 A well-designed study by
Matthews et al assessed women from the SWAN cohort who transitioned through natural
menopause at normal ages. They found that total cholesterol, LDL cholesterol, and
apolipoprotein B all increased substantially during the interval from 1 year before to 1 year
after the final menstrual period. Using sophisticated modeling techniques, the researchers
were able to conclude that the pattern of these increases was consistent with an effect of
menopause and was not likely due to aging alone.33 This study may have relevance to
women with early menopause and possibly POI, although a limitation is that the SWAN
cohort included only women ≥42 years and those women had to still have at least
intermittent menses at the time of recruitment.

Chu et al found that lipids change very early in the menopause transition, even before the
beginning of irregular menses that typically define the menopause transition. They found
that in regularly cycling women, total and LDL cholesterol increase in proportion to a
common surrogate marker of ovarian function, the follicle-stimulating hormone (FSH) level
on day 3 of the follicular phase of the menstrual cycle.49 They further reported that this
increase in cholesterol with increasing FSH level was independent of estradiol level.50 This
study suggests a link between hormones of the hypothalamic-pituitary-ovarian axis and total
and LDL cholesterol levels that is not explained solely by the waning of estrogen.

LIPIDS AND EARLY MENOPAUSE—In women transitioning through an early
menopause, cholesterol appears to change similarly to women with menopause at normal
age, with a few differences. Akahoshi et al observed that total cholesterol increased in
women of all ages as they transitioned through menopause. However, they found that
women with early menopause (<44 years) had a higher magnitude of increase in cholesterol
as compared with women with menopause at later ages. In the postmenopausal time period,
the women with early menopause had cholesterol levels that were similar to women who
had gone through menopause at later ages, even though the women with early menopause
were younger. Their findings suggested that women with early menopause may be burdened
by an increased duration of lipid derangement, as well as a more abrupt increase in
magnitude of lipid derangement attributable to early menopause.34
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LIPIDS AND PRIMARY OVARIAN INSUFFICIENCY—Very little is known about lipid
profiles in women with ovarian failure at <40 years of age. Knauff et al compared lipid
profiles in women with POI to women without POI.51 All women were off hormone
replacement therapy or oral contraceptive pills at the time of the study. In addition, women
with POI and women without POI were very similar in terms of body mass index (BMI),
waist circumference, and smoking status. Surprisingly, no difference in total cholesterol or
LDL cholesterol was observed between the two groups. However, a significantly higher
triglyceride level and borderline lower HDL cholesterol level was observed in the POI
group. The authors concluded that the subtle lipid abnormalities that they observed in
triglycerides were likely causally related to lack of endogenous ovarian function. Yet why
these women would manifest lipid changes (i.e., higher triglyceride levels and potentially
lower HDL levels) that are common in the setting of insulin resistance but unique from the
lipid changes typically seen in women with menopause at later ages is unclear.

LIPIDS AND X-CHROMOSOME ABNORMALITIES—Cooley et al compared lipid
profiles of women with Turner’s syndrome to age-matched 46,XX women with spontaneous
POI. All subjects were off sex hormone therapy at the time of study. They found that women
with TS had a higher total cholesterol, LDL cholesterol, and triglycerides, as compared with
the 46,XX women with spontaneous POI. They also noted a potentially more atherogenic
profile in women with Turner’s syndrome, with more having a high proportion of small
dense LDL.52 They concluded that the lipid abnormalities were related to an as yet to be
identified abnormal X-linked gene.53

LIPIDS SUMMARY—High LDL and total cholesterol levels are linked to a high risk of
future heart disease events, although this relationship may not be as strong in women as it is
in men.45 Non-HDL cholesterol is also an important marker of cardiovascular risk in
women. A recent study of >300,000 subjects from multiple prospective studies of CVD
drugs found that non-HDL cholesterol (total cholesterol minus HDL cholesterol) predicted
future CVD as well as LDL cholesterol in both men and women.54 Smaller studies have
shown superiority of non-HDL cholesterol over LDL cholesterol in predicting CVD events,
especially in women.55,56 Thus, given the lipid abnormalities and increased CVD risk seen
in observational studies of women with POI and Turner’s syndrome, the monitoring of lipid
profiles, especially non-HDL cholesterol, may have some important clinical usefulness in
predicting future CVD in women with POI.

