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Context: Hormone therapy (HT), the most efficient treatment for menopausal symptoms, might
have deleterious cardiovascular (CV) effects.

Objective: This study aimed to evaluate the effects of low-dose estrogen HT on CV risk factors vs
conventional-dose HT and placebo in postmenopausal women with no established CV disease.

Data Sources: MEDLINE, Cochrane Central, and EMBASE were searched for trials published in 1990–
2013; a hand search of reference lists of selected articles was performed; and ClinicalTrials.gov was
searched for unpublished trials.

Study Selection: Within randomized controlled trials of healthy postmenopausal women com-
paring low-dose HT to placebo or conventional-dose HT, 11 418 studies were initially identified.

Data Extraction: Data were independently extracted by two investigators. Disagreements were
resolved by a third author.

Data Synthesis: Twenty-eight trials (3360 patients) were included. Low-dose HT vs placebo or
conventional-dose HT did not effect weight, body mass index (BMI), blood pressure, C-reactive
protein, or high-density lipoprotein cholesterol (HDL-C). Low-dose HT was associated with lower
levels of total cholesterol (�12.16 mg/dL, 95% confidence interval [CI], �17.41–�6.92) and low-
density lipoprotein cholesterol (LDL-C) (�12.16 mg/dL; 95% CI, �16.55–�7.77) vs placebo. Com-
pared with conventional-dose HT, low-dose HT was associated with higher total cholesterol (5.05
mg/dL; 95% CI, 0.88–9.21) and LDL-C (4.49 mg/dL; 95% CI, 0.59–8.39). Low-dose HT was not as-
sociated with differences in triglycerides vs placebo. Oral, low-dose HT was associated with lower
triglycerides vs conventional-dose HT (�14.09 mg/dL; 95% CI, �24.2–�3.93).

Conclusion: In this population of apparently healthy postmenopausal women, the effect of low-
dose HT did not differ from that of placebo or conventional-dose HT regarding weight, BMI, blood
pressure, CRP, or HDL-C. In contrast, low-dose HT was associated with better lipid profile vs placebo,
and induced higher total and LDL-C and lower triglycerides vs conventional-dose HT. (J Clin En-
docrinol Metab 100: 1028–1037, 2015)
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Hormone therapy (HT) is the most efficient treatment
for menopausal symptoms such as hot flashes,

which affect 75% of women older than 50 years of age (1).
However, the effects of HT on cardiovascular (CV) risk re-
main controversial (2). The publication of the Women’s
Health Initiative (WHI) study in 2002 drew attention to a
possible increase in theprevalenceofCVevents inpostmeno-
pausal women using HT (3). The WHI study reported a sig-
nificant increase in myocardial infarction (MI), venous
thromboembolism, and stroke in postmenopausal women
receiving HT compared with those receiving placebo (3, 4),
contradicting the findings of previous observational studies
(5, 6), which had indicated a cardioprotective effect of HT in
this population. A detailed analysis of the WHI study high-
lighted the negative effect of factors such as aging (7), pres-
enceofCVrisk factors (8,9), andyears sincemenopause (10)
on CV events. It also suggested the need for further clinical
trials to test lower HT doses and alternative routes of ad-
ministration (11–13).

Conventional estrogen doses may produce supraphysi-
ological plasma concentrations of estrogen in postmeno-
pausal women, leading to CV risk (14) and harm associated
with disturbances in thrombogenesis and vascular remodel-
ing (15). Lower HT doses seem to be related to lower risk of
venous thromboembolism (16–18) and stroke (19). How-
ever, randomized clinical trials comparing CV risk associ-
ated with conventional vs lower-dose HT are not yet avail-
able (20), and dose-dependent effects of HT on variables
related to CV risk have only been studied in small clinical
trials (11, 21–25).

For a better understanding of the effects of low-dose HT
on CV risk, we conducted a systematic review with meta-
analysis of pooled data from randomized clinical trials
(RCTs) reporting on variables related to CV risk (weight,
body mass index [BMI], blood pressure [BP], C-reactive pro-
tein [CRP], and lipids) in postmenopausal women with no
evidence of CV disease.

