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ABSTRACT

Objective: The objective of the present document was to review/summarize reported outcomes
compared between menopausal hormone therapy (MHT) containing estradiol (E2) versus other
estrogens and MHT with progesterone (P4) versus progestins (defined as synthetic progestogens).
Methods: PubMed and EMBASE were systematically searched through February 2021 for studies
comparing oral E2 versus oral conjugated equine estrogens (CEE) or P4 versus progestins for
endometrial outcomes, venous thromboembolism (VTE), cardiovascular outcomes, breast outcomes,
cognition, and bone outcomes in postmenopausal women.

Results: A total of 74 comparative publications were identified/summarized. Randomized studies
suggested that P4 and progestins are likely equally effective in preventing endometrial hyperplasia/
cancer when used at adequate doses. E2- versus CEE-based MHT had a similar or possibly better
risk profile for VTE and cardiovascular outcomes, and P4- versus progestin-based MHT had a similar
or possibly better profile for breast cancer and cardiovascular outcomes. E2 may potentially protect
better against age-related cognitive decline and bone fractures versus CEE; P4 was similar or possibly
better versus progestins for these outcomes. Limitations are that many studies were observational
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and some were not adequately powered for the reported outcomes.
Conclusions: Evidence suggests a differential effect of MHT containing E2 or P4 and those containing
CEE or progestins, with some evidence trending to a potentially better safety profile with E2 and/or P4.

Introduction

Menopausal hormone therapy (MHT) with estrogen alone or in
combination with a progestogen is widely used to prevent or
treat menopause-related hot flushes, night sweats, dyspareunia,
vaginal dryness, and osteoporosis in postmenopausal women [1].
The most commonly prescribed estrogens are estradiol (E2) and
conjugated equine estrogens (CEE), while the common progesto-
gen choices include natural progesterone (P4) and those derived
from progesterone or testosterone, such as medroxyprogesterone
acetate (MPA) and norethisterone acetate (NETA) (i.e. progestins,
defined as synthetic progestogens).

Results from the Women’s Health Initiative (WHI) study of
CEE plus MPA raised safety concerns of MHT [2, 3]. Many
women discontinued MHT, especially oral estrogens or estrogens/
progestins, following these publications [4], and use of E2- and
P4-containing MHT increased [5].

The objective here was to review and summarize clinical
data from studies/publications directly comparing the effects
of oral E2 versus CEE and P4 versus progestins on endometrial
outcomes, venous thromboembolism (VTE), cardiovascular
disease (CVD) outcomes, stroke, breast outcomes, cognition,
bone outcomes, vasomotor symptom (VMS), and quality of
life (QOL).

Methods
Data sources and searches

The concept of this review stemmed from a request by the US
Food and Drug Administration to provide data supporting a
therapeutic benefit of low-dose estradiol/progesterone over
low-dose estrogen/progestin products. PubMed and EMBASE
were systematically searched from inception through February
2021, using keywords: endometrium, endometrial, cardiovascular,
coronary, VTE, thrombosis, myocardial infarction (MI), coronary
artery bypass graft (CABG), stroke, coagulation, lipids, hyper-
tension, blood pressure (BP), mortality, breast, cognition, bone,
hot flush, VMS, QOL, weight, metabolic, and sleep, in conjunc-
tion with (E2 and menopause) or (P4 and menopause). Relevant
studies were also identified from review articles.

Study selection

English-language clinical studies, including meta-analyses, com-
paring formulations with different estrogens or different pro-
gestogens were included. Only studies on oral E2 and oral CEE
were included for estrogen comparisons. Some large observa-
tional studies comparing risks for different formulations
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side-by-side were included given the breadth of data. Studies of
transdermal estrogens were included only if they compared oral
P4 with another progestogen during transdermal estrogen use.
Comparisons of P4 versus progestins were limited to oral regi-
mens as transdermal P4 does not provide adequate endometrial
protection [6].

Data extraction and summary

Four authors/reviewers independently screened the search results
for eligible studies. One author extracted details of study design,
patient population, interventions, and targeted outcomes for
effects of E2 versus CEE and P4 versus progestins, and a medical
writer quality checked the accuracy of data extraction.

