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REVIEW - SYSTEMATIC

Safety and efficacy of compounded bioidentical hormone therapy
(cBHT) in perimenopausal and postmenopausal women: a systematic
review and meta-analysis of randomized controlled trials

Yi Liu, PharmD, PhD,1 Ying Yuan, PhD,2 A.J. Day, PharmD,1 Wen Zhang, MS,3

Princy John, PharmD, MSc, MBA,4 Danielle J. Ng, PharmD,5 and Daniel Banov, MS, RPh1

Abstract
Importance: More information is needed about the efficacy and safety of compounded bioidentical hormone

therapy (cBHT) in the published literature. A thorough synthesis of existing data is not currently available.
Objective: To provide a systematic review and meta-analysis of the existing evidence related to the safety and

efficacy of commonly prescribed cBHT preparations in perimenopausal and postmenopausal women.
Evidence Review: PubMed, ClinicalTrials.gov, and The Cochrane Central Register of Controlled Trials were

searched. Randomized controlled trials (RCTs) comparing cBHT with a placebo or FDA-approved products in
perimenopausal or postmenopausal women were eligible. The risk of bias was assessed by the Cochrane risk of bias
tool. The primary safety outcome was changes in lipid profile and glucose metabolism, and the primary efficacy outcome
was the change of vaginal atrophy symptoms. The secondary outcomes included the change of endometrial thickness, risk
of adverse events, vasomotor symptoms, change of serum hormone levels, and change of bone mineral density.

Findings: A total of 29 RCTs reported in 40 articles containing 1,808 perimenopausal and postmenopausal
women were included. Two risk factors of cardiovascular disease, lipid profile, and glucose metabolism, were
evaluated with cBHT. The results showed that compounded androgen was not associated with change of lipid profile
or glucose metabolism. There was no change in endometrial thickness or serious adverse events. There were more
androgenic side effects with compounded dehydroepiandrosterone compared with placebo as expected. Other safety
measures including clinical cardiovascular events, endometrial biopsy, and risk of breast cancer were not studied.
cBHT in the form of compounded vaginal androgen was found to significantly improve vaginal atrophy symptoms
(SMD �0.66 [95% CI, �1.28 to �0.04]; I2¼ 86.70%). This finding was supported by the association between
compounded vaginal androgen and improved female sexual function scores. The changes of serum hormone levels
were also evaluated. Despite the variations in absorption from different types of compounded hormones, routes, and
strengths, the trends were consistent with published data from FDA-approved products.

Conclusions and Relevance: This review found that cBHT used in primarily short-term RCTs is not associated
with adverse changes in lipid profile or glucose metabolism. cBHT in the form of vaginal androgens appears
beneficial for vaginal atrophy symptoms. There are insufficient RCTs of cBHT to assess clinical risk of breast
cancer, endometrial cancer, or cardiovascular disease. Long-term studies with clinical endpoints are needed.

Key Words: Compounded androgen – Compounded bioidentical hormone therapy – Compounded
testosterone – Perimenopausal and postmenopausal women – Safety – Vaginal atrophy.
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I
n 2002, the Women’s Health Initiative reported the
health risks of oral conjugated equine estrogen with
medroxyprogesterone acetate in postmenopausal

women.1 Since then, a substantial group of postmenopausal
women using hormone therapy (HT) made the decision
with their treating physicians to switch from synthetic
hormones to bioidentical hormone therapy. Some physicians
and patients determined that compounded bioidentical
hormone therapy (cBHT) was appropriate. Several nation-
wide surveys showed a significant decline in prescriptions
of FDA-approved hormone products over the past decade,
in contrast with a continuous growth in cBHT. It was
estimated that 1 to 2.5 million US women are cBHT users,
and 26 to 33 million cBHT prescriptions were filled each
year.2-4 The new trend in HT raised concerns and discussions
surrounding cBHT. The most prominent advantages of
cBHT are its personalized approach and the flexibility in
making customized strengths and dosage forms. Black box
warnings are required on all FDA-approved estradiol and
topical testosterone products, and Federal law exempts all
compounded drugs from such labeling requirements. How-
ever, besides the absence of boxed warnings, other safety
considerations regarding cBHT arose among physicians.
These safety concerns included the increased risk of endo-
metrial cancer, inconsistency of drug content, incomplete
adverse events reporting, and unknown risk of cardiovascu-
lar disease, mostly from survey findings, case reports,
nonrandomized studies, and expert opinions.5,6 Because
of concerns regarding cBHT, in 2018, the FDA requested
the National Academies of Science, Engineering, and
Medicine (NASEM) to evaluate the available evidence
of cBHT regarding safety and effectiveness.5 Thirteen clin-
ical trials with relevance to the safety and effectiveness of
cBHT were highlighted and discussed by the NASEM
committee. A conclusion was reached that there was a lack
of high-quality research to establish the safety and effec-
tiveness of cBHT.5 Furthermore, the highest level of evi-
dence, a systematic review and meta-analysis had not
been published.

We conducted a deep and thorough literature search and
identified some studies that have not been cited by others in
this field, including the NASEM committee. To obtain a
comprehensive view of the safety and efficacy of commonly
prescribed cBHT preparations, and to evaluate the robustness
of evidence for using cBHT, we performed a systematic
review and meta-analysis of randomized controlled trials
(RCTs) to examine the safety and efficacy of cBHT in
perimenopausal and postmenopausal women. In this review,
the analyzed safety outcomes included two risk factors of
cardiovascular disease, endometrial thickness, and adverse
events. There were no available data on other measures of
safety such as breast density on mammography, breast cancer,
or clinical cardiovascular events. The primary efficacy out-
come is vaginal atrophy symptoms. Change of serum hor-
mone levels were also evaluated as a secondary outcome to
provide information on absorption.