Materials and Methods

This systematic review with meta-analysis was performed in accor-
dance with Cochrane Collaboration guidelines (26) and the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analysis
(26).

Eligibility criteria and trial selection
We gathered data from RCTs designed to assess the effects of

low-dose HT on variables related to CV risk in postmenopausal
women. Studies were included if they 1) were RCTs of healthy
postmenopausal women, comparing low-dose HT to placebo or
conventional-doseHT;2) includedat least15patients ineachgroup
of interest;3)providedextractabledataonat leastoneCVvariables,
namely BP, BMI, weight, total cholesterol (TC), low-density lipo-

protein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), triglycerides, CRP; and 4) were published in English.

Conventional-dose HT was defined as at least 0.625 mg conju-
gated equine estrogen and equipotent doses of other formulations:
2 mg estradiol valerate or oral 17�-estradiol, 150 �g percutaneous
17�-estradiolgel,50�g17�-estradiolpatches,or300�g intranasal
estradiol (3, 10, 11, 15, 27). All formulations employing lower
doses than those classifiedas conventionalweredefinedas lowdose
(�0.3 mg conjugated equine estrogen, �1 mg estradiol valerate or
oral17�-estradiol,�100�gpercutaneous17�-estradiolgel, l50�g
17�-estradiol patches, or �300 �g intranasal estradiol).

For studies with multiple doses, we defined as experimental the
group receiving the lowest dose of estrogen associated with the
lowest dose of progesterone. The control group was defined as pla-
cebo or conventional-dose HT. Groups receiving intermediate
doses were not included in the analyses. Similarly, studies with low-
dose estrogen but without placebo or conventional doses for com-
parison were excluded from the analyses.

For multiple articles on the same sample, the article containing
the most complete information was chosen. For crossover studies,
the entire treatment period was included if the study clearly de-
scribedtheabsenceofcarry-overeffects inthestatisticalanalysis;or,
if the study did not describe this analysis, only the results of the first
period of treatment were considered.

Eligibility assessment was performed independently in an un-
blended, standardized manner by two reviewers (G.C. and R.B.R.).
Inconsistencies between these two reviewers were settled by a third
reviewer (P.M.S.).

Search strategy
MEDLINE(accessedthroughPubMed),CochraneCentralReg-

ister of Controlled Trials (Cochrane CENTRAL accessed through
Wiley Science) and EMBASE were searched comprehensively to
identify RCTs published between January 1990 and August 2013.
The last search was run in August 2013. The search strategy is
available as Supplemental Materials and Methods.

We also searched http://ClinicalTrials.gov to retrieve RCTs
with unpublished results. Finally, we searched the references of
published studies, and relevant reviews and meta-analyses re-
garding the role of HT in postmenopausal women were exam-
ined to identify additional studies for inclusion.

Data extraction
Titles and abstracts of all articles retrieved were independently

evaluated by two investigators, and full-text evaluation was per-
formed when necessary. G.C. and R.B.R. evaluated and selected
these articles for inclusion in the analyses. Disagreements were re-
solved by consensus or by consultation to a third reviewer (P.M.S.).
If therequireddatawerenot located inthepublishedarticle,authors
were contacted to provide the missing information.

The data collected included: first author and study group, pub-
lication year, journal, number of patients, mean age, time since
menopause (when possible), pre-existing disease, medications,
country, predominant race of participants, number of participants,
intervention regimens, type of control (placebo or no treatment),
duration of followup, and values of the variables of interest
(weight, BMI, BP, CRP, and lipids).

Assessment of risk of bias
The quality of trials was independently assessed by two review-

ers following the Cochrane Handbook for Systematic Reviews of
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Interventions (26) on the basis of adequate random sequence gen-
eration, allocation concealment, blinding of participants and per-
sonnel, blinding of outcome assessment, incomplete outcome data,
and intention to treat analysis.

To assess publication bias, funnel plots were created and an-
alyzed by visual inspection.

Data analysis
Individual studies evaluated the variables of interest before and

after treatment in each arm. However, because most studies did not
provide information on SDs for pre- and post-treatment variables,
pooled-effect estimates were obtained using after-treatment mea-
surements only.