It is difficult to discuss lipid profiles in women with ovarian insufficiency without
commenting on the lipid changes associated with hormone therapy. In the 1990s, the LDL
and total cholesterol changes that accompany natural menopause were implicated as the
main culprit in the association between early menopause and CVD. Observational studies of
hormone therapy at the time of menopause had found that hormone therapy prevented the
increase in total cholesterol typically seen with menopause47 and also appeared to prevent
CVD events.57 This finding in part led to the placebo-controlled randomized trials of
conjugated equine estrogen (CEE) and CEE + progestin (CEE + P) performed by the
Women’s Health Initiative (WHI).

In both of the WHI trials, hormone therapy given to postmenopausal women reversed the
lipid changes typically associated with menopause; it decreased total cholesterol and LDL
cholesterol. In addition, it increased HDL cholesterol. However, it also increased
triglyceride levels and C-reactive protein (CRP) significantly.58,59 In these trials, neither
CEE nor CEE + P conferred protection from CHD, and both therapies caused stroke.60–62

The results of the WHI randomized trials have sparked intense debate regarding the
underlying reason for these findings. The type of hormone therapy, the hormone therapy
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delivery system, and the timing of therapy initiation have all been proposed as possible
contributors. Secondary analyses of the WHI trial data to address some of the potential
contributors are ongoing.

Both WHI randomized trials included some women with early menopause, either natural or
surgical. One recent WHI publication revealed a positive interaction between baseline LDL
cholesterol levels and CEE + P for CHD that was independent of age and multiple other
confounders.59 This finding suggests that a woman with POI and a high baseline LDL
cholesterol level may have a higher risk of having a CHD event if treated with CEE + P.
More studies of the sample of WHI subjects with POI are needed, as are studies
investigating whether lowering LDL cholesterol before sex steroid therapy can reduce the
risk of CHD events.

Body Mass, Glucose, and Insulin
BODY MASS INDEX, NATURAL MENOPAUSE, AND PRIMARY OVARIAN
INSUFFICIENCY—BMI is associated with age at menopause, with several studies
showing that heavier women experience a later menopause. However this relationship is
highly confounded by smoking; that is, current smokers tend to weigh less than
nonsmokers37 and smokers are known to have earlier menopause. When comparing women
transitioning through menopause at an early age (<44 years) versus a later age, women with
early menopause gain weight at the same rate as women with later menopause.34 Whether
young women <40 years of age who undergo 46,XX spontaneous primary ovarian
insufficiency gain more weight over time, as compared with women who retain normal
ovarian function, is unknown. Women with Turner’s syndrome appear to weigh more than
women with 46,XX primary ovarian insufficiency; however, this difference may be related
to decreased physical activity levels35 seen in women with Turner’s syndrome.

THE ASSOCIATION BETWEEN GLUCOSE METABOLISM AND NATURAL
MENOPAUSE—Parallel to the fact that heavier women appear to have later menopause,
women with insulin resistance may also have later menopause. In a small case-control study
of ~400 women, those with type 2 diabetes had a slightly later age at menopause as
compared with women without diabetes, although this difference was very small and not
statistically significant.63 A group of women with unique reproductive issues who are
frequently burdened by insulin resistance are women with polycystic ovary syndrome
(PCOS).

PCOS is commonly defined as the presence of menstrual irregularity due to oligo- or
amenorrhea and signs or symptoms of androgen excess.64 The definition may also include
the presence of multiple (≥12) small follicles on one or both ovaries.65 Because of
associated amenorrhea, these women may appear clinically similar to women with
spontaneous POI, especially in women with onset of these disorders in their late 30s. One
obvious distinguishing feature is hypergonadotropism,66 with POI women having low
estrogen/high FSH and PCOS women having normal or low FSH and often a high
luteinizing hormone to FSH ratio.67

