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Abstract 

Context: This mini-review provides an overview of menopausal hormone therapy (HT) 
and cardiovascular disease (CVD) risk, with a focus on the role of hormone formulation, 
dose, and route of delivery.
Methods: This summary is based on authors’ knowledge in the field of menopausal HT 
and supplemented by a PubMed search using the terms “menopause hormone therapy,” 
“transdermal,” “estradiol,” “conjugated estrogens,” “bioidentical,” “cardiovascular 
disease,” “lipoproteins,” “glucose,” “progestogens,” “low dose.”
Results:  Available evidence indicates that oral unopposed estrogens have a favorable 
effect on lipoprotein levels, glycemia, insulin, and CVD risk; however, the addition 
of progestogens blunts the lipid-related effects. The progestogen with the smallest 
attenuating effect is micronized progesterone. Transdermal estrogens have less effect 
on coagulation, inflammation, and lipids than oral estrogens and observational studies 
suggest they pose a lower risk of venous thromboembolism and stroke than oral 
estrogens. Clinical effects of hormones were not consistently dose dependent.
Conclusions:  Although HT continues to have an important role in menopause 
management, it is not recommended for primary or secondary CVD prevention. Different 
formulations, doses, and routes of delivery of HT have different effects on cardiometabolic 
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markers and risks of clinical CVD events. However, long-term trials evaluating clinical 
outcomes with transdermal and other alternate HT regimens are limited.

Key Words: menopause, hormone therapy, estradiol, transdermal, cardiovascular disease

Throughout the late 1990s, menopausal hormone therapy 
(HT) was one of the most commonly prescribed pharma-
ceuticals on the market. At that time, prescribing guidelines 
were primarily based on animal and observational studies, 
which consistently reported a 40% to 50% reduction in 
coronary heart disease (CHD) in HT users compared with 
nonusers (1). Many women were started on HT not only 
for relief of vasomotor symptoms, but also for its purported 
cardioprotection and prevention of other chronic diseases. 
Over the past 2 decades the understanding of HT and car-
diovascular disease (CVD) risk has shifted after several piv-
otal randomized clinical trials (RCTs) in postmenopausal 
women. The Heart and Estrogen/progestin Replacement 
Study (HERS) and the Women’s Health Initiative (WHI) 
trials did not find benefit for primary or secondary CVD 
prevention and some women, especially those enrolled at 
older ages and longer intervals since menopause onset, ex-
perienced increased CVD events (2-5).

Today, the HT options available to treat vasomotor 
symptoms extend beyond the regimens studied in the 
HERS and WHI (conjugated equine estrogens [CEEs] with 
or without medroxyprogesterone acetate [MPA]), raising 
the question whether the same risks can be generalized 
to other forms of HT. Lower-dose formulations are avail-
able, as are nonoral routes of administration, specifically 
transdermal. Also, the Food and Drug Administration has 
approved several “bioidentical” hormone formulations, 
such as estradiol and micronized progesterone. While HT 
remains the most effective option for vasomotor symp-
toms, there are no large-scale RCTs allowing for head to 
head comparisons based on formulation, dose, and route 
of delivery with respect to CVD events. This mini-review 
provides an overview of HT and cardiovascular risk with 
respect to formulation, dose, and route of delivery based on 
the available evidence, including effects on CVD risk fac-
tors, biomarkers, intermediate “surrogate” endpoints, and/
or clinical CVD events.