METHODS

Protocol and registration
This study was a protocol-based systematic review and meta-

analysis registered at PROSPERO (ID: CRD42021209946.
Available from https://www.crd.york.ac.uk/prospero/display_
record.php?RecordID=209946) and was conducted in accor-
dance with the Cochrane Handbook for Systematic Reviews of
Interventions and the Preferred Reporting Items for Systematic
Review and Meta-Analysis Statement (PRISMA) 27-item
checklist.7,8

Search strategy
PubMed, ClinicalTrials.gov, and The Cochrane Central

Register of Controlled Trials were searched for articles
published from inception to December 2, 2020. There were
no restrictions on the publication date, and the studies were
limited to human clinical trials. The following keywords
and MeSH terms were used in various combinations: hor-
mone therapy, hormone replacement therapy, estrogen
replacement therapy, estriol AND menopause, estradiol
AND menopause, testosterone AND menopause, progester-
one AND menopause, dehydroepiandrosterone (DHEA)
AND menopause, compounded, compound, compounding,
climacteric, menopause, postmenopausal, perimenopause.
Detailed search strategy in each database was shown in
Table S1, Supplemental Digital Content 1, http://link-
s.lww.com/MENO/A895. The references of retrieved studies
of interest were also screened for additional articles not
identified by the original search.

Key points

Question/Objective: What is the safety and efficacy
profile of the common compounded bioidentical hormone
therapy (cBHT) preparations in perimenopausal and
postmenopausal women in the current literature?
Findings: Twenty-nine randomized controlled trials
(RCTs) (n¼ 1,808) were included. The evaluated cBHT
preparations were not associated with adverse changes in
lipid profiles or glucose metabolism, endometrial thickness,
or serious adverse events. Limited data were available to
assess benefit with respect to vasomotor symptoms. No RCT
was available to assess clinical events of breast or
endometrial cancer or cardiovascular disease. cBHT in the
form of vaginal androgen significantly improved vaginal
atrophy symptoms.
Meaning: The meta-analysis found a benefit of cBHT in the
form of vaginal androgens for vaginal atrophy symptoms.
There are insufficient RCTs currently available to assess
clinical risk of breast cancer, endometrial cancer, or
cardiovascular disease. More studies are needed to
evaluate the long-term clinical outcomes.
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Study eligibility and inclusion/exclusion criteria
RCTs with cBHT interventions were included for full

review if they were conducted in perimenopausal or post-
menopausal women (aged � 18 y) who underwent natural
menopause or surgical menopause. The control arm had to be
based on a placebo or FDA-approved hormone products. In
accordance with the NASEM report, cBHT preparations were
defined as preparations compounded in a 503A compounding
pharmacy, 503B outsourcing facilities, government health-
care facilities, for academic research, or for certain studies
that were produced to assess off-label outcomes of FDA-
approved products. Our review only focused on the nonsterile
preparations, referring to the formulations prepared in a clean
environment without requiring aseptic technique. Common
dosage forms of nonsterile preparations include topical
creams or gels, vaginal suppositories, oral tablets, or capsules,
etc. There was no restriction on the route of administration or
dosing strength during search. Sterile preparations, such as
injections and implants, are compounded following different
regulations, with different materials, and are less common
than nonsterile products, thus were not included in the present
study. Studies were excluded if (1) the evidence of using
compounding preparations was not found; (2) cBHT was used
for conditions not associated with menopause; (3) the com-
pounds were not bioidentical hormones; (4) sterile compound-
ing preparations were studied; or (5) no quantitative
pretreatment and post-treatment outcomes of efficacy or
safety were reported. Postmenopausal women on aromatase
inhibitor therapy and given cBHT to relieve vaginal symp-
toms were not excluded because of the similar nature of
estrogen deficiency as menopause.9

Data extraction and risk of bias assessment
Data were extracted into a preformulated data extraction

spreadsheet by two independent reviewers (Y.L. and P.J.).
Disagreements were resolved through consensus. Trial
authors were contacted for any missing data or clarifications.
All studies were assessed for risk of bias using the revised
Cochrane risk-of-bias tool for randomized trials.10 Briefly, six
domains were examined for each study: randomization pro-
cess, deviations from intended interventions, missing out-
come data, measurement of the outcome, selection of the
reported result, and overall bias assessment. Two reviewers
independently assessed each included study. Three reviewers
(Y.L., P.J., and D.J.N.) were involved. Discrepancies were
resolved by the fourth reviewer (A.J.D.).

Outcomes
The primary outcomes include a safety outcome and an

efficacy outcome. The safety outcome was the change of risk
factors of cardiovascular disease. Because none of the
included studies directly assessed cardiovascular events,
the risk of cardiovascular disease was evaluated by surrogate
markers of clotting factors, blood pressure (BP), lipid profiles,
and glucose metabolism in this study. Because only two of the
included studies assessed vasomotor symptoms, and the

reported data were insufficient for meta-analysis, the primary
efficacy outcome was the change of vaginal atrophy symp-
toms, which was measured by the severity score. Surrogate
endpoints such as vaginal pH and female sexual function were
also examined. To be included in the meta-analysis, continu-
ous data needs to be reported as the mean difference W
standard deviation (SD) or mean W SD with a P value for
transforming into standardized mean difference (SMD). The
pooled effects of cBHT on vaginal atrophy symptoms and
female sexual function measured by various scales were
synthesized following the method of Murad et al11 and
summarized as SMD corrected for scale directionality.

The secondary safety outcomes were the post-treatment
endometrial thickness measured by transvaginal ultrasound
(TVS) and the risk of adverse events. Other secondary out-
comes were vasomotor symptoms, the change of serum
hormone levels, and the change of bone mineral density
(BMD).

Data synthesis
Meta-analyses of primary and secondary outcomes were

performed using a random-effect model to account for het-
erogeneity between studies. For meta-analysis with only two
or three trials, the random-effect model with Hartung-Knapp-
Sidik-Jonkman method was conducted to address the influ-
ence of fewer studies in synthesis. The R software (version
4.0.1) package metafor (version 2.4) was used for statistical
analysis. Trial-level and pooled estimates were reported as
SMD/RR and 95% CIs; risk distribution was presented using
forest plots with weighting according to a random-effect
model. SDs were not directly reported in some studies. We
derived them based on the reported data (eg, P values, t
statistics, etc) using the published methods.12-14

In addition to the risk of bias assessment of individual
clinical trials, publication bias was also assessed by evalua-
tion of the asymmetry of the funnel plots. The proportion of
heterogeneity between studies was assessed using the I2 test
statistic. An I2 value less than 25% will be considered as low
heterogeneity, 25% to 50% as moderate heterogeneity, and
greater than 50% as high heterogeneity. Statistical signifi-
cance was determined using a two-sided error threshold of
0.05. Certainty of evidence for each outcome was assessed
according to the Cochrane Handbook for Systematic Reviews
of Interventions.7 Because of the lack of adjustment for
multiple comparisons, the findings of the analyses should
be interpreted as exploratory. All analyses and data cleaning
were conducted using R 4.0.1.