Some evidence suggests that women with PCOS may have a higher ovarian reserve than
women without PCOS,68 although no long-term studies that follow women with PCOS
through the menopause transition exist. This has relevance to the study of age at menopause
and its association with CVD risk because the relationship between the two may be U-
shaped. For example, women with both early and late menopause may have increased CVD
risk factors, such as insulin resistance. A U-shaped association will not be detected by
statistical analyses that assume a linear relationship, and more appropriate techniques must
be used.
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CHANGES IN GLUCOSE METABOLISM WITH NORMAL MENOPAUSE—Glucose
metabolism may change with normal menopause, with worsening insulin resistance
frequently reported. However, it is very difficult to tease out metabolic changes caused by
aging (such as insulin resistance caused by aging-related fat gain) versus changes that are
directly attributable to the menopause. Carr’s article, “The Emergence of the Metabolic
Syndrome with Menopause,” is a good overview of the complexity of this topic.69 In
addition, a recent publication by Matthews et al from the SWAN cohort provides
information on glucose and insulin in women transitioning through a natural menopause at
normal ages. They observed a decrease in glucose and an increase in insulin over time that
appeared related to aging rather than to a direct effect of menopause.33 However, it is
unclear from their article whether women became more or less insulin resistant with aging.
Analyses of the SWAN data that includes changes in weight and BMI in relation to changes
in glucose metabolism would provide more insight.

GLUCOSE METABOLISM AND PRIMARY OVARIAN INSUFFICIENCY—Glucose
metabolism may be abnormal in women with POI, and autoimmunity may contribute to a
small degree. Autoimmunity is a cause of both type 1 diabetes and POI, and these two
disorders can coexist in persons with the most common polyglandular autoimmune
syndrome, polyglandular autoimmune syndrome type 2 (PAS 2). PAS 2 is typically defined
as the presence of autoimmune adrenal failure, plus a second immunoendocrinopathy (most
often autoimmune thyroid disease or type 1 diabetes).

The effect of autoimmunity on the relationship between glucose metabolism and POI
appears to be minor. Even when autoimmunity is highly suspected in a group of women
with POI, diabetes is not frequently diagnosed. A 1997 study of 119 women referred to a
tertiary academic center where patients with spontaneous 46,XX POI revealed a high
prevalence of coexisting endocrine disease; however 27% of these women (32 of 119) had
thyroid disease, whereas only 2.5% had adrenal disease (3 of 119) and only 2.5% had
glucose abnormalities (3 of 119). The researchers attributed these glucose abnormalities to
autoimmune mediated β-cell dysfunction, but antibody testing was not performed.70 Based
on this one study and an estimated prevalence of diabetes in women ages 20 to 39 years of
1.7% during this same time period,71 it appears that women with spontaneous 46,XX POI
are slightly more burdened by glucose abnormalities than the general population.

GLUCOSE METABOLISM AND X-CHROMOSOME ABNORMALITIES—Women
with TS appear to have more abnormalities of glucose metabolism and more overt diabetes,
as compared with women in the general population.20 A recent study of 224 self-referred
individuals with Turner’s syndrome found a 25% prevalence of type 2 diabetes and a 0.5%
prevalence of type 1 diabetes in these women. This compared with an expected 6.7%
prevalence of diabetes for the general population. Researchers found that haploinsufficiency
for Xp especially increased the risk of type II diabetes for women with Turner’s
syndrome.72 Given previous studies showing lower glucose-dependent insulin secretion in
women with Turner’s syndrome, as compared with women with 46,XX POI,71 authors
hypothesized that X-chromosome gene dosing contributes to β-cell dysfunction in women
with Turner’s syndrome.72

CARDIOVASCULAR DISEASE PREVENTION STRATEGIES IN WOMEN WITH
PRIMARY OVARIAN INSUFFICIENCY

Based on the available evidence, it appears that women with POI have a higher risk of CVD
and CVD mortality as compared with the general population, although this increased risk
appears small. A decade ago, multiple reports concluded that young women with heart
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disease events had especially high mortality.73–76 On a positive note, heart disease mortality
in young women has significantly improved since the 1990s, possibly because of better
recognition and management of heart disease and its risk factors.77 Continued early
identification of women at high risk for CVD is needed to maintain these gains, and women
with POI may serve as an important population to target for CVD screening and preventive
strategies.