Estrogen Alone vs Estrogen ± Progestogens

Effect on CVD risk factors

One reason estrogen was thought to be cardioprotective 
was its favorable effect on lipid and lipoprotein levels. 
Many studies found that estrogens lowered low-density 
lipoprotein cholesterol (LDL-C) and raised high-density 
lipoprotein cholesterol (HDL-C). Walsh et al. were among 

the first to study this by formulation and route of delivery, 
and randomized women with normal lipoproteins in a 
double-blind crossover trial to oral estradiol (2  mg/day), 
oral CEE (0.625 mg or 1.25 mg/day), transdermal estradiol 
(0.1 mg/day), or placebo for 6 weeks. Oral estradiol and 
CEE lowered LDL-C and raised HDL-C levels by approxi-
mately 15%, with higher doses of CEE not augmenting 
this effect (6) (Table 1). Oral estrogens also increased tri-
glycerides in a dose-dependent manner. Transdermal 17β-
estradiol had minimal effect on lipoprotein levels. These 
data suggested that the first-pass hepatic metabolism of 
oral estrogens may be a major contributor to changes in 
lipid and lipoprotein levels.

The Postmenopausal Estrogen/Progestin Intervention 
trial further evaluated these findings with respect to the add-
ition of progestogen agents. Healthy menopausal women 
(n = 875, 45-64 years old) were randomized to CEE alone 
(0.625  mg/day), CEE (0.625  mg/day) with cyclic MPA 
(10 mg/day for 12 days/month), continuous MPA (2.5 mg/
day), or cyclic micronized progesterone (200  mg/day for 
12 days/month), or placebo (7). Over a 3-year follow-up, 
all HT regimens reduced LDL-C by 14.5 to 17.7  mg/dL 
and increased triglycerides by 11.4 to 13.7  mg/dL. With 
respect to HDL-C, differences were seen by formulation 
in that CEE alone increased HDL by 5.6 mg/dL and CEE 
plus cyclic micronized progesterone increased HDL-C by 
4.1 mg/dL while the addition of MPA blunted this effect 
(1.2-1.6 mg/dL). All HT regimens also lowered fibrinogen 
levels with no adverse effect or differences in blood pressure 
or change in 2-hour insulin in response to a glucose chal-
lenge. There was a slight decrease in fasting glucose levels 
in all treatment groups compared with placebo (Table 1). 
Although the addition of progestogen blunted the HDL-C 
effects seen with estrogens, micronized progesterone led to 
the smallest attenuation.

The WHI evaluated the effect of hormone therapy on 
CVD biomarkers and lipids in a nested case–control study 
(n = 1179) (8). After 1 year of use, oral CEE (0.625 mg/day) 
and oral CEE plus MPA (2.5  mg/day) decreased LDL-C 
and increased HDL-C and triglycerides. Both formulations 
also increased high-sensitivity C-reactive protein (hs-CRP) 
and had a favorable effect on glucose and insulin levels. 
More recently the Kronos Early Estrogen Prevention Study 
(KEEPS) randomized 727 healthy women within 3  years 
of their final menstrual period to oral CEE 0.45 mg/day, 
transdermal estradiol 50  µg/day patch or placebo, with 
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cyclic oral micronized progesterone 200 mg for 12 days/
month (9). The results by route of estrogen administration 
are summarized below (route of estrogen delivery: oral vs 
transdermal).

Primary Prevention Randomized Trials

The largest RCTs of HT and primary prevention were the 
2 parallel WHI trials of CEE + MPA (EPT trial) and CEE 
alone (E-alone trial). These trials enrolled 27 347 healthy 
postmenopausal women with the primary outcome of 
coronary heart disease, defined as nonfatal myocardial 
infarction (MI) or coronary death. In the EPT, 16  608 
women with an intact uterus were randomized to oral 
CEE (0.625  mg/day) plus MPA (2.5  mg/day) or placebo 
with planned 8-year follow-up. The EPT trial was stopped 
approximately 3 years early (median 5.6 years) due to an 
unfavorable balance of risks and benefits when used for 
chronic disease prevention as well as a significant increase 
in invasive breast cancer (4). After further evaluation, the 
overall cohort (aged 50-79 years, mean age = 63) had an 
increased risk of developing CHD by 18%, with a signifi-
cant increase during the first year of the trial (P = .03, trend 

for time) (Table 2). The absolute risk of CHD for women 
on EPT vs placebo was 6 extra cases per 10 000 women 
per year.