Data from the identified studies were not reported/published
in a way appropriate to generate a meta-analysis. Results from
all identified trials with comparisons were summarized based
on study quality by study design with any randomized controlled
trials (RCTs) summarized first followed by observational studies,
then by study size. Tables of evidence were generated, studies
were organized by main outcome, and conclusions were made
based on the overall trend of the reported data.

Results
Article review

Twenty-eight articles comparing oral E2 versus CEE [7-34] and
48 articles comparing oral P4 versus progestins were identified
(3 studies had both comparisons; Figure 1) with relevant out-
comes [21, 28, 34-79]. Among these articles, 32 reported find-
ings from prospective, randomized studies or RCTs [7, 22-25,
51-77]; 19 from prospective, observational/interventional trials
[11-18, 26, 33, 36, 43-50]; 18 from retrospective or
cross-sectional, observational studies [8, 19-21, 27-32, 34, 35,
37-40, 78, 79]; and 4 from meta-analyses [9, 10, 41, 42]. A
recently presented retrospective observational study comparing
E2/P4 versus CEE/MPA was also included [80].

Endometrial outcomes

Details of the clinical studies included in this section can be
found in Table 1.

Thickness, hyperplasia and cancer

The effect of unopposed estrogens on endometrial thickness
was evaluated in one randomized study, which showed that
estrogen has a dose-dependent effect on the endometrium, with
the 1mg E2 and 0.625mg CEE having similar estrogenic
effects [7].

Three randomized studies, including the Postmenopausal
Estrogen/Progestin Interventions (PEPI) trial [51], showed that
the addition of 200mg P4 to estrogens versus other progestogens
(10mg MPA, 10mg dydrogesterone [DYD], 5mg nomegestrol
acetate, 10 mg chlormadinone acetate [CMA]) similarly counter-
acted the effects of the estrogens on endometrial thickness,
hyperplasia, and other endometrial biopsy observations [51, 53,
54, 56]. Another randomized study reported a similar proportion
of women with increased endometrial thickness >5mm with
estradiol valerate plus 100mg P4 or 4mg MPA [63].

Endometrial cancer risk was evaluated in two large European
(1992-2000) [43] and French (1990-2008) [44] observational
studies, which reported increased risks with current or ever use
[43, 44] or >5years use (but not <5years) [44] of estrogens plus
P4 versus no hormone use, while estrogens combined with pro-
gestins were not associated with an increased risk [43, 44].
However, P4 doses were not reported in either study, a limitation
of these observational studies.

Uterine bleeding

One randomized study directly compared unopposed E2 or CEE
and reported similar unscheduled vaginal bleeding with 1.0 mg
E2 and 0.625mg CEE, but significantly less with 0.5mg E2
(versus CEE) [7]. Two randomized studies showed that women
using 200mg P4 cyclically with oral CEE (0.625mg) had fewer
days of bleeding [52, 55], had less blood flow [52, 55], and more
were amenorrheic [52] than when using MPA (5mg). Two other
randomized studies showed that when P4 (200mg, cyclic) was
used with transdermal E2 (50pg), irregular bleeding occurred
more frequently than with cyclic MPA (10mg) [56], nomegestrol
acetate (5mg) [56], DYD (10mg) [56], or CMA (10mg) [53].
However, amenorrhea rates were 37.1% with P4 and 11.9% with
CMA in one study [53], while the proportions of amenorrhea
cycles were similar between all progestogens in the other
study [56].

Cardiovascular and thrombotic outcomes

Details of the design and results of the clinical studies included
in this section can be found in Table 2.

VTE and coagulation factors

Risk for VTE was similar or lower with oral E2 than with CEE
in 4 observational studies (Figure 2A) [12, 27, 31, 32]. In the
Million Women Study (MWS), a similar but significant increase
in VTE risk was observed with oral E2 (RR 1.45) or CEE alone
(RR 1.46) when comparing current vs never users [12]. Similarly,
another case-control study (n=280,396) showed an increase in
VTE risk with E2 (OR 1.27) or CEE (OR 1.49) alone when
comparing current users vs non-users [31]. When directly com-
paring CEE with E2, two case-control studies reported a sig-
nificantly greater VTE risk with CEE than with E2 [27,31].
However, a recent retrospective cohort study found a similar
VTE risk with MHT containing oral E2 or CEE, which did not
support a differential effect of E2 compared with CEE on
VTE [32].