CARDIOVASCULAR DISEASE RISK SCREENING AND RISK
STRATIFICATION TOOLS
Adult Treatment Panel III

The Third Report of the Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (ATP III) was published in 200178 and updated in 2004.79 The
ATP IV report is due out in the fall of 2011. The 1994 ATP II guidelines included
“premature menopause without estrogen replacement therapy” as a major risk factor for
CVD,80 but premature menopause without estrogen replacement therapy is no longer listed
as a risk factor in the ATP III reports. The ATP III panel now deems only cigarette smoking,
family history of premature CHD, low HDL cholesterol (<40 mg/dL), and hypertension
(blood pressure ≥140/90 mm Hg) as major risk factors for CVD. It also deems diabetes as a
CVD equivalent for risk stratification purposes.

The panel recommends the use of the Framingham risk assessment tool for evaluating 10-
year risk of developing myocardial infarction and CHD death (Fig. 1). The Framingham risk
assessment tool incorporates age, gender, total cholesterol, HDL cholesterol, smoking status,
blood pressure, and blood pressure treatment into the CVD risk calculation. This risk
calculator is intended for adults ≥20 years of age who do not have known heart disease or
diabetes. The Framingham risk assessment tool was developed based on a population that
included young women; however, data indicate that women <40 years comprise a very low-
risk group (Fig. 2).

Long-term prospective studies reveal that elevated serum cholesterol detected in young
adulthood predicts a higher rate of premature CHD in middle age. The ATP III guidelines
emphasize that risk factor identification in young adults is important for long-term
prevention strategies. Thus women with POI may serve as an important group to target for
risk factor identification.

Reynolds Risk Score
The Reynolds risk score is a risk stratification tool that some have argued is superior for
CVD risk prediction (heart attack, stroke, or other major heart disease) in women. The tool
includes age, smoking status, systolic blood pressure, total cholesterol, HDL cholesterol,
high-sensitivity CRP, and family history of heart disease. This tool was developed in
postmenopausal women who were at least 45 years old at study entry. This risk calculator is
intended for adults who do not have known heart disease or diabetes. Studies to date using
the Reynolds risk score for risk stratification in women have focused on postmenopausal
women,81 and it may not have as much relevance to young women with POI.

CARDIOVASCULAR DISEASE RISK REDUCTION
Lifestyle Modification

The first line of treatment for reducing cardiovascular disease risk is lifestyle
modification.45 Of special importance to women with POI is smoking, which has been
linked with earlier menopause in multiple epidemiological studies of the timing of
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menopause. Because a preponderance of evidence shows that limiting exposure to smoking
reduces cardiovascular risk, all women who smoke, regardless of ovarian functional status,
should be counseled and provided assistance in quitting.

In addition to smoking cessation, weight management, adherence to a healthy diet, and
regular physical activity have beneficial effects in reducing CVD risk in women. Lifestyle
modification should thus be recommended to all women with increased CVD risk, as
outlined in current prevention guidelines.82

Pharmacological Therapy
LIPID-LOWERING THERAPY—In most clinical trials of lipid-lowering therapies,
women are in the minority, and the power to detect clinical efficacy in this group is minimal.
However, the Cholesterol Treatment Trialists’ collaboration has performed meta-analysis of
lipid-lowering trials and concluded that, in persons with comparable CVD risk, statins
appear to have equal efficacy in men and women.83,84 Although lipid-lowering therapy
appears beneficial in meta-analyses of combined primary and secondary prevention trials,85

some argue that this benefit is not robust enough to recommend statins solely for primary
prevention in women.86,87 No studies of lipid-lowering therapies in women with POI exist.

