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Hormone replacement therapy in
young women with primary ovarian
Insufficiency and early menopause
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Primary ovarian insufficiency (POI) is a rare but important cause of ovarian hormone deficiency and infertility in women. In addition to
causing infertility, POI is associated with multiple health risks, including bothersome menopausal symptoms, decreased bone density
and increased risk of fractures, early progression of cardiovascular disease, psychologic impact that may include depression, anxiety,
and decreased perceived psychosocial support, potential early decline in cognition, and dry eye syndrome. Appropriate hormone
replacement therapy (HRT) to replace premenopausal levels of ovarian sex steroids is paramount to increasing quality of life for women
with POI and ameliorating associated health risks. In this review, we discuss POI and complications associated with this disorder, as well
as safe and effective HRT options. To decrease morbidity associated with POI, we recommend using HRT formulations that most closely
mimic normal ovarian hormone production and continuing HRT until the normal age of natural menopause, ~50 years. We address
special populations of women with POI, including women with Turner syndrome, women with increased risk of breast or ovarian cancer,
women approaching the age of natural menopause, and breastfeeding women. (Fertil Steril® 2016;106:1588-99. ©2016 by American
Society for Reproductive Medicine.)
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rimary ovarian insufficiency
P (POI) is a rare but important

cause of sex steroid deficiency
and infertility in premenopausal
women. POI is characterized by meno-
pausal levels of FSH and absent or
irregular menstrual cycles before the
age of 40 years. Because the average
age of natural menopause is 50-
51 years, women exhibiting these find-
ings after age 40 but before age 45 are
said to have early menopause (1). Spon-
taneous POI affects ~1% of women
before age 40, and ~0.1% of women

before age 30 years. An estimated 5%
of women undergo early menopause
before the age of 45 years (2). Many
of the health complications associated
with POI are directly related to ovarian
hormone deficiency, primarily estrogen
deficiency. This underscores the impor-
tance of physiologic hormone replace-
ment therapy (HRT) in women with
POL. Unfortunately, data regarding
adverse effects from the Women'’s
Health Initiative (WHI) trial, a study of
older postmenopausal women, has
dissuaded many from using estrogen

Received July 29, 2016; revised September 16, 2016; accepted September 27, 2016.

S.D.S. has nothing to disclose. P.M.S. has nothing to disclose. L.M.N. has nothing to disclose.

Supported in part by the Intramural Research Program, National Institute of Child Health and Human
Development, National Institutes of Health, Bethesda, Maryland (L.M.N.).

Reprint requests: Lawrence M. Nelson, M.D., Medical Investigator, Captain, US Public Health Service,
Intramural Research Program, Eunice Kennedy Shriver National Institute of Child Health and Hu-
man Development, National Institutes of Health, CRC, Room 1-3330, 10 Center Drive, MSC-1109,
Bethesda, Maryland 20892-1103 (E-mail: lawrence_nelson@nih.gov).

Fertility and Sterility® Vol. 106, No. 7, December 2016 0015-0282/$36.00
Copyright ©2016 Published by Elsevier Inc. on behalf of the American Society for Reproductive

Medicine

http://dx.doi.org/10.1016/j.fertnstert.2016.09.046

therapy or estrogen/progestin therapy
(EPT) in young women with POI or
early menopause (3). The WHI showed
multiple increased health risks related
to the use of EPT, including increased
risks of stroke, breast cancer, and car-
diovascular disease (CVD) (4). This is
unfortunate, because, in contrast to
women with normal menopause, the
situation in young women with POI
and early menopause is in fact a patho-
logic state of estrogen deficiency
compared with their peers with normal
ovarian function. In women with POI
and early menopause, the term hor-
mone replacement therapy is entirely
accurate, because the prescribed hor-
mones are replacing hormones that
would normally be present.

Health complications of POI
include menopausal symptoms (hot
flashes, night sweats, insomnia, dys-
pareunia, decreased sexual desire, and
vaginal dryness), decreased bone
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mineral density (BMD) and increased risk of fracture, infer-
tility, increased risk of mood disorders, namely, depression
and anxiety, cognitive decline, sexual dysfunction, increased
rates of autoimmune disease, increased risk of cardiovascular
disease, increased risk of type 2 diabetes mellitus (T2DM) or
pre-DM, and dry eye syndrome (1). Physiologic EPT amelio-
rates many of these health risks and is considered standard
of care for women with POI or early menopause (1, 5, 6). It
is generally recommended to continue EPT until age
~50 years (the average age of natural menopause), unless a
specific contraindication exists, such as an estrogen-
dependent malignancy. In the present review, we discuss
the use of HRT in women with POI and early menopause,
including benefits and risks, HRT formulations available in
the United States, management of HRT after age 50 in these
women, and HRT use in special populations with POl. Women
who experience ovarian insufficiency as a result of oophorec-
tomy present a unique situation which will be addressed in a
separate review.