Surrogate markers of coagulation were reported in some stud-
ies. Furthermore, a cross-sectional study (n=282) of coagulation
parameters found a more pro-thrombotic profile with CEE versus
E2 [13]. This is in contrast to an older and smaller (n=235)
randomized study, which showed the opposite with increased
plasminogen activity with CEE (0.625 and 1.25mg) but not E2
(1 and 2mg), and decreased thrombin time with 1 mg E2 but
not with other regimens versus placebo [24].

When evaluating the effects of progestogens on VTE, three
large observational studies (Estrogen and Thromboembolism
Risk [ESTHER], Etude Epidémiologique de femmes de I'Educa-
tion Nationale [E3N], and Menopause, Estrogen, and Veins
[MEVE]) found increased VTE risk with MHT with norpregnane
derivatives but not with P4 or pregnane derivatives (Figure 2B)
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Figure 1. Study selection follow chart. CEE: conjugated equine estrogens; E2: estradiol; P4: progesterone; QOL: quality of life; VMS: vasomotor symptoms. Three
articles reported outcomes with both E2 versus CEE and P4 versus progestins. "Thirteen articles reported multiple outcomes with P4 versus progestins.

[36, 38, 78]. A recently presented retrospective cohort study
found a lower VTE risk in women who initiated E2/P4 versus
CEE/MPA (Figure 2B) [80].

Hemostasis data, other surrogate measures, with transdermal
estrogens plus different progestogens were consistent with clinical
VTE risk data [37, 39]. One French study found that norpreg-
nanes were associated with lower activated protein C (APC)
sensitivities and higher prothrombin fragment 1+2 concentra-
tions [37], and another that progestins increased thrombin gen-
eration [39]; no significant changes on any hemostatic or

thrombin generation parameters were seen with P4 in either
study [37, 39].

CVD Outcomes

Various CVD risks with CEE or E2 were reported in three
observational studies (Figure 2A) [14, 27, 29]. Risks for major
coronary heart disease (CHD), stroke, or total CVD with oral
E2 formulations were not significantly different from those with
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10 S.GRAHAMET AL.

( A) Outcome  Reference Comparison Estrogen
VTE Sweetland 2012 Currentvs never  E2
[12] CEE
Smith 2014 [27] CEEvs E2 VTE
Mi
Ischemic stroke
Vinogradova Users vs no users  E2 unopposed
2019 [31] CEE unopposed
E2 opposed
CEE opposed
E2 vs CEE Unopposed
Opposed
Blondon 2021 [32]  E2 vs CEE Unopposed
(all users) Opposed
Opposed and
unopposed
E2 vs CEE Opposed and
(incident users) unopposed
VD Shufelt 2014 [14] E2 vs CEE N/A
Major CHD  Shufelt 2014 [14] E2 vs CEE N/A
AF Tsai 2016 [29] CEE vs E2 N/A
MACE Tsai 2016 [29] N/A
Stroke Shufelt 2014 [14] E2 vs CEE N/A
Tsai 2016 [29] CEEvs E2 N/A
Breast Bergkvist 1989 [33] User vs nonuser  E2 compounds
cancer CEE
Other Es
Bakken 2011 [15]  Currentvs never CEE/E2
CEEvs E2
Brusselaers Ever vs never E2
2018 [16] CEE
Currentvs never  E2
CEE
Shufelt 2018 [17] N/A E2vs CEE
Zeng 2018 [28] Ever vs never CEE
Bioidentical Es
Abenhaim 2022 [34] Ever vs never Bioidentical Es
CEE
B
( ) Outcome C
VTE Canonico Current vs nonuser P4
2007 [38] Pregnane der
Norpregnane der
Canonico Current vs nonuser P4
2010 (36) Pregnane der

Panay 2022 [80] E2/P4 vs CEE/MPA
Recurrent Olie 2011 [78] ~ Current vs nonuser
VTE
Ischemic ~ Canonico Current vs nonuser
Stroke 2016 [35]