The ATP III’s general approach to the primary prevention of cardiovascular disease is the
same for women and men. It is reasonable to use the ATP III recommendations to guide the
management of CVD risk in women with POI.78 ATP III recommends taking into account
the later onset of CHD for women in clinical decisions about using cholesterol-lowering
drugs. However, given that women with early menopause appear to experience more and
earlier CHD events, this recommendation may not apply to them. The ATP panel notes that
particular attention should be given to young men who smoke and have a high LDL
cholesterol (160 to 189 mg/dL) because they may be appropriate candidates for LDL-
lowering drugs. It may also be reasonable to give particular attention to young women with
POI who smoke and have high LDL. In addition, recommendations regarding non-HDL
targets may be particularly relevant to women with POI, given the lipid abnormalities
reported in POI.

Outcomes data in women treated with lipid-lowering medications other than statins are
limited88 and do not exist in women with POI. However, the most commonly used drugs for
lipid lowering in women in general are statins. Given that 5 to 10% of women with POI
achieve spontaneous pregnancies, it is relevant that statins are pregnancy category X and
should not be used in women with POI who may develop a spontaneous pregnancy.45,89,90

Sex Steroid Therapy
Cardiovascular risk should be taken into account when and if prescribing sex steroids in
women with POI. A summary of the various sex steroid preparations available for the
treatment of POI is beyond the scope of this review. Thus estrogen-progestogen therapy and
testosterone therapy are discussed only broadly here.

ESTROGEN-PROGESTOGEN THERAPY—The North American Menopause Society’s
2010 position statement on hormone therapy (HT), which encompasses both estrogen only
and estrogen-progestogen therapy, notes that HT is not recommended for heart disease
protection in women of any age. The authors distinguish between menopause at usual ages
and menopause <40 years of age and note that there are inadequate data regarding the use of
HT in women with menopause <40 years. They feel the existing data regarding the
cardiovascular risk of HT in women experiencing menopause at the median age should not
be extrapolated to women experiencing “premature menopause.” They acknowledge that no
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comparative data exist on the risks and benefits of HT initiation in women with menopause
<40 years and those with menopause at more average ages. However, even though evidence
is lacking, their tone is favorable toward the use of HT in women with POI, stating that “the
risks attributable to HT use by these young women receiving HT may be smaller and the
benefits potentially greater than those in older women who commence HT at or beyond the
median age of menopause.”91

The Endocrine Society’s scientific statement on postmenopausal hormone therapy was
published in 2010. Their statement acknowledges that a paucity of large randomized
controlled trials (RCTs) is available to guide clinical decision making with regard to the use
of HT for “premature menopause” and that evidence from studies of older women may not
apply. They state that “in women with ovarian failure or surgical menopause before the age
of 40 years, risk-vs.-benefit data must rely on observational studies and small RCTs.”92

Potential estrogen-progestogen therapies for the treatment of ovarian failure are numerous,
but studies of these therapies are rare. The Women’s Health Initiative Trials included one
type of estrogen (conjugated equine estrogen [CEE]) and contained a small proportion of
women with POI. However, as discussed previously, information on the use of CEE +
medroxyprogesterone medroxyprogesterone in POI may be derived from WHI publications.

A few additional hormone preparations have been studied in women with POI. A recent
small crossover study of 34 women with POI (including women with TS) randomized
women to receive either transdermal estradiol ~100 μg plus vaginal progesterone or oral
ethinyl estradiol 30 μg plus norethisterone. Only 19 women completed the protocol. In this
sample, the women randomized to transdermal estradiol achieved significantly lower blood
pressures during therapy than the oral estradiol group.93 Whether lower blood pressures
would have occurred in the oral ethinyl estradiol group if a different progestogen such as
drospirenone that has antimineralocorticoid effects94 had been used is unknown, as is the
effect of this therapy on hard CVD outcomes like myocardial infarction and stroke.

TESTOSTERONE THERAPY—Women with POI may have low androgen levels,
although the data are not consistent,95 and there is considerable overlap in androgen levels
when comparing women with POI to normally cycling women.96 Based on limited human
data that show that neither testosterone deficiency nor testosterone therapy appear to affect
length of life in either gender, it is unlikely that testosterone deficiency is the mediator of the
association between POI97 and excess CVD risk. Oral testosterone therapy in
oophorectomized and naturally postmenopausal women lowers HDL cholesterol.98,99 In
addition, oral testosterone therapy appears to increase insulin resistance in postmenopausal
women,98,99 as well as in normal cycling women.100

Testosterone therapy is not currently recommended for treatment of women with POI.
However, a placebo-controlled trial of transdermal testosterone therapy for bone health in
women with POI is currently ongoing.101 Although CVD is not a primary outcome of this
study, it may still provide valuable information on the CVD effects of this treatment in
women with POI.