There are multiple etiologies for POI, including genetic,
autoimmune, iatrogenic related to chemotherapy or radiation,
surgical, and spontaneous presentation. Spontaneous 46,XX
POI (sPOI) refers to ovarian insufficiency before the age of
40 years in women with a normal 46,XX karyotype for
whom the condition develops spontaneously. In 90% of cases
of sPOI, a specific underlying cause can not be identified.
Approximately 4% of sPOI cases are due to lymphocytic auto-
immune oophoritis caused by autoimmunity against steroido-
genic cells, a process that may affect function of both the
ovary and the adrenal glands (1, 7). A premutation in the
Fragile X Mental Retardataion 1 (FMR1) gene is responsible
for an estimated 2%-5% of cases of isolated sPOI and 14%
of familial sPOI cases (8, 9). The FMRI1 gene contains a
polymorphic trinucleotide (CGG) repeat, normally present in
<45 copies, at the 5" untranslated region. A full mutation of
the FMR1 gene occurs when >200 CGG repeats exist and is
the cause of fragile X syndrome, the most common
heritable form of mental retardation. An FMRI1 gene
premutation, which may expand to the full mutation across
generations, contains 55-199 CGG repeats, and incurs
~24% risk of developing sPOI in carriers (9). The most
common genetic cause of POI is Turner syndrome, which is
most commonly related to a 45X karyotype. Turner
syndrome affects ~1 in 2,500 girls (10).

BENEFITS AND RISKS OF HRT IN WOMEN WITH
POI AND EARLY MENOPAUSE
Menopausal Symptoms and Sexual Function

Women with POI and early menopause commonly complain
of bothersome menopausal symptoms, which may present
gradually or suddenly. The symptoms these women experi-
ence are identical to those experienced by women who pro-
ceed through menopause naturally, and may include hot
flashes, night sweats, insomnia, and sexual dysfunction due
to vaginal dryness, dyspareunia, and loss of libido (11-14).
A decline in ovarian E, production, and likely to some
extent ovarian T production, is responsible for these
symptoms (12, 14, 15). Menopause symptoms should be
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taken seriously by affected women and their physicians,
because these symptoms can affect quality of life and signal
hormone deficiencies that may contribute to disease (16).

Appropriate physiologic estrogen replacement alleviates
menopausal symptoms, and may improve sexual dysfunction
that is related to vaginal dryness, dyspareunia, and decreased
libido. A role for T replacement in treating menopausal symp-
toms, particularly those related to sexual dysfunction, has not
been clearly established. There are currently no approved T
formulations for women in the U.S. Furthermore, androgen
deficiency in women is not well defined and therefore should
not be diagnosed until normative data on T levels across a
woman'’s lifespan have been established (17). That said,
some reports have demonstrated that T replacement enhances
the beneficial effects of estrogen therapy on sexual function
in women with POI following oophorectomy (18-22).

Bone Mineral Density and Fracture Risk

Multiple studies have shown that the lower bone mineral den-
sity (BMD) seen in women with POI or early menopause (age
<45 years) due to any etiology is associated with significantly
increased risk for fracture (23-29). Several of these studies
further demonstrated that fracture rates are reduced among
women with POI or early menopause who are treated with
the use of HRT (23, 24, 26, 29).Peak bone mass is attained
by the age of ~30 years in women; prolonged estrogen
deficiency before this age results in decreased peak bone
mass accrual, and estrogen deficiency after this age results
in early bone loss. Early BMD loss or failure to attain peak
bone mass results in increased fracture risk and is a primary
health concern among young women with POI, particularly
if appropriate treatment with the use of HRT is not initiated
soon after disease onset (1, 30-33). Compared with
regularly menstruating similarly aged women, a cohort of
young women with 46,XX sPOI (mean age 32 years, range
20-39) had significantly lower BMD z-scores. Importantly,
21% of women with sPOI in this cohort had BMD z-scores
less than —2.0, indicative of low BMD for age and a
fracture risk factor (33). Fully 67% of these women with
sPOI had femoral neck BMD z-scores less than —1.0, and
among women with sPOI who were within 1.5 years of
diagnosis, almost one-half (47%) had femoral neck z-scores
less than —1.0. Progressive decreases in ovarian hormone
production occurring well before the diagnosis of sPOI may
perhaps contribute to the high rates of low BMD in women
who were recently diagnosed.

It is important to address modifiable risk factors that may
contribute to reduced bone mass (Table 1) (33). Delay in diag-
nosis is a contributing risk factor for women with POL In one
study of POI, more than 50% of women had to visit three or
more different clinicians with a complaint of menstrual abnor-
mality before an FSH level was measured (34). It is important to
view the menstrual cycle as a vital sign of bone health and to
investigate abnormalities aggressively. To support bone health,
women with POI need to assure adequate calcium and vitamin
D intake and maintain a routine of regular weight-bearing ex-
ercise. In a group of women with POI, Popat et al. found that
5800 had inadequate serum 25-hydroxy vitamin D levels,
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TABLE 1

Risk factors for z-score less than —2 at any site as assessed by
means of prevalence proportional ratio (PPR) in women with
primary ovarian insufficiency (n = 442).