The E-alone trial randomized 10  739 women with a 
hysterectomy to oral CEE (0.625 mg/day) or placebo. After 
the EPT trial was stopped, the E-alone trial was allowed 
to continue, however was also stopped prematurely after 
a median of 7.2 years due to increased risk of stroke. The 
E-alone trial was not found to have an increased risk for 
CHD, with an absolute difference of 3 fewer CHD events 
for women on E-alone vs placebo per 10 000 women per 
year (Table 2). Subsequent analyses from the combined 
WHI trials found that in women closer to the age of natural 
menopause who start HT, have a lower risk of CHD than 
women who have further time since menopause. (Table 3)

Secondary Prevention Randomized Trials

The HERS trial was the first large-scale secondary preven-
tion trial and enrolled 2763 women with coronary artery 
disease (mean age 67 years). Participants were randomized 
to CEE (0.625 mg/day) plus MPA (2.5 mg/day) or placebo 
for the primary outcome of nonfatal MI and ischemic heart 

Table 1.  Mean, median, or percent change in CVD risk factors by different HT formulations, doses, and routes of delivery

Formulation LDL–C 
(mg/dL)

HDL-C 
(mg/dL)

Triglycerides 
(mg/dL)

Fasting Glu-
cose (mg/dL)

Fasting Insulin 
level (pmol/L)

hs-CRP 
(mg/L)

Walsh et al. (6) (12-week change)
CEE 0.625 mga –15d +16d +24d — — —
CEE 1.25 mga –19d +18d +38d — — —
Walsh et al. (6) (6-week change)
Oral estradiol 2 mga –14 +26d +24d — — —
Transdermal Estradiol patch 0.1 mga –4 +10 +0.1 — — —
PEPI (3-year change) (7)c,e

CEE 0.625 mg –14.5c 5.6c 13.7c –2.8c –1.7 —
CEE + MPA 10 mg cyclic –17.7c 1.6c 12.7c –2.7c 1.3 —
CEE + MPA 2.5 continuous –16.5c 1.2c 11.4c –2.1c –3.8 —
CEE + micronized progesterone cyclic –14.8c 4.3c 13.4c –2.5c –3.5 —
WHI (1-year change) (8)e

CEE 0.625 mg –23d 7.0d 17.5d –3.0d –1.1b,d 2.2d

CEE + MPA 2.5 continuous –20d 4.0d 14.0d –3.0d –1.0b,d 1.1d

KEEPS (4-year change) (9)e       
CEE 0.45 mg –4.86d 3.2d 13.1d 1.01 –7.71 15.52d

transdermal estradiol 50 µg/day patch –2.87 –1.24d –0.06 0.33d –9.72d 5.14

Abbreviations: LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity c-reactive protein; CEE, conju-
gated equine estrogens; MPA, medroxyprogesterone acetate; PEPI, Postmenopausal Estrogen/Progestin Intervention trial; WHI, Women’s Health Initiative; KEEPS, 
Kronos Early Estrogen Prevention Study.
a% change from placebo value.
bUnits UIU/mL; — data not collected.
cPEPI statistically significant difference between formulations for LDL-C, HDL-C, triglycerides, and fasting glucose.
dStatistically different from placebo.
ePEPI, placebo decreased LDL by 4.1, HDL by 1.2, triglycerides by 3.2, and fasting glucose by 0.5, while increasing fasting insulin by 2.8. WHI, placebo had a 
null effect with the exception of an increase in fasting insulin. KEEPS, placebo increased HDL by 0.45, triglycerides by 1.66, and hs-CRP by 5.05, while decreased 
triglycerides by 2 and fasting insulin by 2.9.
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disease (IHD) death. During the 4-year follow-up, no differ-
ences were found for nonfatal MI or death from IHD, despite 
a decrease in total cholesterol and LDL-C, and an increase in 
HDL-C in the active treatment group. In a post hoc analysis, 
there was over a 50% increase in recurrent MI in the HT 
treatment group during the first year (2). The HERS II trial 
followed over 90% of the original HERS participants for 3 
additional years, finding no evidence of cardioprotective ef-
fects with longer duration of follow-up (10).