RESULTS

Search result and study characteristics
The flow diagram of the literature search and study selec-

tion is shown in Figure 1. Overall, 5,895 publications were
initially identified, of which 2,884 were excluded by screen-
ing titles, abstracts, and availability of full-text, then 3,011
underwent full-text review. Further excluding following the
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predefined exclusion criteria ruled out 2,938 articles. Non-
randomized trials (n U 27) and randomized trials without
suitable data for meta-analysis (n U 6) were also excluded.
Detailed reasons of excluding were listed in Figure 1. A total
of 29 RCTs reported in 40 articles containing 1,808 perimen-
opausal and postmenopausal women (aged 37-85 y) were
included in the narrative review and the meta-analysis.
Two trials (n U 136) were of patients studied for compounded
estradiol and estriol,15,16 7 trials (n U 281) were for com-
pounded progesterone,17-25 2 trials (n U 53) were for combi-
nation of compounded estrogens and progesterone,26,27 5
trials (n U 285) were for compounded testosterone,28-34 and
13 trials (n U 1,032) were for compounded DHEA.35-54 Com-
pounded hormones were compared with placebos in 21 of
these RCTs. Three RCTs compared between cBHT and FDA-
approved products for the same therapeutic purpose despite
different types of hormones. One RCT compared cBHT to
both placebo and an FDA-approved product. Four RCTs
studied the combination of cBHT and FDA-approved prod-
ucts to FDA-approved products alone. The basic character-
istics of each trial are listed in Table 1.

Relevant RCTs included by NASEM were also indicated in
Table 1. One of the NASEM reviewed RCTs was excluded
from our study because in this DHEA study, some participants
were on an unknown strength of concurrent estrogen replace-
ment therapy while some were not.55 The results for DHEA
were unclear and may be misleading. Additional information

regarding participants, preparation of compounded medica-
tions, and power analysis are summarized in Table S2, Sup-
plemental Digital Content 1, http://links.lww.com/MENO/
A895.

Risk of bias within studies and publication bias
All included trials were evaluated for their risks of bias. The

overall risk of bias of each trial is shown in Table 1. Twenty-
eight studies were rated overall with low to moderate risk of
bias, among which three trials had potential risk of bias in one
domain (See Figure S1, Supplemental Digital Content 1,
http://links.lww.com/MENO/A895, which illustrated the risk
of bias of each trial in each evaluated domain). One trial had
imbalanced DHEA levels at the baseline. Statistical adjust-
ment was utilized to reduce the imbalance before conducting
the meta-analysis.46,52,53 Two studies did not provide the
number of patients that completed the trials; therefore, poten-
tial missing data existed.20,23,51 Even though this is more of a
reporting issue, to be conservative, we rated them at high risk
of missing outcome data. The level of bias in these three
studies was not likely to significantly impact conclusions;
therefore, they were all rated with overall moderate risk. Only
one study was considered high risk overall because only a
small percentage of patients were available for vaginal cytol-
ogy.35 For outcomes irrelevant to vaginal cytology in the same
trial, the risk of bias was low to moderate. No trials had the
risk of selective reporting. Sensitivity analysis of excluding

FIG. 1. Flow diagram of literature search to identify randomized controlled trials related to compounded bioidentical hormone therapy.
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the four trials yielded results (not shown) similar to these
including the four trials as reported below. In addition, the
funnel plot suggests that there is no evidence of publication
bias in this review (Figure S2, Supplemental Digital Content
1, http://links.lww.com/MENO/A895).

Primary safety outcome analysis—the risk factors of
cardiovascular disease

Four surrogate biomarkers were prespecified in the proto-
col to assess the risk of cardiovascular disease associated with
cBHT: clotting factors, BP, serum lipid profile, and glucose
metabolism. Meta-analyses were only performed for lipid
profile and glucose metabolism due to an inadequate number
of studies in clotting factors and BP.

The change in lipid profile was assessed in seven RCTs
(n U 237 patients).32,34,39,40,43,47,48 The duration of therapy
varied from 1 month to 1 year. Compounded vaginal testoster-
one and oral DHEA were evaluated. In the synthesized data,
compounded androgen therapy was not associated with
changes of total cholesterol (SMD S0.53 [95% CI, S1.26 to
0.21]; I2 U 80.9%), triglycerides (SMD S0.59 [95% CI, S1.35
to 0.18]; I2 U 82.4%), LDL (SMD S0.12 [95% CI, S0.46 to

0.22]; I2 U 19.3%) or HDL (SMD 1.07 [95% CI, 2.39 to
S0.26]; I2 U 94.2%) compared with placebo. In the subgroup
analysis, neither vaginal testosterone nor oral DHEA showed
significant changes in lipids as is shown in Figure 2A to D. For
the effect of cBHT on glucose metabolism, 2 RCTs using
compounded DHEA 50 mg daily in 121 postmenopausal
women for 3 months to 1 year were pooled.43,48 No significant
changes were observed in fasting glucose (SMD S0.32 [95%
CI, S4.52 to 3.88]; I2 U 66.9%), fasting insulin (SMD S0.03
[95% CI, S0.44 to 0.38]; I2 U 0.0%) or the Homeostatic Model
Assessment for Insulin Resistance (SMD 0.23 [95% CI, S0.19
to 0.66]; I2 U 0.0%) (Fig. 2E).