Risk factor PPR 95% Cl Pvalue

Onset of menstrual irregularity 2.72 1.74-4.33 <.0001
before age 20y

Delay in diagnosis >1y 1.96 1.14-3.35 .018

Serum 25(OH) vitamin 2.89 1.47-5.69 .002
D <32 ng/mL

No regular exercise 1.93 1.22-3.06 .005

Weight <55 kg 2.8 1.47-5.36 .002

Daily calcium intake <1,000 mg 2.8 1.37-5.75 .005

Smoking >2 cigarettes/day 0.91 0.25-3.39 .84

Note: Adapted with permission from Popat et al. (33). Cl = confidence interval.

Sullivan. HRT for primary ovarian insufficiency. Fertil Steril 2016.

49% had inadequate calcium intake, and almost one out of four
had no regular exercise program (33). Clinicians should main-
tain serum 25-hydroxy vitamin D levels in the normal range
(>30 ng/mL) (35). Women with POI should take 1,000-2,000
IU vitamin D3 (cholecalciferol) daily, along with 1200 mg of
elemental calcium, either through dietary sources or supple-
ments to optimize bone health (1). Additional risk factors for
low BMD in women with POI include older age, younger age
at POI diagnosis (particularly diagnosis before the age of
peak bone mass accrual), and lower body mass index (32).
Interestingly, race other than white was a risk factor for
reduced BMD in Black, Asian, and Hispanic women with POI
(Table 2) (33). These differences disappeared when corrected
for other factors, a distressing fact pointing out problems
with racially biased health disparities (Table 3) (33). Altogether,
women with POI need physiologic HRT and healthy lifestyle
habits to maintain bone density and minimize fracture risk.
The National Institutes of Health (NIH) Intramural
Research Program conducted a 3-year prospective random-
ized controlled trial in young women with 46,XX sPOI to
investigate the effectiveness of a standardized regimen of
HRT on BMD. The study used treatment with the use of phys-
iologic E, replacement with cyclic oral progestin (100 ug/d
transdermal E, with 10 mg oral medroxyprogesterone daily
for 12 days per month). This replacement therapy improved
lumbar spine and femoral neck BMD, such that at the end
of the 3-year intervention, BMD did not differ between

TABLE 2

Risk for serum 25(OH) vitamin D deficiency ( < 32 ng/mL) and bone
mineral density z-score less than —2 according to race/ethnicity in
women with primary ovarian insufficiency (n = 442).

Race/ethnicity PPR 95% CI Pvalue
White 1.94 0.88-4.28 .099
African-American 6.74 3.17-14.3 <.0001
Asian 9.07 4.1-20.04 <.0001
Hispanic 3.88 1.35-11.2 .012

Note: Adapted with permission from Popat et al. (33). Abbreviations as in Table 1.
Sullivan. HRT for primary ovarian insufficiency. Fertil Steril 2016.

women with sPOI and a group of contemporaneously re-
cruited normally cycling control women (Fig. 1) (36). The
addition of transdermal T replacement to the regimen of
transdermal E, and oral medroxyprogesterone acetate pro-
vided no additional beneficial effect on BMD (36).

Important evidence is accumulating to support a conclu-
sion that physiologic HRT (transdermal E, and cyclic proges-
tin) is more effective in maintaining bone health in young
women with POI than continuous combined therapy with
oral contraceptive pills (OCPs). For example, a study in
women with POI comparing the efficacy of 12 months of
physiologic HRT (100-150 ug/d transdermal E, plus cyclic
progestin) with 12 months of a combined OCP (30 ug ethinyl
E, and 1.5 mg norethisterone daily for 3 weeks per month)
demonstrated that physiologic HRT was superior to OCPs in
protecting and improving BMD (37). (Another 2-year
open-label randomized trial in women with POI compared
physiologic E, replacement (2 mg oral E, and 0.075 mg levo-
norgestrel daily) with combined OCP (0.030 mg ethinyl E, and
0.150 mg levonorgestrel taken daily for 21 days followed by a
7-day break). The findings (demonstrated a significantly
greater increase in lumbar spine BMD with the use of physio-
logic E, replacement (38). Together, these data support the use
of physiologic E, and progestin HRT over continuous com-
bined contraceptive steroids for maintaining bone health in
women with POL

Cardiovascular Disease

Evidence points to estrogen deficiency as a driver of increased
CVD risk associated with POI (39). A recent meta-analysis
demonstrated that women who experienced menopause before
age 45 have a higher risk of coronary heart disease, cardiovas-
cular mortality, and overall mortality compared with women
who experienced menopause after age 50 (40). Compared
with age-matched normal women, women with sPOI have
reduced vascular endothelial function, an early sign of athero-
sclerosis. Treatment with the use of HRT for 6 months signif-
icantly improved endothelial function in these women (41).
Women with POI, regardless of the cause, have increased risks
of CVD (42-47) and ischemic stroke (48). Taken together,
regular CVD risk assessments and risk reduction measures
are indicated. These include lifestyle modifications,
management of lipid levels and hypertension, and early
initiation of physiologic HRT. These are paramount for the
long-term cardiovascular health of women with POIL That
said, benefits of HRT on cardiovascular health have been
shown largely in studies of naturally postmenopausal women;
no long-term data exist on cardiovascular outcomes in young
women with POI treated with the use of HRT. Therefore, one
can only extrapolate the cardiovascular benefit of HRT among
women with POI with the use of outcome data from older
naturally menopausal populations, along with evidence that
HRT improves risk markers in women with POL