The Estrogen Replacement and Atherosclerosis (ERA) 
trial examined the effect of HT on the progression of cor-
onary artery disease by invasive angiography (n  =  309, 
mean age 63.5  years) with coronary stenosis >30% at 
baseline. After 3 years of treatment there was no change 
in luminal diameter or atherosclerotic lesions between 
women randomized to CEE (0.625  mg/day) with or 
without MPA (2.5 mg continuous or cyclic) and placebo 
(11). The Women’s Angiographic Vitamin and Estrogen 

trial randomized women (n = 423, mean age 65 years) with 
angiographically confirmed coronary stenosis (15-75%) in 
a 2 × 2 design to CEE (0.625 mg/day) with and without 
MPA (2.5 mg/day) or placebo, and vitamin C (500 mg) and 
vitamin E (400 IU) or placebo. No benefit was found and a 
potential for harm was observed (12).

Formulation of Estrogens: Oral Synthetic vs 
Bioidentical

After the results of the WHI and the secondary preven-
tion trials, attention focused on whether there was a dif-
ference in CVD outcomes when bioidentical HT is used. 
Oral synthetic estrogens used for HT include CEE, which 
is a ratio of estrone to 17-β estradiol, equilin and other 
methylated products. Food and Drug Administration–ap-
proved bioidentical estrogens, 17β-estradiol (estradiol) 
and estrone, are similar in biochemical structure to those 

Table 3.  Health outcomes in the women’s health initiative estrogen–progestin and estrogen-alone trials, according to age at 

study entry, intervention phasea

Estrogen-progestin trial Estrogen-alone trial

 CEE+MPA Placebo CEE Placebo

Outcome # events 

per 10 000 

PY

# events per 

10 000 PY

Differenceb 

per 10 000 PY

HR (95% CI) P # events per 

10 000 PY

# events per 

10 000 PY

Differenceb 

per 10 000 PY

HR (95% CI) P

Coronary 

heart 

diseasec

          

  50-59 years 23 17 5 1.34 (0.82-2.19) .81 17 28 –11 0.60 (0.35-1.04) .08

  60-69 years 37 37 0 1.01 (0.73-1.39)  61 63 –3 0.95 (0.72-1.24)  

  70-79 years 82 63 19 1.31 (0.93-1.84)  97 90 7 1.09 (0.80-1.49)  

Myocardial  

infarction

          

  50-59 years 19 15 4 1.32 (0.77-2.25) .55 14 25 –11 0.55 (0.31-1.00) .02

  60-69 years 33 31 2 1.05 (0.74-1.47)  46 48 –2 0.95 (0.69-1.30)  

  70-79 years 69 47 21 1.46 (1.00-2.15)  83 69 14 1.24 (0.88-1.75)  

Stroke           

  50-59 years 15 10 5 1.51 (0.81-2.82) .50 16 17 –1 0.99 (0.53-1.85) .77

  60-69 years 34 23 11 1.45 (1.00-2.11)  51 33 18 1.55 (1.10-2.16)  

  70-79 years 63 50 13 1.22 (0.84-1.79)  77 59 17 1.29 (0.90-1.86)  

All-cause 

mortality

          

  50-59 years 21 31 -10 0.67 (0.43-1.04) .20 29 40 –11 0.70 (0.46-1.09) .04

  60-69 years 51 47 5 1.07 (0.81-1.41)  78 77 0 1.01 (0.79-1.29)  

  70-79 years 106 102 3 1.03 (0.78-1.36)  155 129 26 1.21 (0.95-1.56)  

Adapted from Manson JE, et al. JAMA 2013;310:1353–68.; Manson JE, et al. JAMA 2017;318:927–938.
Abbreviations: CEE, conjugated equine estrogens; CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; MPA, medroxyprogesterone acetate; 
PY, person-years.
 Median length of randomized treatment was 5.6 years for estrogen–progestin and 7.2 years for estrogen alone.
bDifference = # events per 10 000 women per year in the hormone therapy group – # events per 10 000 women per year in the placebo group. Numbers may not 
add precisely due to rounding error.
cCoronary heart disease is defined as nonfatal myocardial infarction or coronary death.
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produced by women’s ovaries or other tissues in the body. 
These estrogens are plant-based products that are chem-
ically changed to bioidentical estrogen.