Antihypertensive Therapy
There is no clear evidence that women with spontaneous 46,XX POI are predisposed to
blood pressure abnormalities. However, it is appropriate to treat women with POI who
develop hypertension based on current guidelines.102 Of particular relevance to women with
POI is that some antihypertensive medications may be contraindicated in pregnancy and
may not be appropriate for women with POI who may develop a spontaneous pregnancy.

Wellons Page 11

Semin Reprod Med. Author manuscript; available in PMC 2012 May 16.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



For example, angiotensin-converting enzyme inhibitors and thiazide diuretics are both
category D.

Women with X-chromosome abnormalities, such as TS, do appear predisposed to blood
pressure abnormalities. Researchers have suggested that an unidentified X-linked gene or
genes are likely the culprits. Special focus should be paid to the CVD management of adult
women with Turner’s syndrome because a study showed that these women are significantly
less likely to have undergone recommended cardiac screening as compared with pediatric
patients.103 Cardiac and metabolic issues in TS are discussed more thoroughly in Gravholt’s
“Medical Problems of Adult Turner’s Syndrome”10 and the 2007 Guideline on the Care and
of Girls and Women with Turner Syndrome.104 As our ability to assess for microdeletions
and other abnormalities of the X chromosome increases and as the cost of these technologies
decreases, identification of new X-linked genes linked to vascular disease may emerge and
may have relevance to women with spontaneous POI with currently unidentified X-
chromosome abnormalities.

Assisted Reproductive Therapy
Many women with POI undergo treatment with assisted reproductive technologies,
especially the use of donor oocytes. Several studies suggest that women carrying donor
oocyte pregnancies have more pregnancy-induced hypertension as compared with nondonor
in vitro fertilization pregnancies.105,106 Thus women with POI may require more high-risk
obstetric care.107 Of note, pregnancies in women with Turner’s syndrome are associated
with an increased risk of cardiac-related death, and, in general, the Practice Committee of
the American Society of Reproductive Medicine considers Turner’s syndrome to be a
relative contraindication to pregnancy.108 Careful cardiovascular screening before
attempting pregnancy and monitoring of women with Turner’s syndrome during pregnancy
is recommended in multiple clinical guidelines.108,109

CONCLUSIONS
• The relationship between early age at natural menopause and cardiovascular

disease is complex. Although a small increased risk of CVD is associated with
early natural menopause, the causal pathway has not been determined.

• Cardiovascular risk screening should be performed early and at appropriate
intervals to identify women that may benefit from lifestyle modification and
pharmacological therapy to prevent CVD.

• Smoking is strongly associated with early age at menopause. Smoking cessation
should be encouraged in all women—both with and without POI.

• Dyslipidemia is seen in POI and early menopause and should be managed based on
current (2004) and upcoming (2010) ATP guidelines.

• Sex steroid therapy for the sole purpose of CVD prevention cannot be
recommended based on a lack of evidence in women with POI.

• Decisions regarding sex steroid therapy must be based on a weighing of all known
and potential risks and benefits of HT, of which CVD is only a part.
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Figure 1.
Risk Assessment Tool for Estimating Your 10-Year Risk of Having a Heart Attack.110

CHD, coronary heart disease; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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Figure 2.
National Center for Health Statistics (NCHS), Centers for Disease Control and Prevention
and National Heart Lung and Blood Institute (NHLBI), National Institutes of Health. U.S.
Department of Health and Human Services. Prevalence of Coronary Heart Disease by Age
and Sex. In: Heart Disease and Stroke Statistics—2010 Update. American Heart
Association. Available at:
http://www.americanheart.org/downloadable/heart/
1265665152970DS-3241%20HeartStrokeUpdate_2010.pdf. Accessed November 9, 2010.
NHANES, National Health and Nutrition Examination Survey.
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