Emotional Health

POI is associated with an increased risk of depression and
anxiety, in large part owing to the diagnosis of infertility as
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TABLE 3

Serum 25(0OH) vitamin D levels, calcium intake, and compliance to hormone replacement therapy (HRT) according to race/ethnicity Serum

25(0H)-Vit D (ng/mL) Calcium Intake (mg/day) HRT Compliance.
Serum 25(0H) vitamin D, ng/mL (n = 429)

Race/ethnicity n Mean (SEM) P value
White 337 33.6 (0.8) -
African-American 48 19.3 (2.3) <.001
Asian 18 17.1 3.7) <.001
Hispanic 26 24.8 (3) .01

Note: Adapted with permission from Popat et al. (33).
Sullivan. HRT for primary ovarian insufficiency. Fertil Steril 2016.

well as lack of perceived psychosocial support (49-51). A
study comparing 154 women with 46,XX sPOI with a
control group showed significant decreases in perceived
social support and self-esteem. These negative psychosocial
perceptions were present regardless of a woman'’s marital sta-
tus, whether or not she had children, or the length of time
since her diagnosis of sPOI (49). Similarly, women with
sPOI report reduced self-esteem, increased social anxiety
and shyness, and more symptoms of depression compared
with control women (50). Indeed, the prevalence of clinical
depression is greater among women with sPOI compared
with control women and seems to be associated with the onset
of menstrual irregularity. Interestingly, in one study, rates of
depression in women with sPOI were higher than rates seen in
young women with Turner syndrome, suggesting that an un-
expected onset of ovarian dysfunction later in adulthood
rather than during childhood may increase the psychologic
impact of ovarian insufficiency in young women (51).

The role that estrogen deficiency plays in the develop-
ment of depression during the menopausal transition or in
women with ovarian insufficiency is controversial (52). The
risk for new-onset depression is heightened by more severe
vasomotor symptoms (53). Physiologic HRT, particularly the
E, component, has been shown to alleviate symptoms of
depression and even lead to remission when initiated during
perimenopause or in very early menopause (54-56).
Androgen replacement therapy has also been shown to
contribute to improved mood symptoms among
postmenopausal women (55); however, among women with
46,XX sPOI, treatment for 12 months with the use of
physiologic androgen replacement therapy did not worsen
or improve quality of life, self-esteem, or mood (57).

Cognitive Function

Evidence suggests that estrogen is neuroprotective and there-
fore estrogen deficiency at an early age would theoretically
heighten a woman'’s risk for cognitive decline and dementia.
Animal studies demonstrate neuroprotective effects of estro-
gen, including enhancement of synaptic plasticity and
reduced production of B-amyloid, the protein associated
with Alzheimer disease development (58). Neuroimaging
studies in humans suggest that estrogen enhances brain activ-
ity related to memory processing (59). Furthermore, several
studies in older postmenopausal women indicate that estro-

Calcium intake (n = 250) HRT compliance (n = 423)

n Mean (SEM)  Pvalue n Compliant (%)  Pvalue
205 1,947 (49) - 336 75 -
25 1,716 (144) <.001 44 66 .20
7 1,258 (142) .016 18 44 .01
13 1,803 (241) <.001 25 64 24

gen replacement therapy is protective against development
of dementia, especially when started early in the menopausal
transition and used for >10 years (60, 61). Data on cognitive
benefits of HRT, however, come exclusively from older
postmenopausal populations, and no data exist showing
direct cognitive benefits of HRT in young women with POL
Therefore, potential cognitive benefits of HRT in women
with POI can only be extrapolated from existing evidence in
older women and from nonhuman animal data.

Infertility

The most common terms that women use to describe how they
feel when they first hear about their diagnosis of POI are
“devastated,” “shocked,” and “confused” (34) For many
women with POI, infertility is the most devastating aspect
of the diagnosis. Women with POI do not respond to tradi-
tional fertility treatments. Their options for childraising
include adoption, a small potential for spontaneous preg-
nancy, donor embryo, and egg donation with the use of
in vitro fertilization. Spontaneous pregnancy occurs in
~50%-10% of women with 46,XX sPOI (62).

Nearly three out of four women with POI have ovarian
follicles remaining in the ovary (63). It is clear that POI in
most cases is not a “failure” of the ovary, but rather intermit-
tent and unpredictable ovarian function that can persist for
decades. However, the tonic elevation in serum LH levels
causes premature luteinization of growing antral follicles,
which diminishes the chances for spontaneous ovulation or
response to ovarian stimulation (64). Theoretically, treatment
with physiologic HRT, such as transdermal E, plus cyclic me-
droxyprogesterone, may enhance the ability of ovarian folli-
cles to avoid premature luteinization and respond to an
endogenous or exogenous stimulus from gonadotropins, un-
dergo follicular maturation, and ovulate. This theoretic
benefit of HRT stems from its ability to suppress serum LH
levels into the premenopausal range (65), potentially reducing
the inappropriate luteinization of follicles caused by chroni-
cally elevated LH levels and thereby improving ovulation
rates (64). A second proposed mechanism by which E, may
improve fertility rates is by suppressing chronically elevated
FSH levels, which have been shown to down-regulate granu-
losa cell FSH receptors. Estradiol treatment may allow for
restoration of FSH receptors and thereby enhance the
response to exogenous gonadotropins in the remaining
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Percentage change over 3 years in (A) femoral neck and (B) lumbar
spine bone mineral density (BMD) in healthy control women and
women with 46,XX spontaneous primary ovarian insufficiency
treated with E; +P or E; + P + T. With permission from Popat et al.
(36).