Primary Prevention Studies

The Estrogen and Prevention of Atherosclerosis Trial was 
a double-blind, placebo-controlled trial using the estrogen 
formulation of oral estradiol (1 mg/day). Women (n = 199, 
mean age 62 years) with hyperlipidemia (LDL-C >130 mg/
dL) but no coronary artery disease were randomized to un-
opposed estradiol vs placebo (plus lipid-lowering therapy 
if LDL-C >160 mg/dL) to determine whether HT could re-
duce the progression of subclinical atherosclerosis as meas-
ured by carotid intima media thickness (CIMT) (13). The 
estradiol treatment group had less CIMT progression com-
pared to placebo (P = .046), and among those not receiving 
statin medication, the difference was even larger (P = .002). 
No differences were seen between the estradiol and placebo 
groups for the women on lipid-lowering therapy.

The Early versus Late Intervention Trial with Estradiol 
also tested the estrogen formulation oral estradiol (1 mg/
day) and directly assessed the “timing hypothesis” postu-
lating more favorable effects of HT in early vs later meno-
pause. Healthy women (n = 504) within 6 years (the early 
cohort, median age 55.4  years) or greater than 10  years 
since menopause (the late cohort, median age 63.6 years) 
were assigned to estrogen plus vaginal progesterone gel 
(45 mg/10 days/month) for women with a uterus vs pla-
cebo (14). This trial used intermediate or “surrogate” 
measures of CVD including CIMT. After 5 years, the early 
cohort of women randomized to oral estradiol had lower 
progression of subclinical atherosclerosis as measured by 
CIMT (P = .008). (Fig. 1) There was no difference in CIMT 
found in the late cohort (P =  .29). Findings from these 2 
trials suggest that among menopausal women without es-
tablished atherosclerosis, oral estradiol may be of benefit as 
measured by markers of atherosclerosis progression.

In the open-labeled Danish Osteoporosis Prevention 
Study (DOPS), women were randomized to oral triphasic 
estradiol with norethisterone acetate or oral estra-
diol (2 mg) alone or no treatment (n = 1006, mean age 
50  years). Over an 11-year follow-up, there was a sig-
nificant reduction in a composite CVD endpoint (hazard 
ratio [HR] 0.48, 95% CI 0.26-0.87) (15). These findings 
suggested that estradiol, when given early in menopause, 
may be of benefit for CVD protection. Several important 
limitations regarding the study method warrant consid-
eration before reaching this conclusion. DOPS was ini-
tially designed to evaluate the impact of HT on prevention 
of fracture, and the composite CVD endpoint was not 

prespecified in the study design. The composite endpoint 
included hospitalization for heart failure, not tradition-
ally included in the composite atherosclerotic endpoints 
of other HT RCTs. Additionally, such open-label design, 
with no placebo arm, allowed women and their clinicians 
to be aware of their treatment, which may have resulted 
in bias, as at the time of DOPS it was perceived that HT 
prevented heart disease.

Secondary Prevention

The Oestrogen Therapy for Prevention of Reinfarction in 
Postmenopausal Women was a RCT evaluating secondary 
prevention of MI using the formulation of estradiol val-
erate (2 mg/day) vs placebo for 2 years (n = 1017, mean 
age 62.6 years). In women with a prior MI, estradiol did 
not reduce risk of future events (relative risk [RR] 0.99, 
95% CI 0.70-1.41) or all-cause mortality (RR 0.79, 95% 
CI 0.50-1.27) (16).