(C)  outcome Reference Comparison
Breast Fournier Incident vs never
cancer 2005 [45]

Espié Use vs no use
2007 50]

Fournier Ever vs never
2008 [46]

Cordina- Currentvs
Duverger nonuse
2013(79]

Fournier Current vs never
2014(49]

Asi 2016 [41] Meta-analysis
Yang 2017 [42] Meta-analysis

Zeng 2018 (28]

CEE/MPA vs bioidentical

Ever vs never

Abenhaim 2022 [34] Ever vs never

Norpregnane der
NETA

N/A

P4

Pregnane der
Norpregnane der

Pregnane der
Nortestosterone der
Norpregnane der

Progestogen
TD Es/P4
TD Es/progestins
Oral Es/progestins
TDE2/P4
TD E2/progestins
Oral E2/progestins.
Oral estrogens plus:
DYD
MDG
CMA
cPA
PMG
NOMAC
NETA
MPA
estrogens plus:
P4
DYD
MDG

cMA

PMG

NOMAC
P4
Progestins.
P4 derivatives
Testosterone der
P4/DYD
Other progestins
P4 vs progestins
MPA
NG
NETA
DYD
1
Mixed progestogens
CEE/MPA
Synthetic E/P
Bioidentical /P4
N/A
P4

0

Progestins

Risk (95% C1)

RR 1.45 (1.06-1.98)
RR 1.46 (1.23-1.75)
OR 2.08 (1.02-4.27)
OR1.87 (0.91-3.84)
OR1.13 (0.55-2.31)
OR1.27 (1.16-1.39)
OR 1.49 (1.39-1.60)
OR 1.59 (1.49-1.69)
OR1.91 (1.79-2.05)
OR 0.85 (0.76-0.95)
OR0.83 (0.76-0.91)
HR 1.06 (0.69-1.63)
HR0.30 (0.04-2.22)
HR 0.96 (0.64-1.46)

HR0.83 (0.42-1.62)

HR0.93 (0.71-1.23)
HR 1.13 (0.79-1.61)
HR 1.96 (1.03-3.73)
HR 1.26 (1.03-1.54)
HR 0.64 (0.40-1.02)
HR 1.30 (1.04-1.62)
RR12 (1.0-1.4)

RR11 (0.9-15)

RR1O (0.8-1.3)

RR 1.42 (1.23-1.64)
RR 1.15 (0.78-1.69)
OR0.89 (0.84-0.94)
OR 1.33 (1.00-1.77)
OR1.12 (1.04-1.20)
OR 4.47 (2.67-7.48)
HR 1.20 (0.84-1.39)
HR0.31 (0.25-0.38)
HR 0.65 (0.49-0.85)
OR 1.04 (1.00-1.09)
OR1.01 (0.96-1.06)

Figure 2A

H-
-l

T

Risk (95% Cl)
ORO.7 (03-19)
OR0.9 (0.4-2.3)
OR3.9 (1.5-10.0)
HRO.9 (0.6-1.5)
HR13 (0.9-2.0)
HR18 (1.2-2.7)
HR14 (0.7-2.4)
HR 0.59 (0.38-0.90)
HR10 (0.3-3.2)
N/A

HR4.7 (1.1-20.0)
OR 0.78 (0.49-1.26)
OR 1.00 (0.60-1.66)
OR 1.26 (0.62-2.58)
OR 2.25 (1.05-4.81)

mn
T 1T
50 7.5

LI B I S B B e

15 20 25

LIS I e e s e

0.5 1.0 3.0 3.5 4.0 4.5

Hazardous Risk

0

Risk (95% Cl)
RRO0.9(0.7-1.2)
RR1.4(12-17)

RR L5 (11-1.9)
RR0.46 (0.13-1.62)
RR 1.07 (0.5-2.27)
RR0.81 (0.23-2.85)

RR0.77 (0.36-1.62)
RR 2.74 (1.42-5.29)
RR 2.02 (1.00-4.06)
RR 2.57 (1.81-3.65)
RR1.62 (0.94-2.82)
RR1.10 (0.55-2.21)
RR 2.11 (1.56-2.86)
RR 1.48 (1.02-2.16)