Sullivan. HRT for primary ovarian insufficiency. Fertil Steril 2016.

ovarian follicle pool (66). Despite this theoretic fertility-
enhancing effect of HRT, clinical investigations have demon-
strated little or no benefit in practice.

In a randomized controlled trial investigating effects of
physiologic estrogen replacement on fertility in women
with sPOI, 6 weeks of 2 mg oral E, daily suppressed serum
LH levels and increased E, concentrations appropriately;
however, E, had no effect on folliculogenesis, ovulation rates,
or pregnancy rates during that short trial (67). In another ran-
domized placebo-controlled study investigating the effects of
pretreatment with estrogen on the ovarian response to gonad-
otropin therapy in women with POI, treatment with the use of
0.05 mg ethinyl E, three times daily for 2 weeks before ovula-
tion induction resulted in significantly higher ovulation rates

compared with placebo (32% vs. 0%). Follicular development
and ovulation occurred only in women who achieved serum
FSH levels <15 mIU/mL, suggesting that suppression of
endogenous gonadotropins by E, improved response rates.
Among the eight women who ovulated in that study, four
achieved pregnancy, all after E, pretreatment followed by
ovulation induction with gonadotropins (66). In another
study of 100 women with POI, pretreatment with E, before
ovarian stimulation with the use of exogenous gonadotropins
resulted in ovulation in 19% of cycles, a pregnancy rate of
~50, and a live birth rate of 2% (68). That study, however,
was not placebo controlled, and the pregnancy rate was
similar to the rate of spontaneous pregnancy seen in women
with sPO], so the positive impact of E, on fertility can not be
determined.

Dry Eye Syndrome

Women with POI suffer from dry eye syndrome significantly
more than age-matched control women with normal ovarian
function (20% vs. 3%) (69). Dry eye syndrome in women with
POl is not associated with reduced tear production, as is typi-
cally seen in older individuals (>65 years) who are more
commonly affected by this ocular surface disorder. There
are sex hormone receptors in ocular surface tissues, providing
a potential mechanism by which ovarian hormones could
alter function (69). Furthermore, there is a link between dry
eye syndrome and androgen deficiency in other patient pop-
ulations (70, 71); however, no investigations to date have
explored a role for androgen or estrogen replacement
therapy in ameliorating dry eye symptoms in women with
POL

HORMONE REPLACEMENT THERAPY
Transdermal or Transvaginal Estradiol

The Women'’s Health Initiative study involved menopausal
women who averaged 63 years of age (4). The results should
not be applied to young women with POI or early meno-
pause. POI is a pathologic condition in which young women
have low serum E, levels compared with their peers. For
young women with E, deficiency, hormone therapy is indeed
“replacement,” whereas in women with normal menopause,
hormone therapy is hormone “extension.” It is important to
make this distinction clear to patients. Unfortunately, a
recent study showed that more than one-half (52%) of young
women with POI either never take HRT, start HRT many
years after their diagnosis, and/or discontinue HRT use
before age 45 (72).

The weight of evidence now favors transdermal or trans-
vaginal E, therapy as the first line of HRT for young women
with POI or early menopause. Young women who develop
POI require long-term ovarian sex steroid replacement.
Some will require this therapy for decades. Current therapies
are prescribed to control symptoms and to help prevent dis-
ease related to E, deficiency.

Ideally, replacement would mimic normal ovarian func-
tion. The thought experiment solution to this dilemma is to
develop an artificial ovary that would be designed to deliver
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Sullivan. HRT for primary ovarian insufficiency. Fertil Steril 2016.

a constant parenteral infusion of the right mix of hormones to
mimic endogenous ovarian production throughout a men-
strual cycle. The transdermal patch and the vaginal ring
that deliver 0.100 mg E, per day are a first rudimentary step
in this direction. These formulations mimic the daily ovarian
production rate of E, and achieve average serum E, levels of
100 pg/mL; this is the average level that women with normal
ovarian function experience across the menstrual cycle (73).
An equivalent dose of oral E, is also effective replacement;
however, the transdermal and transvaginal routes of admin-
istration deliver hormone directly into the circulation, which
avoids complications associated with the first-pass effect on
the liver when estrogen is given orally (74). Risk of venous
thromboembolism is increased by oral estrogen compared
with transdermal estrogen use (74-77). In the multicenter
Estrogen and Thromboembolism Risk (ESTHER) study
performed in postmenopausal women, the odds ratio (OR)
for venous thromboembolism in women using oral
estrogens was 4.2 (95% CI 1.5-11.6) compared with 0.9
(95% CI 0.4-2.1) in women using transdermal estrogen
preparations (75). In addition, unlike oral estrogens,
transdermal HRT does not adversely alter cardiovascular
disease or thromboembolic risk markers (78, 79). In women