Similar to the ERA trial, the Women’s Estrogen-Progestin 
Lipid-Lowering Hormone Atherosclerosis Regression Trial 
(WELL-HART) evaluated the effect of HT on the progres-
sion of coronary artery disease by invasive angiography 
among women with coronary stenosis >30% at baseline. 
As opposed to ERA, the WELL-HART study (n  =  226, 
mean age 63.5 years) used oral estradiol (1 mg/day), oral 
estradiol (1 mg/day) with cyclic MPA (5 mg/day for 12 con-
secutive days) or placebo with a goal to lower the LDL 
<130 mg/dL through diet and statin therapy. At the end of 

Figure 1.  Early versus late intervention trial with estradiol results of 
CIMT progression. CIMT, carotid intima media thickness. With permis-
sion: Hodis et al. NEJM 2016;374(13):1221-1231.
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the 3-year follow-up, there was no effect on progression of 
atherosclerosis and no evidence of reversal of established 
coronary artery disease.

Types of Progestogens

Progestogens are necessary in women with a uterus to pre-
vent estrogen-induced endometrial hyperplasia and/or cancer. 
The most comprehensively studied progestin is MPA due to 
its combination with CEE in the WHI, HERS, and other large 
RCTs. However, there are several other types of progestogens 
used in combination HT, including norethindrone acetate and 
micronized progesterone (bioidentical). Given the differences 
in chemical structures, pharmacokinetics, and clinical effects, 
it is not surprising that different progestogens may have dif-
ferent effects on CVD risk (17).

Primary Prevention

Up until the time of the WHI, observational studies did not 
find differences in CVD when estrogens were used with or 
without a progestogen (18). It is now clear from the par-
allel trials of the WHI (WHI EPT and E-alone trials) that 
there was an increased risk of CHD in women receiving 
EPT but not in those receiving CEE alone. These differences 
have raised questions about whether the type of proges-
togen in HT is a contributor to adverse CVD outcomes. 
There are no large-scale RCTs evaluating whether rates of 
clinical CVD events differ according to the type of pro-
gestogen used; therefore, comparisons of formulation are 
based on observational data.

The 2010 E3N trial was a prospective cohort study of 
more than 80 000 French women (average age, 54 years) 
over a 10-year period (19). In this study, the use of micron-
ized progesterone with estrogen was not associated with 
increased venous thromboembolism (VTE) risk, whereas 
use of norpregnane progestins was. One limitation is that 
that dosing, and whether the progestogens were given con-
tinuously or sequentially, was not considered. However, the 
study did suggest that progestogen formulations may have 
different relationships with VTE risk.

In a multicenter case–control study, the Estrogen and 
Thromboembolism Risk study evaluated 271 women with 
a first episode of idiopathic VTE (92 pulmonary embol-
isms, 63 deep venous thrombosis), with 610 age-matched 
controls (mean age 62  years) (20). The study evaluated 
the findings by type of progestogen, finding that the risk 
of developing an idiopathic venous thromboembolism was 
not associated with micronized progesterone (odd ratio 
[OR] 0.7, 95% CI 0.3-1.9) compared with norpregnane 
derived synthetic progestins (OR 3.9, 95% CI 1.5-10.0).

Secondary Prevention

The ERA and WELL-HART trial enrolled women with 
established coronary artery disease diagnosed by angiog-
raphy and used cyclic MPA in women with an intact uterus. 
Both studies found no differences among the treatment 
groups in progression of coronary atherosclerosis between 
women on hormones with MPA vs placebo.

Dose: Low vs High Doses of Estrogen

The doses of 0.625 mg/day CEE used in the WHI and HERS 
trials is most often referred to as conventional dose CEE, 
while doses <0.625 mg/day (0.3 mg or 0.45 mg/day) are 
considered low dose, and >0.625 mg (0.9 mg or 1.25 mg/
day) are considered high dose. Across formulations, how-
ever, dose equivalency changes: A dose of 0.625 mg/day in 
oral CEE is thought to be equivalent to 1 mg/day of oral 
estradiol, which is then equivalent to 0.05/day of trans-
dermal estradiol.