Results were presented as mean differences between treat-
ment arms with 95% confidence intervals (CIs). Calculations
were performed using a random effects model because the studies
were not sufficiently similar to warrant the use of a fixed-effects
model. P � .05 was considered statistically significant. Hetero-
geneity was assessed using I2-test and Cochrane Q statistics. I2

greater than 25% indicated moderate heterogeneity and I2

greater than 50% indicated substantial heterogeneity. All anal-
yses were conducted using Review Manager 5.2 (Cochrane
Collaboration).

Meta-analyses were performed for two subgroups: low-dose
HT compared with placebo, and low-dose HT compared with
conventional dose. Each analysis was considered a subgroup.
Differences between subgroups were tested considering a signif-
icance of P � .05. Overall effects were informed only if subgroup
comparisons were not statistically significant.

To overcome unit-of-analysis error in studies with multiple
intervention groups (low-dose, placebo, and conventional dose),
the low-dose group (shared group) was divided by two; this al-
lowed two reasonably independent comparisons (low-dose com-
pared with placebo and low-dose compared with conventional
dose).

Sensitivity analysis was performed as prespecified: route of
administration (oral or nonoral estrogen HT) and type of HT
(unopposed estrogen or combined [estrogen-progestin] HT).
Nonoral low-dose HT subgroup analysis was not performed
because only two studies were available.

To evaluate whether the use of deltas instead of after-treat-
ment measurements would substantially affect the conclusions,
we repeated the analysis using deltas as the outcome for each
arm. For those analyses, we had to input SD values for the
changes, because in most of the studies they were missing. The
imputations were performed using three different values for
the before-after correlation coefficients: mean coefficient for
studies providing sufficient information, 0.5 (low correlation),
and 0.99 (high correlation). The conclusions were similar for all
the analyses.

Results

Description of studies
The search yielded 11 418 studies, of which 75 were

retrieved for detailed analysis (Figure 1). Twenty-eight tri-
als met the eligibility criteria and were included in the
meta-analyses (Table 1) (11, 21, 22, 24, 28–50). All these
studies had obtained approval from ethics committees.

Mean trial duration was 11.3 months (range, 2–26 mo)
and the mean age of participants (� SD) at baseline was
54.7 � 3.1 years.

Seven articles with low-dose HT were included in the
discussion, but not in the meta-analyses. Six articles only
evaluated low-dose therapy (no placebo or conventional
dose for comparison) (51–56), one (57) did not provide
sufficient information for inclusion in the meta-analysis,
and two had incomplete data on one or more of the vari-
ables of interest and were not available from the authors
(24, 46).

Methodological quality and risk of bias
Random allocation of treatment was performed in 24

studies (11, 21, 22, 24, 28, 29, 31–37, 40–48, 50, 58).
Allocation concealment methods were reported in 14
studies (11, 22, 31–37, 41, 42, 44, 47, 50). Thirteen trials
were double blinded (11, 21, 22, 24, 28, 31, 34, 36, 40, 41,
43, 44, 47).

Figure 2 summarizes the risk of bias for the 28 studies
included in meta-analyses. Funnel plots are shown as Sup-
plemental Figures 1–7).

Quantitative data synthesis: Effects of
low-dose HT

Weight
Data were available from four trials totaling 650 post-

menopausal women. One study evaluated low-dose HT vs

Figure 1. Flow diagram of the literature search and trials selection
process.
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placebo (30). Two studies compared low-dose and con-
ventional-dose HT (42, 48). One study (47) had three
arms. All studies employed estrogen-progestin.

Compared with placebo (�1.36 kg; 95% CI, �3.60–
0.87) (Figure 3) or conventional-dose HT (�1.44 kg; 95%
CI, �3.15–0.28) (Figure 4), low-dose HT was not asso-
ciated with changes in weight. The test for subgroup dif-
ferences was not significant (P � .96).