with underlying obesity or clotting disorders, the venous
thromboembolism risk associated with oral estrogen is
heightened further, to 5-8 times the risk seen in nonusers or
users of transdermal estrogen preparations (76). Also,
relative risk of stroke is increased in postmenopausal
women prescribed oral estrogen versus transdermal
estrogen as part of their hormone therapy regimen (80).
Steroidal hormone agents developed as contraceptives
provide supraphysiologic levels of synthetic estrogen and
progestin to suppress ovulation in normally cycling women.
Thus, by definition these agents provide more steroid hor-
mone than is required to replace ovarian production rates.
Contraceptive steroid hormone agents have been associated
with increased risk of thromboembolism, stroke, subarach-
noid hemorrhage, and worsening cardiometabolic risk,
including increase in blood pressure and unfavorable lipid
profiles. In particular, drosperinone-containing formulations
are associated with an approximately twofold increased risk
of venous thromboembolism and arterial thrombotic events,
including acute myocardial infarction and stroke (81). Also,
oral contraceptives typically have a 1-week “pill-free” period
each month (or every 3 months with 3-month preparations),
resulting in a regular temporary estrogen-deficient state.
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FIGURE 3

>

Change in Creatinine
(mg/dL)
=)
o]
<

3 12
Months

T
\
ol

(pg/mL)
&

Change in Angiotensinll )

3 12
Months

Change in PRA
(ng/mL/hr)
_|

o| _

3 12
Months

O

(pg/mL)

Change in Aldosterone

3 12
Months
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ovarian insufficiency treated with the use of physiologic hormone replacement therapy (solid bars) or standard oral contraceptive pills (hatched

bars). With permission from Langrish et al. (82).
Sullivan. HRT for primary ovarian insufficiency. Fertil Steril 2016.

For some women with POI, this may mean return of unwanted
menopausal symptoms during that interval.

A recent randomized controlled cross-over trial in young
women with POI compared the cardiovascular effects of treat-
ment with transdermal E, plus cyclic progestin versus treat-
ment with a combination oral contraceptive (Figs. 2 and 3)
(82). Compared with the oral contraceptive, 12 months of
transdermal physiologic HRT resulted in significantly lower
blood pressure, better renal function, and reduced activation
of the renin-angiotensin-aldosterone system. This evidence
suggests that transdermal physiologic HRT is superior to the
combined oral contraceptive in promoting cardiovascular
health in young women with POI.

Progestins

To date, an NIH Intramural Research Program study provides
the only long-term controlled data published regarding HRT
for young women with POI (36). Most women with POI

have an intact uterus, so the recommended hormone replace-
ment is both estrogen and progestin. Cyclical progestin is rec-
ommended for endometrial protection. The NIH study of HRT
in POI used transdermal E, (100 ug/d) with oral medroxypro-
gesterone acetate (10 mg/d for 12 days per month). This
regimen was tolerated well. Medroxyprogesterone acetate is
the only progestin for which available evidence demonstrates
capability to fully induce secretory endometrium in conjunc-
tion with a full replacement dose of estrogen when used in
regular monthly cycles (83, 84). Cycling progestin courses
given less frequently than monthly (termed “long-cycle
HRT”) is not recommended, because that approach increases
the risk of endometrial hyperplasia and potentially of
endometrial cancer (84). Medroxyprogesterone acetate is
not derived from T and is a 21-carbon “pure” progestin,
compared with the 19 norprogestins which may have associ-
ated androgenic effects (85).

The NIH study of HRT in POI used medroxyprogesterone
acetate as the progestin owing to concerns regarding the lack
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of evidence for effectiveness of oral micronized P to protect
the endometrium when used in conjunction with full replace-
ment doses of E,. The Postmenopausal Estrogen/Progestin In-
terventions (PEPI) Group did not investigate the efficacy of
oral micronized P to effectively induce secretory endome-
trium in conjunction with a full replacement dose of estrogen.
The group investigated lower doses of estrogen only, so the
effectiveness of oral micronized progestin to induce full
secretory endometrium in this context remains an open ques-
tion (86). Likewise, use of a progestin-containing intrauterine
device (PIUD) as the progestin component of an HRT regimen
in young women with POI is not recommended, given that
PIUD-induced endometrial suppression has not been studied
in this population, only in older postmenopausal women
with intact uteri who require a progestin along with low post-
menopausal doses of E, (87). Furthermore, the PIUD would
prevent pregnancy and lead to cessation of regular menses,
undesirable effects for many young women with POI who
wish for their HRT regimen to help “normalize” their repro-
ductive lives (88).