Thrombotic and anticoagulant factors were evaluated in only
one eligible RCT.24 In this short-term crossover study, 30
healthy postmenopausal women were enrolled to receive either
20 mg/d of a compounded progesterone cream or a placebo for
1 month. No significant differences were observed in the
individual or group averages of coagulation factors V and
VII, fibrinogen, antithrombin III, and plasminogen activator
inhibitor 1 . BP was measured in 2 of the included RCTs
involving 78 patients with high risk of hypertension. However,
the reported data was not sufficient to be transformed to SMD

FIG. 2. Random-effects meta-analysis of the association between cBHT and the risk factors of cardiovascular disease: (A) the change of total
cholesterol; (B) the change of triglycerides; (C) the change of LDL; (D) the change of HDL; (E) the change of glucose metabolism. Some SDs were not
provided in the original studies, and thus were derived for meta-analysis using methods provided by Shi et al and Weir et al.11,12 The same method was
applied to all the other analysis in this study. To ensure all ‘‘favor cBHT’’ is on the left and all ‘‘favor control’’ is on the right, the SMD of HDL was
calculated by ‘‘control minus case,’’ while the others were calculated by usual method of ‘‘case minus control.’’ cBHT; compounded bioidentical
hormone therapy; DHEA, dehydroepiandrosterone; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SMD, standardized mean difference.
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for a meta-analysis.20,23,42,43 In these two studies, a combina-
tion of compounded vaginal progesterone and Estraderm, or
compounded oral DHEA alone, both showed significant reduc-
tion of systolic BP and diastolic BP in these patients compared
with placebo, although the difference between Estraderm alone
and Estraderm R compounded progesterone combination was
not significant.20,23

Overall, in the meta-analysis including short-term studies,
there were no significant adverse findings of cBHT on lipid
profile or glucose metabolism.

Secondary safety outcomes analysis—endometrial
thickness and adverse events

Endometrial thickness was measured in five trials (n U 273
patients), with four studies comparing with placebo,15,34,48,49 and
two studies comparing with therapies using FDA-approved
products.19,32 The duration of therapy varied from 2 months
to 1 year. Four cBHT regimens, which utilized testosterone,
estradiol, or progesterone, were delivered by the vaginal route.
DHEA was given by oral route. None of the individual studies
showed a significant difference in the endometrial thickness

FIG. 3. Random-effects meta-analysis of the association between cBHT and the posttreatment endometrial thickness when compared with (A)
placebo; or (B) therapies with FDA-approved products. (C) The association between cBHT and the risk of endometrial thickness exceeding 5 mm.
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between cBHT and controls, same as in the meta-analysis (cBHT
vs placebo: SMD S0.17 [95% CI, S0.61 to 0.27]; I2 U 0.0%,
Figure 3A. Vaginal testosterone versus placebo: SMD S0.24
[95% CI, S2.28 to 1.80]; I2 U 0.0%, Figure 3A. cBHT versus
FDA-approved products: SMD S0.32 [95% CI, S3.08 to 2.45];
I2 U 12.2%, Fig. 3B). When examining the incidence of an
endometrial thickness exceeding 5 mm, which is highly associ-
ated with the risk of endometrial cancer,53 cBHT containing
compounded estradiol or androgen was not associated with a
higher incidence (cBHT vs placebo: RR 1.44 [95% CI, 0.23-
8.94]; I2 U 0.0%. Compounded androgen versus placebo: RR
1.60 [95% CI, 0.20-12.71]; I2 U 0.00%) (Fig. 3C). Only endo-
metrial thickness measured by TVS was used as a safety feature
in these studies, not endometrial biopsies which is the gold
standard to exclude endometrial hyperplasia or carcinoma.

Adverse events were assessed in 19 RCTs (n U 1,373 patients)
by the reported adverse events and withdrawals due to adverse
effects.15,16,19-21,24,32-37,40,41,47,48,54 The duration of cBHT use
ranged from 2 weeks to 1 year. In the subgroup meta-analysis of
each type of hormone, compared with placebo, compounded
estrogen (RR 1.41 [95% CI, 0.07-27.25]; I2 U 0.00%), com-
pounded progesterone (RR 1.87 [95% CI, 0.01-449.55];
I2 U 63.55), and compounded androgen (RR 1.09 [95% CI,
0.89-1.33]; I2 U 0.00%) were not associated with increased risk
of total adverse events. Consistent result was found in the
synthesized analysis combining all types of hormones when
compared with either placebo (RR 1.07 [95% CI, 0.93-1.22];
I2 U 10.6%) (Fig. 4A), or therapies using FDA-approved hor-
mone products (RR 0.67 [95% CI, 0.06-8.01]; I2 U 66.0%)
(Fig. 4B). Secondary analysis was performed for each type of

FIG. 4. Random-effects meta-analysis of the association between cBHT and the risk of total adverse events compared with (A) placebo; or (B)
therapies using FDA-approved products.
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hormone to investigate the incidence of some common adverse
effects compared with placebo. The common adverse effects
reported were vaginal spotting, breast tenderness, rash, and
androgenic effects such as acne, hirsutism and voice change.
Compounded estradiol, estriol, progesterone, testosterone, and
DHEA were not associated with increased risk of adverse
effects (Fig. 5), with one exception — a higher risk of total
androgenic effect was found with compounded DHEA com-
pared with placebo (RR 3.87 [95% CI, 1.28-11.65]; I2 U 0.0%),
although no significantly increased risk of acne, hirsutism, or
nonandrogenic effects was observed in the subgroup analysis
(Fig. 5E). In addition, cBHT was not associated with more
patient withdrawals caused by adverse effects compared with
either placebo or therapies using FDA-approved hormone prod-
ucts (See Figure S3. Supplemental Digital Content 1, http://
links.lww.com/MENO/A895).

Primary efficacy outcome analysis—change of vaginal
atrophy symptoms

Vaginal atrophy is one of the most bothersome symptoms in
menopausal women. It was evaluated by the vaginal symptom
scores in 5 RCTs (n U 298 patients).15,16,29,30,35,36 The treatment
durations ranged from 1 to 6 months. Vaginally delivered cBHT
was used in all included studies. No significant changes were
found for vaginal estrogen or vaginal testosterone in the sub-
group analysis, probably because of a small number of studies for
each type of hormone (Fig. 6A). However, when the data of
vaginal testosterone and vaginal DHEA were combined, there
was a significant association between vaginally applied

androgen and improved symptoms (SMD S0.66 [95% CI,
S1.28 to S0.04]; I2 U 86.70%).