RR 1.08 (0.89-1.31)
RR 1.18 (0.95-1.48)
RR 2.03 (1.39-2.97)
RR 1.48 (1.05-2.09)
RR 1.52 (1.19-1.96)
RR 1.60 (1.28-2.01)
OR0.80(0.44-1.43)
OR1.72(1.11-2.65)
OR1.57(0.99-2.49)
OR3.35(1.07-10.4)
HR1.22(1.11-1.35)
HR 1.87 (1.71-2.04)
RR 0.67 (0.55-0.81)
OR1.19(1.07-1.33)
OR1.47(1.17-1.85)
OR1.44 (1.26-1.65)
OR1.10(0.89-1.36)
OR1.00(0.83-1.20)
OR1.99(1.57-2.52)
HR0.43 (0.28-0.67)
HR1.03(0.84-1.27)
HR1.05 (0.59-1.85)
HR0.25(0.12-0.55)
OR0.99(0.55-1.79)

L e e

05

LI e o i e s o L
1.0 15 2.0 25 3.0 35 4.0 45 5.0 20.0

Hazardous Risk

OR1.28(1.22-1.35)
0

L =} S
L B e e e e B e e L e e e i ]
15 2.0 25 3.0 35 4.0 45 5.0 0.0

T T T T T TT
0.5 10

Hazardous Risk

Figure 2. Outcomes with E2 versus CEE and P4 versus synthetic progestogens. (A) Cardiovascular outcome and breast cancer risks with estrogens. (B) Cardiovascular
outcome risk with progestogens. (C) Breast cancer risk with progestogens. AF: atrial fibrillation; CEE: conjugated equine estrogens; CHD: coronary heart disease;
Cl: confidence interval; CMA: chlormadinone acetate; CPA: cyproterone acetate; CVD: cardiovascular disease; der: derivatives; DYD: dydrogesterone; E: estrogen; E2:
estradiol; Es: estrogens; HR: hazard radio; LNG: levonorgestrel; MACE: major adverse cardiac event; MDG: medogestone; MPA: medroxyprogesterone acetate; NETA:
norethisterone acetate; NOMAC: nomegestrol acetate; OR: odds ratio; P: progestin; P4: progesterone; PMG: promegestone; RR: relative risk; TD: transdermal; VTE:

venous thromboembolism.
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CEE (0.625mg) in the WHI observational study (WHI-OS) [14].
Similarly, no differences in risk for MI and ischemic stroke were
observed between CEE or E2 in a case-control study [27]. Finally,
a population-based, cohort study found women had higher risk
of new-onset atrial fibrillation (AF), stroke, and major adverse
cardiac events when using CEE than E2 [29].

One case-control comparative study examining CVD risk
among progestogens showed that current users of E2 plus nor-
pregnane derivatives had an increased risk for ischemic stroke,
but this was not observed with E2 plus P4, pregnane derivatives,
or nortestosterone derivatives (Figure 2B) [35].

Lipids

Two prospective studies investigated plasma lipids, a surro-
gate marker for CVD risk, with different oral estrogens. The
first study found an improved lipid profile and decreased
homocysteine level in women using E2 or CEE alone versus
no use [11]. The other study was small (n=6 per group)
and found no significant lipid changes with any estrogen,
except for significant decreases in low-density lipoprotein
cholesterol (LDL-c) from baseline with CEE (0.625mg) and
E2 (1 mg) [26].

Four randomized trials showed that the use of P4 had no
adverse lipid effects in postmenopausal women. In the PEPI
trial, women using CEE plus cyclic P4 had similar high-density
lipoprotein cholesterol (HDL-c) levels to those using CEE-alone
but significantly higher levels than with CEE plus cyclic or
continuous MPA; all regimens decreased LDL-c and increased
triglycerides compared with placebo [66]. Similarly, another
study reported significant increases in HDL-c and decreases
in LDL-c with CEE (0.625mg) when combined with P4
(100mg) or DYD (10mg); while triglycerides only significantly
increased with DYD [64]. In another study using E2V, HDL-c
levels remained unchanged with P4, but significantly decreased
with MPA, while triglycerides did not change with either reg-
imen [63]. Finally, a study of transdermal E2 plus P4 or CMA
revealed little impact of either on total cholesterol and tri-
glycerides [53].