Furthermore, there are concerns regarding the pharmaco-
kinetics of oral micronized P. After administration of a
200 mg dose of oral micronized P, the mean serum P level
peaks after only 3 hours and, importantly, returns to baseline
by 24 hours. The P peak level, as validated independently by
mass spectrometry, is only at the lower P level of the range
defined for a normal functional corpus luteum (89). This sug-
gests that with this dose of oral micronized P, the integrated
progestin effect at the level of the endometrium would be
inadequate to induce full maturation in the face of a full
replacement dose of E,. Some young women with POI will
take HRT for decades. More supporting evidence regarding
the effects of oral micronized P at the level of the endome-
trium in the face of a full replacement dose of E, is needed
before this can be recommended as the first-line progestin
for this clinical situation. There is insufficient evidence to
determine if medroxyprogesterone acetate and micronized P
therapy differ significantly regarding association with the
development of breast cancer. Women who can not tolerate
medroxyprogesterone acetate may be prescribed micronized
P but should be monitored for endometrial suppression on
at least an annual basis.

Regarding cardiovascular risk, in combination with E,,
both medroxyprogesterone acetate and micronized P improve
cardiovascular risk markers, including serum high-density li-
poprotein (HDL) and low-density lipoprotein levels, blood
pressure, and fibrinogen levels. However, micronized P may
be superior to medroxyprogesterone acetate in improving
HDL levels (90). In the Kronos Early Estrogen Prevention
Study (KEEPS) performed with postmenopausal women, the
addition of micronized P to E, replacement had a neutral
effect on coronary artery calcium scores, carotid intima media
thickness, blood pressure, lipids, and insulin resistance (91).
The addition of micronized P or medroxyprogesterone acetate
to HRT regimens does not alter venous thromboembolism risk
(75, 76). However, the use of norpregnane derivatives
(nomegestrol acetate, promegestone), which are rarely used
in the U.S., increases venous thromboembolism risk up to
fourfold (75).

Fertility and Sterility®

Testosterone

In premenopausal women, endogenous T production is
~300 ug daily, with ~50% produced by the adrenal glands
and ~50% by the ovaries (92). Therefore, women with POI
have deficiencies not only in ovarian estrogen and P produc-
tion, but also in ovarian T production. Testosterone deficiency
may contribute to the symptomatology of POI, so there has
been interest in investigating the risks and benefits of T
replacement therapy in this population. Currently, there is
insufficient evidence to recommend the diagnosis or treat-
ment of T deficiency in women, even those with POI (93).

There was no benefit of T replacement on quality of life,
self-esteem, or mood demonstrated by a 12-month random-
ized placebo-controlled trial of physiologic T replacement in
women with 46,XX sPOI who were already receiving HRT
with E, and medroxyprogesterone acetate) (57). In another
small study in young women with Turner syndrome (n =
14; ages 17-27 years), treatment with 1.5 mg oral methyl T
for 1 year resulted in improvements in BMD. There were
also benefits in cardio metabolic risk factors (improved lipid
profiles, decreased fat mass, and increased lean body mass),
improvements in neurocognitive measures (attention and
memory), improved libido, and improved overall quality of
life, along with a favorable safety profile (94). Taken together,
and given their deficient ovarian androgen production, it ap-
pears likely that with more research, T replacement in physi-
ologic doses may ultimately prove to be of benefit to women
with POL

Dehydroepiandrosterone

Dehydroepiandrosterone is an endogenous androgen pro-
duced by the ovaries and adrenal glands, and plays a role in
ovarian folliculogenesis. Women with POI have lower levels
of androstenedione compared with normally cycling women
(95). DHEA is available over-the-counter in the U.S. because
it is considered to be a food supplement. Available evidence
does not support routine replacement use of DHEA for women
with POI (93). However, treatment with the use of DHEA has
been used in a few fertility centers to improve ovarian
response in women with ovarian insufficiency (96-98).
Yilmaz et al. demonstrated in a prospective study that
6 weeks of DHEA supplementation (25 mg orally three
times daily) in women with occult ovarian insufficiency
(“diminished ovarian reserve”) improved markers of ovarian
response, including serum FSH, antimiillerian hormone, and
inhibin B levels, and led to small increases in antral follicle
counts (97). Gleicher et al. (96) reported in a meta-analysis
of the use of DHEA that women with occult ovarian insuffi-
ciency or overt POI had improved reproductive outcomes on
the treatment. Taken together, however, the findings
regarding fertility-enhancing effects of DHEA in women
with ovarian insufficiency are still controversial and show
minimal clinical benefit at most.

Custom Compounding

Although customized, compounded HRT has become more
popular for women who require estrogen, progestin, and/or
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androgen replacement therapy, these formulations are not
recommended, because they are not regulated by the U.S.
Food and Drug Administration (FDA). Therefore, neither the
safety nor the efficacy of any compounded HRT regimen
has been appropriately evaluated. Actual levels of hormones
achieved with compounded HRT formulations are not readily
known, so the risks outweigh potential benefits (5).