Vaginal atrophy, specifically vaginal dryness and dyspar-
eunia, is a major contributor to female sexual dysfunction and is
closely related to all domains of the Female Sexual Function
Index (FSFI).56 The change of FSFI and other female sexual
function scores can be surrogate measures for the change of
vaginal atrophy. FSFI was assessed in a total of five RCTs using
vaginal estradiol, vaginal testosterone, vaginal DHEA, or oral
DHEA (n U 598 patients).15,29,31,35,36,46 Treatment durations
were from one and a half months to 1 year. Because of the
different absorption profile between vaginal and oral dosage
forms, meta-analysis was performed separately for the vaginal
hormones and oral DHEA. In the synthesized data of all vaginal
hormone combined, vaginal cBHT was associated with
improvements in arousal, lubrication, satisfaction, pain, and
the overall score (Fig. 6B). When combining testosterone and
DHEA to examine the efficacy of compounded vaginal andro-
gen (n U 527 patients), significant associations were found in
the improvements of arousal (SMD S0.31 [95% CI, S0.48 to
S0.14]; I2 U 0.0%), lubrication (SMD S0.30 [95% CI, S0.53
to S0.08]; I2 U 32.4%), satisfaction (SMD S0.38 [95% CI,
S0.55 to S0.21]; I2 U 0.0%), and pain (SMD S0.44 [95% CI,
S0.70 to S0.18]; I2 U 44.2%). The subgroup analysis restricted
to compounded vaginal testosterone (n U 102 patients) consis-
tently revealed significantly improved function in lubrication
(SMD S0.69 [95% CI, S0.86 to S0.51]; I2 U 0.0%) and
satisfaction (SMD S0.71 [95% CI, S1.21 to S0.21];
I2 U 0.0%) (Fig. 6B). To further validate the results obtained

FIG. 5. Random-effects meta-analysis of the risk of adverse event with (A) compounded estradiol; (B) compounded estriol; (C) compounded
progesterone; (D) compounded testosterone; and (E) compounded DHEA. DHEA; dehydroepiandrosterone.
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from FSFI, the changes of total female sexual function scores of
different scales were analyzed. Similarly, significant associa-
tions were detected for compounded testosterone (SMD S0.60
[95% CI, S1.01 to S0.19]; I2 U 47.1%) (Fig. 6C). However,
there was no association between oral DHEA and improved total
sexual function scores (Fig. 6C).

Vaginal pH is another measurement highly correlated with
vaginal atrophy symptoms in postmenopausal women.57

Three trials utilized vaginal pH to evaluate the efficacy of
vaginal estrogen or androgen in 175 women.15,30,35,36 Treat-
ment duration ranged from 2 to 3 months. Association
between reduction of vaginal pH and vaginal estradiol or
vaginal testosterone was shown in independent trial (Fig. 6D).
Compounded vaginal androgen, analyzed by combining a
study with vaginal testosterone and a study with vaginal
DHEA, did not reveal significant association (SMD S1.30
[95% CI, S2.80 to 0.19]; I2 U 0.0%). However, the meta-
analysis of all types of vaginal hormones found the associa-
tion between reduced vaginal pH and vaginal cBHT compared
with placebo treatment (SMD S0.99 [95% CI, S1.46 to
S0.52]; I2 U 13.0%) (Fig. 6D).

Overall, vaginal dosage forms of cBHT were associated
with improved vaginal atrophy symptoms in available pla-
cebo controlled RCTs. Vaginal androgen, especially vaginal

testosterone, was also associated with improved female sexual
function, but oral DHEA was not.

Other secondary outcomes analysis—vasomotor
symptoms, change of serum hormone levels and BMD

Vasomotor symptoms, even though they are common in
postmenopausal women, were not thoroughly studied in the
included RCTs. There were only two trials investigating the
improvement of vasomotor symptoms following cBHT. Leo-
netti et al21 showed the symptoms were significantly relieved
in most patients after 1 year of therapy of topical progesterone
(n U 47 patients). In the other study, oral combined estrogen
plus progesterone failed to show significant symptom relief
after 2 months (n U 13 patients).27 Data were inadequate to
perform meta-analysis.

In the 29 RCTs, 2 studies tested hormone levels in
saliva,17,19 in contrast with 23 trials that measured serum
hormones. Therefore, the meta-analysis focused on serum
hormone levels. In all included trials, serum samples were
taken in the morning right before the next dose and at least
1 month after initiation, when steady state was achieved. For
studies with multiple time points, the last steady-state time-
point was used in the meta-analysis (Fig. 7). The changes of
the steady-state hormone levels after corresponding cBHT

FIG. 6. Random-effects meta-analysis of the association between cBHT and (A) the change of vaginal atrophy symptom scores; (B) the change of FSFI
domains and the overall score; (C) the change of female sexual function total scores evaluated by different scales; (D) the change of vaginal pH. To
ensure all ‘‘favor cBHT’’ is on the left and all ‘‘favor control’’ is on the right, the SMD of vaginal atrophy symptom scores, FSFI, and other female
sexual function total scores were calculated by ‘‘control minus case.’’ cBHT, compounded bioidentical hormone therapy; CFSQ, the Changes in Sexual
Functioning Questionnaire; FSFI, female sexual function index; McCoy FSQ, the McCoy Female Sexuality Questionnaire; PFSF, the Profile of Female
Sexual Function; SMD; standard mean difference; SPEQ, the Short Personal Experience Questionnaire; SSRS, Sabbatsberg Sexual Self-Rating Scale.
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were assessed in 2 RCTs for compounded estradiol (n U 51
patients),15,16 1 for compounded estriol (n U 37 patients),16 3
for compounded progesterone (n U 80 patients),20,22,25 3 for
compounded testosterone (n U 217 patients),28,32,34 and 7 for
compounded DHEA (n U 615 patients).35-37,39,43,45,48,51