Primary Prevention

The WHI Observational Study (WHI-OS), a longitudinal 
multicenter prospective study of postmenopausal women 
(mean age 63.5 years) using various HT regimens, exam-
ined the differences between oral low-dose, conventional-
dose, and high-dose estrogens controlled for progestogen 
use in relation to CVD outcomes. While statistical power 
was limited, women taking oral low-dose HT had sug-
gestive but nonsignificant reductions in CHD, total CVD, 
and CVD mortality after multivariable adjustment, com-
pared with women who took oral conventional-dose HT 
(HR 0.82, 95% CI 0.57-1.19, HR 0.86, 95% CI 0.67-1.12, 
and HR 0.87 95% CI 0.54-1.42, respectively). Another 
prospective observational study, the Nurses’ Health Study 
suggested a dose-dependent HT response and risk of stroke 
in initially healthy women (21, 22). The risk of stroke was 
statistically increased in women taking CEE 0.625 mg/day 
or higher with or without a progestin (RR 1.35 95% CI 
1.08-1.68 and RR 1.63, 95% CI 1.18–2.26, respectively) 
compared with HT nonusers, but was not elevated among 
women taking 0.3 mg/day of CEE.

Secondary Prevention

After the HERS trial, it was established that estrogen 
should not be used for secondary prevention of CVD 
among women with established CVD. No additional 
large-scale RCTs were conducted to evaluate different 
doses of estrogens on rates of clinical events in the setting 
of secondary prevention of CVD.

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/106/5/1245/6121688 by guest on 10 N
ovem

ber 2025



1252 � The Journal of Clinical Endocrinology & Metabolism, 2021, Vol. 106, No. 5

Route of Estrogen Delivery: Oral vs 
Transdermal

Oral estrogens undergo first-pass hepatic metabolism 
which results in some adverse changes that may influence 
CVD risk. Compared with the transdermal route of de-
livery, hepatic metabolism of oral estrogens increases the 
production of coagulation factors, C-reactive protein, and 
triglycerides, and oral estrogens require larger doses as it is 
more is rapidly converted to estrone in the liver, which re-
sults in an increased concentration of estrogen in the liver 
sinusoids (5, 23-26). To date, there are no large-scale RCTs 
of transdermal estrogens and clinical CVD events, and 
available evidence is based on observational studies and 
smaller RCTs with biomarker or subclinical CVD meas-
ures. Despite this, the current HT position statements rec-
ommend the use of transdermal estrogens rather than oral 
estrogens in women who have moderate risk of CVD or 
an increased risk of VTE, if estrogen is prescribed in these 
patients (27-29).

Primary Prevention

The KEEPS randomized 727 healthy women within 3 years 
of their final menstrual period (mean age 52 years) to oral 
CEE 0.45 mg/day, transdermal estradiol 50 µg/day patch or 
placebo, with cyclic oral micronized progesterone 200 mg 
for 12 days/month (9). KEEPS was designed to evaluated 
the effect of HT on progression of atherosclerosis using 
preclinical markers including carotid artery CIMT and cor-
onary artery calcification. After 4 years of follow-up, those 
women who were randomized to oral CEE had greater in-
creases in total and HDL-C, triglycerides, and hs-CRP than 
women randomized to transdermal estradiol or placebo 
(9). Transdermal had little effect on fasting glucose after 
4 years and the largest decrease in fasting insulin compared 
with oral CEE or placebo. However, the rate of change in 
neither CIMT nor coronary artery calcification  differed 
among HT groups at 4  years, suggesting no adverse or 
beneficial effects of either formulation at these doses on 
atherosclerosis progression.