Blood pressure

No studies comparing oral E2 with CEE on the effects on BP
were identified. Five randomized studies showed similar or better
effects of MHT containing P4 versus other progestogens. The
PEPI trial [66] as well as two other randomized trials [63, 64]
found no changes from baseline in systolic BP (SBP) and dia-
stolic BP (DBP) with oral CEE or E2V when combined with P4
or MPA [63, 66], or DYD [64], except for a significant decrease
in DBP for CEE/P4 (0.3 mg/100 mg) [64]. Further, one random-
ized study showed that SBP and DBP decreased from baseline
with E2/P4, but increased with E2/CMA [53]. Finally, a RCT
found that SBP and DBP reactivity during stress tended to
decrease after 8 weeks of estrogen/P4, while estrogen/MPA main-
tained SBP reactivity and significantly increased DBP reactiv-
ity [77].

Breast

Details of the clinical studies included in this section can be
found in Table 3.

Breast cancer

Effects of MHT containing E2 or CEE on the breast were com-
pared in six observational studies (Figure 2A) [15-17, 28, 33,
34]. The European Prospective Investigation into Cancer and
Nutrition (EPIC) trial [15], the WHI-OS trial [17], and one
prospective study [33] showed that breast cancer risk increased
in estrogen-only users but with no significant difference between
CEE and E2 users. The prospective study also showed that breast
cancer risk significantly increased with longer duration of E2
products, but not CEE [33]. Increased breast cancer risk with
E2 or CEE in current users was also observed in a Swedish
retrospective study, with CEE having a higher risk than E2 [16].
However, the same Swedish study found that the risk of breast
cancer remained similar in ever users of CEE and decreased in
ever users of E2 [16]. Finally, a retrospective analysis showed a
decreased breast cancer risk with either bioidentical estrogens
or CEE alone [28], while a more recent retrospective study found
no association of MHT containing bioidentical estrogens or CEE
with breast cancer [34].

Various analyses of the E3N observational study, including
the E3N-EPIC study, and two case-controlled studies found
increased breast cancer risk with MHT containing progestins
but not progesterone (Figure 2C). The French E3N study
(n=80,377) showed elevated breast cancer risk with transdermal
estrogens plus progestins (medogestone [MDG]/CMA/promege-
stone [PMG]/norethisterone acetate [NETA]) but not with P4
or DYD for overall risk and by 2-year increments of MHT
duration [46]. Similar results were also reported in the E3N-EPIC
(n=>54,548) [45] and two case-control studies (n=1555 and
475,013, respectively) [34, 79]. When the E3N data were analyzed
by years from menopause, breast cancer risk did not increase
with P4 with <5years of use or when initiation was >3 years
after menopause, but it did increase with >5years of duration
or when MHT was initiated <3years from menopause; other
progestogens, except DYD, increased breast cancer risk when
used for 2 to 10years [48]. When analyzed by current versus
never use, breast cancer risk was found elevated in both P4/
DYD and other progestin groups, while past versus never use,
showed an increased risk with past use of estrogen/progestins,
but not with estrogen plus P4/DYD ([49]. Finally, the neutral
effect of estrogen plus P4 was also consistent by breast cancer
subtype (ductal or lobular), while increased risk was associated
with estrogen/DYD for the lobular subtype and with estrogen/
other progestins for all subtypes studied [47]. Two meta-analyses
had results consistent with the observational studies, with P4
associated with lower breast cancer risk versus progestins
[41, 42].

Only two studies showed no difference between P4 and other
progestins for breast cancer risk. One prospective French cohort
study showed no increase in breast cancer risk with E2 with P4
nor progestins [50], while the other showed no increase in breast
cancer for synthetic estrogens/progestins or bioidentical estro-
gens/P4 and a significantly lower risk with CEE/MPA from
baseline and when compared with bioidentical estrogens/P4 [28].

Breast density and breast tenderness

One prospective study evaluated the effects of E2 vs CEE on
mammographic breast density (MBD), which showed no signif-
icant difference between the two groups [18].