Treatment duration varied from 2 weeks to 1 year.
For compounded estrogen, no significant change of serum

estradiol was detected with vaginal estradiol in two RCTs
(Fig. 7A). Compounded vaginal estriol was studied in only
one trial. Serum estriol level was not reported. No change was
detected in the serum estradiol as expected because estriol does
not convert to estradiol (Fig. 7A). Compounded vaginal or
topical (or ‘‘transdermal,’’ as was referred to in the NASEM
report) progesterone significantly increased serum progester-
one levels in all three independent studies; however, the
association was not significant in the meta-analysis (n U 56
patients) (Fig. 7B). Serum estradiol levels were not affected in
the two trials using compounded vaginal progesterone. Two
studies using 300 mg of compounded vaginal testosterone
consistently showed no change of serum testosterone levels
compared with placebo.29,32 With 5 mg of compounded vaginal
testosterone in a trial comparing with an FDA-approved vaginal
estrogen, significant elevation of serum total testosterone was
found in the testosterone group.33 When 10 mg of compounded
testosterone was delivered through vaginal or topical route in
two trials, significantly increased testosterone levels were also
detected in serum.28,34 Absorption of compounded testosterone
may be dose dependent. No significant association was seen in

the meta-analysis (Fig. 7C). Compounded oral DHEA was
significantly associated with elevated serum levels of DHEA
(SMD S1.54 [95% CI, S2.87 to S0.22]; I2 U 56.8%), and its
sulfate—DHEAS (SMD S1.29 [95% CI, S1.96 to S0.61];
I2 U 75.4%) (Fig. 7D). Significantly increased estrone, free
testosterone, and total testosterone were also observed follow-
ing use of compounded DHEA (See Figure S4, Supplemental
Digital Content 1, http://links.lww.com/MENO/A895). Only
one trial studied vaginal DHEA, and significant increase of
serum DHEAS was shown at two different doses of DHEA.35,36

In addition, two RCTs studied combination estrogen plus
progesterone, one used oral route and the other used topical
Bi-est plus oral progesterone.26,27 Oral estradiol 2 mg in com-
bination with oral progesterone 100 mg significantly increased
serum estradiol level. The other trial compared between three
doses of a compounded Bi-est (estriol: estradiol 80:20) cream
plus compounded oral progesterone, and an FDA-approved
estradiol patch plus an FDA-approved progesterone product.26

This trial showed comparable serum progesterone levels in all
groups. This is the only comparison in all available RCTs that
compared between cBHT and an FDA-approved product of the
same dosage form and strength. The 100 mg compounded oral
progesterone resulted in similar change of serum progesterone
as Prometrium. But lower serum estradiol levels were observed
in patients using compounded Bi-est cream.

BMD was assessed in 4 RCTs (n U 347 patients) with
durations from 6 months to 1 year, among which 3 studies
used compounded oral DHEA,44,45,53 and 1 study utilized

FIG. 7. Random-effects meta-analysis of the association between cBHT and the changes of its corresponding serum hormone levels. (A) Compounded
estrogen and the change of serum estradiol levels; (B) compounded progesterone and the change of serum progesterone level; (C) compounded
testosterone and the change of serum free and total testosterone levels; (D) compounded DHEA and the change of serum DHEA or DHEAS levels. To
ensure all ‘‘favor cBHT’’ is on the left and all ‘‘favor control’’ is on the right, the SMD of serum hormone levels were calculated by ‘‘control minus
case.’’ cBHT, compounded bioidentical hormone therapy; DHEA, dehydroepiandrosterone; DHEAS, dehydroepiandrosterone sulfate; SMD, standard
mean difference.
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compounded progesterone cream.21 No significant associa-
tion was found between cBHT and changes of BMD (See
Figure S5A, Supplemental Digital Content 1, http://link-
s.lww.com/MENO/A895). Two of the included RCTs studied
the 1-year effect of compounded oral DHEA 50 mg, with each
study showing a significant increase in lumbar BMD inde-
pendently. When the two studies were pooled in secondary
analysis, the improvement was not significant, likely due to
the small number of studies (See Figure S5B, Supplemental
Digital Content 1, http://links.lww.com/MENO/A895). No
significant change in bone markers was observed following
cBHT (See Figure S6, Supplemental Digital Content 1, http://
links.lww.com/MENO/A895).

DISCUSSION

Summary of main findings
In this systematic review and meta-analysis of 29 RCTs

involving 1,808 perimenopausal and postmenopausal women,
cBHT was not significantly associated with altered lipid
profile and glucose metabolism, which are risk factors for
cardiovascular disease. There were insufficient data on BP
and clotting factor for a meta-analysis. No significant change
of endometrial thickness measured by TVS was observed with
cBHT in studies lasting 2 months to 1 year. Endometrial
sampling that might identify endometrial proliferation, hyper-
plasia, or cancer was not performed as a safety measure. The
risk of adverse events resulting from cBHT was comparable to
placebo, except for a higher risk of androgenic side effects
observed with compounded DHEA therapy. In the efficacy
analysis, vaginal forms of androgen were associated with
improved vaginal atrophy symptoms. This finding was also
supported by the results of improved female sexual function
and reduced vaginal pH following vaginally delivered andro-
gen. Vaginal estrogen was not associated with significantly
improved vaginal atrophy symptom scores but was shown to
reduce vaginal pH and improve FSFI lubrication, orgasm, and
total scores. Oral DHEA, however, was not effective in
improving total sexual function scores in included trials.
There were inadequate data to assess vasomotor symptoms
in the meta-analysis.

Serum hormone levels do not necessarily predict efficacy
or safety; however, The North American Menopause Society
(NAMS) and NASEM often express the need for more
information to show cBHT is being absorbed. FDA also
recommends human pharmacokinetics study to be performed
when comparing different designs of hormone products dur-
ing clinical evaluation. While these organizations might not
recommend monitoring levels for treating symptoms, a survey
recently presented at NAMS 2021 Annual Meeting involving
more than 400 US cBHT practitioners showed almost all
physicians evaluated hormone levels on a regular basis in their
practice.58 Therefore, examining the absorption of cBHT is
necessary. Pharmacokinetic studies suggested that although
the absorption was influenced by the types of hormones,
routes, and strengths, consistent trends were shown across

studies. Compounded combination of oral estradiol 2 mg with
progesterone 100 mg significantly increased serum estradiol
level, and the level remained in the physiologic range for
reproductive-aged women. Compounded vaginal estrogen at
10 mg or 25 mg is unlikely to increase serum estradiol, while
vaginal progesterone at 300 mg or topical progesterone at
40 mg may have significant systemic absorption. Topical
testosterone at 10 mg significantly increased both total and
free testosterone levels. Vaginal androgen may also increase
corresponding serum androgen levels when doses reach sev-
eral milligrams. Oral DHEA at 50 to 100 mg led to consistent
elevation of serum DHEA and DHEAS.