SPECIAL POPULATIONS
Turner Syndrome

Turner syndrome, which is due to loss of part or all of one X
chromosome (45,X), affects approximately 1 in 2,500 girls
and women. It is the most common genetic cause of POI.
Although there is wide phenotypic variation among girls
and women with Turner syndrome, ~90% develop POI
(10). Ovarian function is most commonly lost early in life,
such that many girls with Turner syndrome require estrogen
replacement for induction of puberty and menarche, to pro-
mote bone accrual early in life and later, and to promote
maintenance of bone density. Girls and women with Turner
syndrome have an increased prevalence of low BMD for their
age and an increased fracture risk owing to chronic estrogen
deficiency, particularly if diagnosis and initiation of optimal
estrogen treatment are delayed (10, 99, 100). Therefore, it is
paramount that HRT be initiated in a timely fashion in this
population. In girls with Turner syndrome who do not
enter puberty spontaneously, estrogen replacement therapy
for puberty induction should start at approximately age
12, with gradually increasing doses until full physiologic
replacement doses are achieved, usually over ~2 years of
titration. Earlier guidelines recommended waiting to start
estrogen therapy until age 15 to avoid estrogen-induced
epiphyseal closure and reduction in height potential. How-
ever, it has been demonstrated that starting ovarian hor-
mone replacement that late has detrimental effects on
accrual of bone mass (10, 101). Women with Turner
syndrome should be educated about the importance of
compliance with the prescribed HRT regimen to maintain
normal BMD. Of note, BMD measurements should be
adjusted for skeletal size in women with Turner syndrome
because short statue leads to falsely low BMD readings if
not corrected (100). Women with Turner syndrome who are
appropriately treated with HRT starting in adolescence
have normal BMD after adjustment for skeletal size as
adults (102).

Adult women with Turner syndrome should be treated
with the use of physiologic replacement doses of E, and cyclic
progestin, as recommended for women with other forms of
POL. The preferred HRT regimen for women with Turner syn-
drome is 100 upg transdermal or transvaginal E, daily with
10 mg cyclic medroxyprogesterone acetate daily for 12 days
per month. This regimen is clinically available, supported by
the best evidence, and currently best mimics physiologic pat-
terns of normal ovarian function. Benefits of HRT in women
with Turner syndrome include bone protection, relief of
menopausal symptoms related to estrogen deficiency, and
likely protection from CVD.

Breast and Ovarian Cancer

In women with a history of breast cancer or ovarian cancer,
HRT is considered to be unsafe, and alternate measures
should be used to reduce the risks and symptoms associated
with POI (103, 104). These may include: 1) low-dose vaginal
estrogens or selective estrogen receptor modulators for vul-
vovaginal atrophy associated with estrogen deficiency; 2)
healthy lifestyle changes to reduce cardiometabolic risk; 3)
calcium and vitamin D supplementation and regular
weight-bearing exercise to promote bone health; and 4)
possibly antidepressants and/or psychotherapy if indicated
for depressed mood (103, 104).

Breastfeeding

According to FDA-approved drug labels, neither E, in oral or
transdermal forms nor hormonal contraceptives are recom-
mended to be used during breastfeeding. Small amounts of
hormone are transmitted via breast milk, which may cause
jaundice or breast enlargement in the neonate (105). Addi-
tionally, estrogen use may interfere with lactation by
decreasing the quantity and quality of breast milk (106). A
nursing mother with POI should be advised not to use HRT,
including contraceptive steroids, until she has completely
weaned her child (107).

After Age 50

The mean age of natural menopause is 50 + 4 years (108). The
decision of when and how to discontinue HRT in women with
POI needs to be individualized; each woman has her own
particular set of health needs. The fact that the occurrence
of natural menopause encompasses a broad range of ages
provides flexibility for the patient and clinician to decide
when to stop HRT. For example, women with a strong family
history of breast cancer might decide to stop HRT at age
45 years. Early age of menopause is associated with a reduced
risk of breast cancer (109). Nevertheless, women with BRCA 1
and 2 gene mutations treated with estrogen until age 50 years
do not show any increase in risk for developing breast cancer
(110, 111). On the other hand, a woman with a strong family
history of osteoporosis or cardiovascular disease might wish
to continue HRT until age 55 years. Later age of menopause
is associated with a reduced risk of osteoporosis and CVD
(43, 112-115). Women with POI can be reassured that lower
postmenopausal doses of HRT, when initiated within
10 years after menopause onset, have been associated with
overall favorable risk-benefit profiles, including decreases
in menopausal symptoms, fractures, CVD, type II diabetes
mellitus, and mortality (116).

CONCLUSION

Physiologic HRT is paramount to the health and quality of life
of women with POI or early menopause. The choice of HRT
should closely mimic normal ovarian steroid hormone pro-
duction and provide sufficient levels of E, to reduce meno-
pausal symptoms, maintain bone density, minimize
psychologic impacts of estrogen deficiency, and protect
against early progression of CVD and dementia. The progestin
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component of HRT for women with POI should be cyclical and
will protect the endometrium by inducing regular withdrawal
bleeds. HRT should be continued until the age of natural
menopause, at which time the dose may be tapered to post-
menopausal levels or stopped, depending on a woman'’s spe-
cific risks and needs. Clinicians need to be aware of how to
diagnose and treat POI so that women affected by this disor-
der do not encounter unnecessary health risks later in life.
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