Studies focusing on breast tissue changes revealed similar or
better effects for P4- versus progestin-containing MHT on MBD



[68-71] and breast tenderness [55, 58, 65]. In the PEPI trial,
MBD analyses found that women taking CEE with MPA or P4
had significant increases in breast density compared with placebo
at month 12, but with no difference between groups [69-71].
Similarly, women using CEE with MPA or P4 also had higher
odds of breast discomfort compared with placebo, with no dif-
ference between MPA versus P4 [68,71]. A randomized study
comparing E2V with P4 or MPA found more breast tenderness
with P4 than with MPA (36.7% vs 14.3%) at 3 months [57], but
not at 6 and 12months [58, 65]. While one small prospective
study (n=23) showed more breast tenderness cases with CEE/
MPA than CEE/P4, no statistical analysis was performed, and
neither P4 or MPA alone were associated with breast tender-
ness [55].

Cognition

Observational studies and a meta-analysis comparing different
estrogens on cognitive outcomes reported mostly better outcomes
with E2 than CEE (Supplementary Table 1). The meta-analysis
of 36 RCTs showed that cognition tended (p = .1) to be slightly
worse with CEE versus E2 alone [9]. A small retrospective study
showed a better neural response in women using opposed CEE
or opposed E2 versus MHT-naive women; however, verbal learn-
ing and recall performance was worse in CEE than E2 users
[19]. Postmenopausal women at risk for dementia or Alzheimer’s
disease (AD) taking MHT for >1year had better cognitive out-
comes with E2 versus CEE [20-22], including E2 users perform-
ing significantly better in verbal memory [20, 21] and with a
significantly higher brain metabolism level versus CEE users
[20]. Two years after either continuing or discontinuing MHT,
women who had used E2-based MHT had better verbal memory
(p = .01) than those who had used CEE-based MHT [23], while
continued CEE use and discontinuation of E2 use significantly
decreased cerebral metabolism [22].

Two small studies provided head-to-head comparisons of
MHT containing P4 versus progestins for their influence on
cognition (Supplementary Table 1). A 12-week RCT of women
using CEE plus cyclic P4 or MPA found significantly improved
working memory and significantly decreased delayed verbal
memory with CEE/P4; while no changes with CEE/MPA were
observed [72]. Verbal memory, visual memory, executive func-
tion, or attention/working memory/processing speed did not
differ with >1-year use of MHT containing P4 versus MPA in
a cross-sectional study of women with increased AD risk [21].

Bone

A systematic review and meta-analysis of 28 RCTs found that
MHT containing either E2 or CEE reduced bone fracture risk
versus placebo with a significantly greater reduction with E2
than with CEE (Supplementary Table 1) [10].

Head-to-head comparisons of MHT containing P4 or other
progestins on bone mineral density (BMD) did not show sig-
nificant differences (Supplementary Table 1). In the PEPI trial,
CEE with P4 or MPA significantly increased spinal and hip
BMD from baseline to 3years, in contrast to the decrease with
placebo; CEE with continuous MPA was significantly better than
CEE with cyclic MPA/P4 for spinal BMD [67]. Three other
randomized, open-label studies also found improved BMD and
bone metabolism from baseline with no differences between
groups for transdermal E2 with continuous P4 or MPA [59], or
oral CEE with cyclic P4 or DYD [73, 74].
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Menopausal symptoms and QOL

Study details for this section can be found in the Supplemental
Materials and Supplemental Table 1. For the most part, outcomes
were similar between formulations for vasomotor symptoms and
body weight and composition. Limited evidence suggests that
P4 may provide better QoL and sleep than other
progestogens.

Discussion

This comprehensive literature review of clinical studies compar-
ing the safety and effectiveness of MHT containing E2 versus
CEE and of P4 versus progestins found some differential effects
between these different formulations, suggesting a mostly similar
or better safety profile with E2 and/or P4. Most of the studies
revealed similar or lower risk for breast cancer, VTE, cardio-
vascular outcomes, and cognitive parameters for E2- or P4-based
MHT compared with CEE- or progestin-based MHT, respectively.
Data suggest that E2- or P4-containing formulations are as effec-
tive as other estrogens or progestogens for relieving menopausal
symptoms and maintaining bone health, but with potentially
better tolerability.