In a KEEPS substudy, 467 women had total fat depos-
ition in the heart measured by epicardial and pericardial 
adipose tissue, which has been associated with CVD events. 
After 4 years of follow-up there was no differences seen be-
tween groups in pericardial adipose tissue; however, com-
pared with placebo, women on oral CEE were less likely 
to have an increase in epicardial fat (OR 0.62, 95% CI 
0.40-0.97) (30). The authors further evaluated the asso-
ciation with pericardial adipose tissue and coronary ar-
tery calcification, finding that transdermal estradiol over 
4  year follow-up was associated with coronary artery 

calcification  development with an increase in pericardial 
adipose tissue.

In data from the WHI-OS, with a mean follow-up of 
10.4  years, transdermal estradiol compared with oral 
CEE was associated with a 37% lower risk of CHD; 
however, this was not statistically significant. In the case–
control Estrogen and Thromboembolism Risk study 
evaluating risk of first VTE with HT, after adjusting for 
confounders such a body mass index and family history 
of clots, current use of oral estrogens and transdermal 
compared with nonusers was 4.2 (95% CI 1.9-8.3) and 
0.9 (95% CI 0.4-2.1), respectively. Data from the UK 
General Practice Research Database case–control study, 
also found that the risk of stroke was not increased in 
women using low-dose estrogen transdermal preparation 
(≤50 mg/day) (31). The UK nested case–control study of 
VTE risk and use of HT found transdermal estradiol was 
not associated with an increased risk, across patch, sub-
cutaneous, or gel formulations (OR 0.93, 95% CI 0.87-
1.01) (32).

In a recent systematic review and meta-analysis 
evaluating 15 observational studies (10 case controls and 
5 cohort studies) with follow-up of up to 20  years, oral 
estrogens, but not transdermal estrogens, were associated 
with an increased risk of VTE (RR 1.63, 95% CI 1.40-
1.90), DVT (RR 2.09, 1.35-3.23), and in single case–con-
trol study, possibly stroke (RR 1.24, 1.03-1.48) (33). There 
was no association with pulmonary embolism or MI. In 
another recent meta-analysis, an increased risk of venous 
thromboembolism was found with all hormone therapy re-
gimens except for transdermal estrogen (34).

Secondary Prevention

In the Papworth HRT Atherosclerosis study, postmenopausal 
women (n = 255, mean age 66.7 years) with proven angio-
graphic IHD were randomized to transdermal estradiol 
(2.5  mg or 80  μg/day) and cyclic transdermal progestin 
(if there was a uterus present) versus placebo, with the 
primary end point of angina, MI, or death. Over 4 years 
of follow-up, the event rates were 15.4 per 100 patients-
years in HT group and 11.9 in the controls. No differences 
were seen between groups, but during the first 2 years of 
follow-up a higher event rate was seen in the women ran-
domized to estrogen (35).

Summary

Although HT continues to have an important role in meno-
pause management, it is now generally well accepted that 
HT should not be used for primary or secondary prevention 
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of CVD. Both the WHI and HERS tested oral conjugated 
estrogens, with and without a synthetic progestin, and there 
have been no long-term RCTs to assess CVD events with 
respect to other formulations, doses, or routes of delivery. 
Available data, with respect to formulation, suggest the use 
of estrogen alone has a generally favorable effect on lipo-
proteins, glycemia, insulin, and CVD risk compared with es-
trogen with progestin. If a progestogen is needed for uterine 
protection, micronized progesterone has been found to have 
only a minimal attenuating effect and thus may have ad-
vantages over synthetic progestins. Transdermal estrogens 
also have fewer effects on coagulation and inflammatory 
biomarkers than oral estrogens, and observational studies 
suggest they may pose lower risks of VTE and stroke than 
oral estrogens. HT remains the most effective treatment for 
menopausal vasomotor symptoms, and current guidelines 
underscore the need to individualize treatment to maximize 
benefits and minimize risks. Although additional research is 
needed, the role of HT formulation, dose, and route of de-
livery is important to consider in clinical decision making.
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