The findings were generated from RCTs, and there was a
consistent trend across studies despite heterogeneity likely
due to various cBHT regimens. Therefore, the certainty of
evidence is considered moderate to high. The collective
findings from this meta-analysis will help to expand our
current knowledge of cBHT, to suggest the need of re-
evaluating the safety and efficacy of the commonly prescribed
cBHT preparations, and to provide guidance on future clinical
trials of cBHT.

Agreements and disagreements with other reviews
This study was conducted in the wake of the recent

NASEM report that evaluated the safety, effectiveness, and
utilization of cBHT. A similar objective and search strategy as
the NASEM report was applied to this study. In addition to
including articles containing the key terms of cBHT in the
title, keywords, or abstract as NASEM did, we expanded the
full-text review to any article that did not specifically state
using commercial products. We thus uncovered additional
studies not reviewed by NASEM. To overcome the method-
ological limitations and insufficient power in individual
studies, we extracted and pooled data that used the same
methodology and measures into a meta-analysis. We evalu-
ated risk factors for cardiovascular disease and identified
limited information in RCTs, with data available only on
lipid profile and glucose metabolism for meta-analysis. These
risk factors were not adequately discussed in the NASEM
report. In this review, no significant adverse changes of lipid
profile or glucose metabolism were found with the use of
compounded androgen. A systematic review and meta-analy-
sis of DHEA therapy in postmenopausal women with normal
adrenal function also showed similar results in lipids and
glucose.59 Consistent evidence was discussed in the 2005
NAMS position statement and in the recent 2019 international
global statement regarding testosterone therapy.60,61 It must
be noted that clinical cardiovascular events have not been
studied with cBHT. FDA approved oral conjugated equine
estrogen, although exhibited favorable lipid profile, was
found to associate with increased CVD events.62,63 While
we do not have specific evidence of this risk for cBHT, we
cannot rule it out as a possibility, so caution must be exer-
cised. The meta-analysis, including various formulations of
compounded estradiol, progesterone, testosterone, and
DHEA, showed no change in endometrial thickness. Although
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endometrial thickening is correlated with a higher risk of
endometrial cancer, short-term studies of endometrial thickness
are inadequate to assess the risk of endometrial cancer. The
change of endometrial thickness was not assessed in the
NASEM report. In 2019, four major professional societies
had reached a consensus on the clinical need for testosterone
therapy for female sexual dysfunction in a Global Consensus
Position Statement, which seven other professional organiza-
tions endorsed.61 Only topical testosterone products that are
FDA-approved for use in males were recommended in the
consensus to be given off-label for women.61 In the current
review, two high-quality RCTs using 300 mg/mL compounded
vaginal testosterone cream showed improved sexual function
scores individually and in the meta-analysis, consistent with
NASEM’s findings from other randomized trials.29,31 How-
ever, the androgenic side effects which concerned NASEM
were not seen in the meta-analysis. These data suggest a
reconsideration by professional societies of the benefits and
risks of compounded testosterone for female patients.

Even though compounded estriol and estradiol have the
least available studies so far, consistent data have been seen
with approved bioidentical hormone products. Low-dose
vaginal estradiol was recommended by the 2020 NAMS
position statement for vaginal atrophy because of the low
systemic absorption, favorable safety profile, and satisfactory
efficacy profile.64 No significant change of serum estradiol
was identified in women using vaginal estradiol in previous
systemic reviews.65,66 Our review identified similar findings
from two RCTs involving compounded low-dose vaginal
estriol or estradiol cream/gel. Furthermore, a well-powered
RCT with low risk-of-bias also demonstrated the benefits of a
compounded vaginal estradiol preparation for vaginal atro-
phy.15 In contrast, compounded oral estradiol increased serum
estradiol levels to a comparable level as FDA-approved oral
estradiol.27,67 The pharmacokinetic study of compounded Bi-
est creams conducted by Sood et al has attracted much
attention. Notably, this study has several major limitations.
The estradiol and estriol were compounded in Vanicream,
which was not designed as a drug delivery system for hor-
mones in compounded medications. Instead, it is more com-
monly utilized for topical applications and skincare.
Moreover, an in vitro study has shown higher percutaneous
absorption of progesterone in VersaBase cream—a widely
used vehicle for cBHT, than in Vanicream.68 Therefore, the
lower hormone delivery by Vanicream found in this study
may not be extrapolated to other compounded formulations
using different vehicles. Not only does the delivery vehicle
affect the bioavailability of hormones, but different dosage
forms also can result in different drug release and absorption
profiles. This variability in bioavailability, drug release, and
absorption profiles is a principal concern for the use of cBHT.
Without proving the bioequivalence, the transdermal patch
used in this study is not suitable to be compared side by side
with a compounded cream. These limitations prevent the
generalization of the findings to other cBHT preparations,
and they were also acknowledged in the NASEM report.

There is no FDA-approved oral DHEA product available to
validate our findings of the compounded oral DHEA; how-
ever, consistent impact on serum hormone levels has been
observed across the studies and the meta-analysis. Impor-
tantly, elevated serum hormone levels were still in the post-
menopausal range or at the lower end of premenopausal
levels. In this review, a well-designed RCT showed the
positive effects of a compounded vaginal DHEA gel in serum
hormone levels, dyspareunia, and female sexual dysfunc-
tion.35,36 Similar benefits were also published with Intrarosa,
the vaginal insert, and only FDA-approved DHEA product.69

We did not find a significant association between cBHT
and increased BMD during 6 months or 1-year of therapy.

More RCTs will be needed to inform conclusions regarding
other outcomes such as blood pressure and clotting factors.
Questions remain about the risk of breast cancer, cognitive
function, and mental health. High-quality RCTs are lacking in
these important areas as of today.