Concomitant progestogen use with estrogen therapy is indi-
cated in postmenopausal women with a uterus for endometrial
protection [1]. Although a systematic review reported an
increased risk of endometrial cancer with P4-containing MHT
[81] mainly based on results from the two observational studies
described [43, 44], randomized-controlled studies showed that
P4 prevents endometrial hyperplasia, offering similar endometrial
protection, compared with progestins when used at an adequate
dose [51, 53]. The most recent, phase 3, randomized,
placebo-controlled trial, REPLENISH, demonstrated adequate
endometrial protection with P4 when given with E2 for meno-
pausal symptom control [82, 83].

Initial publication of increased risk of CHD, VTE, and breast
cancer with CEE/MPA in the WHI raised concerns of cardio-
vascular diseases and breast cancer with MHT use [2, 3]. Our
review of large, observational studies of MHT, including MWS,
WHI-OS, EPIC, ESTHER, and E3N, showed that E2 has similar
or lower risk compared with CEE on the breast and cardiovas-
cular outcomes including VTE [12, 14-17, 29, 31, 32, 34], and
similarly, P4 had a risk profile similar to or better compared
with progestins for these outcomes [34-36, 38, 45-48, 50, 78,
79]. In addition, the randomized, placebo-controlled PEPI trial
showed no negative impact of CEE/P4 on lipids [66] and com-
parable effects on breast density or breast discomfort with CEE/
P4 and CEE/MPA [68-71]. A lower risk for VTE with E2/P4
versus CEE/MPA was also observed in a retrospective study [80].

Whether MHT could protect against cognitive aging and
dementia in postmenopausal women has been inconclusive [84].
Outcomes in cognition tests from a limited number of smaller
studies suggest that E2 could provide better protection against
age-related cognitive decline versus CEE [20-23], whereas effects
of P4 were similar to or better than MPA [21, 72]. However,
additional studies are necessary to conclude whether P4 influ-
ences cognitive function differently from other progestogens.

Data from prospective, randomized trials, including PEPI,
revealed similar improvements in bone health with P4-based
MHT versus MPA- or DYD-based MHT [59, 67, 73, 74], while
a meta-analysis reported a greater reduction in total fractures
with MHT containing E2 versus CEE [10]. Moreover, compar-
ative studies showed that the influence on VMS reduction and
body weight or composition was similar for MHT containing
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E2 versus CEE [8, 25] or P4 versus progestins [53, 55, 60, 62,
66, 68, 75, 76], while QOL and sleep disorders appeared to be
similarly or better improved with P4-based versus progestin-based
MHT [40, 52, 57, 60, 61, 63, 76, 77].

Our review has limitations. Studies included are of diverse
designs and few RCTs directly compared E2 versus CEE or P4
versus progestins. Many studies were observational, and there-
fore, could not exclude selection bias. Details of hormone use,
such as specific products or exact doses, are often unknown
in observational studies. For example, in patients receiving
P4-based MHT, different estrogen types or products could have
been used, which can influence the results. Sample sizes of the
studies also varied largely, and some studies may not have been
adequately powered for the reported outcomes. In addition, we
also acknowledge that when individualizing MHT for women,
there may be certain advantages to utilizing transdermal E2
over oral estrogens because transdermal E2 bypasses the
first-pass hepatic effect, especially on VTE risk [85]. However,
given the breadth of that literature and the aim of our review,
we considered that topic beyond the scope of this article and
did not include studies comparing transdermal and oral estro-
gens as part of our study inclusion criteria. While we also
believe performing a meta-analysis of the results from the
identified studies would help quantify the differences in hor-
mones reviewed, given the inconsistencies in data reporting
between studies and within outcomes, a meta-analysis was not
feasible. Another limitation of the review process was having
access only to PubMed and EMBASE databases for searching.
Nevertheless, this is a comprehensive and systematic review of
the available literature on the differential effects of E2 versus
CEE and P4 versus progestins, which could provide insights in
the benefit/risk profile of MHT containing E2 and P4 that
could be considered when prescribing women MHT and devel-
oping related guidelines.

Conclusion

Current evidence supports that MHT containing E2 and/or P4
is a safe and effective MHT option, and provides a similar and
possibly better safety profile for some endpoints compared with
CEE-based or progestin-based MHT.
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