Strengths and limitations
To our knowledge, this is the first comprehensive review of

the safety and efficacy of cBHT in perimenopausal and
postmenopausal women using meta-analysis. Other strengths
of this review include a thorough literature search reviewing
more than 3,000 full-text articles to identify cBHT-related
studies and uncover data that has not been evaluated before.
Only RCTs were analyzed in this review, indicating the high
quality and reliability of the evidence. Among these RCTs, 25
out of 29 studies had a low to moderate risk of bias, and the
impact from the four studies with a high risk of potential bias
has been tested and shown not to affect the overall trend of the
results. All data were transformed to SMD in the meta-
analysis, enabling the synthesis of the same outcome data
measured in various ways. Additionally, all included com-
pounded testosterone trials were well powered with low to
moderate risk of bias and similar characteristics of partic-
ipants, suggesting they are high-quality evidence. For those
trials that were underpowered, or power analysis was not
reported, this limitation can be minimized using the meta-
analysis to reach higher power. A conservative statistical
model was employed to the meta-analysis containing a small
number of trials, and multiple analytical methods were used to
validate the results, which ensured the reliability and confi-
dence of the findings.

The review has several limitations. First, not all studies
provided suitable data for meta-analysis, and not all HT-
related outcomes were measured in these studies. Surrogate
endpoints were used for some outcomes. There are small
numbers of subjects with short durations in many trials. For
example, endometrial biopsy after 1 year of therapy is more
clinically meaningful than endometrial thickness measured at
less than 1 year of therapy when assessing the risk of
endometrial cancer. Clinical endpoints such as clinical car-
diovascular events and endometrial biopsies may be priorities
for future trials to examine. Second, none of the enrolled
participants were followed up beyond 1 year. Long-term
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follow-up will be necessary for future studies. Third, only one
clinical trial was identified which directly compared a cBHT
formulation to an FDA-approved formulation. The results of that
trial showed the two formulations yield similar outcomes, and we
would like to see more data with other formulations. We hope the
current study will urge researchers to include such comparisons
in future trials. The current regulatory environment limits the
claims compounders may make comparing their formulations to
FDA-approved formulations. Therefore, perhaps this leads to
reduced incentives to conduct this type of study. Fourth, fewer
RCTs of compounded estradiol and estriol are available com-
pared with other hormone regimens. A further review of com-
pounded estradiol and estriol, including high-quality non-
randomized trials, may be valuable. Fifth, there may be missing
studies from the 153 articles that did not specify if the hormones
were compounded or commercial products. Sixth, the patient-
specific dosing regimens were not fully reflected in these studies,
possibly due to the complexity of the process in a controlled
clinical trial. Incorporating personalized dosing is likely to
improve patient outcomes, so the efficacy results reported in
this study were more conservative without dosing adjustment.
Future trials may consider involving interventions that allow
certain adjustments. Seventh, some outcomes were evaluated by
small studies and not all details of all dosage forms and routes of
administration were consistent in these RCTs. Eighth, a majority
of the studies measuring serum hormone levels adopted validated
immunoassays. For more accurate and reliable measurements,
future clinical trials should consider using liquid chromatogra-
phy/tandem mass spectrometry. Lastly, other utilizations of
cBHT, such as in vitro fertilization, primary ovarian insuffi-
ciency, or for male patients, were not evaluated because the
population was outside the scope of this review.

Applicability
Patients are better informed about medical options than

ever before. As clinicians and regulators seek to better
understand the benefits and risks of various therapies, it is
important that the totality of available information be consid-
ered through an unbiased lens. This study is one step toward
assessing the clinical literature for cBHT in perimenopausal
and postmenopausal women. Additional data are available
from various sources that did not meet the criteria for inclu-
sion in the current study. Compounded androgen, with a
relatively larger number of studies, was found associated
with potential benefits in improving vaginal atrophy symp-
toms and female sexual dysfunction. More studies are desired
for compounded estrogen and progesterone to consolidate the
findings in the present study. The need for personalized
medicine are growing. The current evidence from placebo-
controlled trials does not identify specific safety concerns;
however, current evidence is based on short-term studies with
limited endpoint measures. Results from meta-analysis sug-
gest that some patients may experience some benefits from
vaginal androgen therapy. It is noteworthy that potential
benefit of vaginal estradiol in female sexual dysfunction was
also suggested in a good-quality RCT. Although meta-analysis

cannot be performed with the single study of vaginal estradiol,
the data should not be ignored. More studies are needed to
further investigate this formulation. Current data are insuffi-
cient to assess hot flashes and BMD. Bioavailability and
pharmacokinetics of cBHT is difficult to evaluate due to
diversity of preparations; however, consistent trends were
observed across included RCTs using serum samples. Systemic
absorption was found with compounded oral estradiol plus
progesterone, compounded topical testosterone, higher dose of
compounded vaginal androgens (ie, 10 mg of vaginal testoster-
one, or 3.25 mg of vaginal DHEA), and compounded oral
DHEA, but absorption was not detected with low doses of
compounded vaginal estrogens (ie, 25 mg) or vaginal testoster-
one (ie, 300 mg). Compounded oral progesterone resulted in
comparable change of serum progesterone as an FDA-
approved product in a RCT. These pharmacokinetic measure-
ments were limited by using immunoassay instead of the gold
standard LC-MS/MS. Well-designed long-term studies to bet-
ter assess risk and benefit are needed. More studies are also
needed to perform meta-analysis on bioavailability and phar-
macokinetic measurements, especially for topical estrogens.

CONCLUSIONS
In this systematic review and meta-analysis of primarily short-

term RCTs in perimenopausal and postmenopausal women, and
recognizing the limits of the available evidence, cBHT was
found beneficial with respect to vaginal androgens without
showing major safety concerns for lipid profile, glucose metab-
olism, endometrial thickness, or severe adverse events. Consis-
tent trends in changes of serum hormone levels were observed
across included studies. There are not enough published clinical
trials to assess the effects of cBHT on hot flashes and no benefits
were found on BMD in current short-term studies. More long-
term studies are needed to draw conclusions on the clinical
cardiovascular events, the risk of breast cancer, endometrial
cancer, and the prevention of bone loss.
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