BMI
Data from five trials were available totaling 375 post-

menopausal women. All used oral, low-dose HT. Two stud-

ies evaluated low-dose HT vs placebo (29, 30). Two studies
involved low-dose and conventional-dose HT (32, 42). One
study (49) had three arms. Unopposed estrogen was used in
one study (49). Low-dose HT was not associated with
changes inBMIwhencomparedwithplacebo(�0.09kg/m2;
95% CI, �0.95–0.77) (Figure 3) or conventional-dose HT
(0.45 kg/m2; 95% CI, �0.38–1.28) (Figure 4). Sensitivity
analysis of combined estrogen-progestin low-dose HT did
reveal difference in the following: combined low-dose HT vs
placebo(�0.19kg/m2;95%CI,�1.08–0.69;P� .67);com-
bined low-dose HT vs conventional-dose HT (0.46 kg/m2;
95% CI, �0.39–1.31; P � .29) (data not shown).

Table 1. Characteristics of Studies Included in the Meta-analyses

Study No.

Mean Age,

Years Intervention Groups Control

Followup,

Months

Evaluated

Outcomes

Alexandersen et al (28) 301 57.9 � 3.8 1 mg 17 � estradiol � 0.5 mg NETAa; levormeloxifene 1,25;5;10;20 mg Placebo 13 TC, HDL-C, LDL-C
Angerer et al (PHOREA) (29) 197 58.3 � 4.5 1 mg 17 � estradiol � 25 mcg gestodene 14d/ma; 1 mg 17 � estradiol � 25

mcg gestodene 14days each three months

Placebo 12 BMI, BP

Bingol et al (30) 78 52.6 � 4.9 1 mg 17 � estradiol � 0.5 NETA Placebo 6 BMI, weight, BP, CRP,

TC, HDL-C, LDL-C,

TG
Brynhidsen et al (31) 266 55.2 � 4.8 0.025 mg 17 � estradiol TD � 0.125 mg NETA Placebo 12 TC, HDL-C, LDL-C, TG
Casanova et al (32) 40 51 � 2.7 1 mg 17 � estradiol � 2 mg drospirenone; 300 mcg 17 � estradiol

intranasal � 200 mg micronized progesterone 14d/m

4 BMI, BP, CRP, TC,

HDL-C, LDL-C, TG
Davidson et al (33) 264 58.1 � 5.8 1 mg 17 � estradiol;1 mg 17 � estradiol � 0.25 mg noretindrone acetatea;

1 mg 17 � estradiol � 0.5 mg noretindrone acetate

Placebo 6 TC, HDL-C, LDL-C, TG

Kraker et al (34) 362 55 � 5.1 1 mg 17 � estradiol � 5 mg dydrogesterone;0.625 EEC � 5 mg AMP 13 TC, HDL-C, LDL-C, TG
Gambacciani et al (35) 70 52.7 � 0.5 1 mg 17 � estradiol � 2 mg drospirenone 1000 mg calcium 3 BP
Hemelaar et al (36) 152 54.4 � 4.3 50 mcg 17 � estradiol TD; 1 mg 17 � estradiol; 1 mg 17b estradiol � 25

mcg gestodenea
Placebo 13 TC, HDL-C, LDL-C, TG

Hwanget al (EPAT) (37) 222 60.8 � 6.6 1 mg 17 � estradiol Placebo 6 TC, HDL-C, LDL-C, TG
Ichikawa et al (38) 38 55.1 � 6.9 36 mcg 17 � estradiol TD � 2.5 mg AMP 12d/m; 0.625 mg CEE � 5 mg

AMP 12d/m

12 BP

Kaya et al (39) 80 50.8 � 3.5 1 mg 17 � estradiol � 10 mg dydrogesterone 14d/m Placebo 12 BP
Koh et al (40) 57 57 � 1 0.625 mg EEC � 100 mg micronized progesterone; 0.3 mg EEC � 100 mg

micronized progesterone

2 CRP, TC, HDL-C,

LDL-C, TG
Lacut et al (41) 196 43–70 1 mg 17� estradiol � 100 mg micronized progesterone; 50 mcg 17 �

estradiol TD � 100 mg micronized progesterone 14 d/m

Placebo 6 CRP

Lobo et al (HOPE) (11) 749 51.6 � 3.7 0.625 mg EEC;0.625 mg EEC � 2.5 AMP; 0.45 mg EEC; 0.45 mg EEC � 2.5

mg AMP; 0.45 mg EEC � 1.5 mg AMP; 0.3mgEEC � 1.5 mg AMPa; 0.3

EEC

Placebo 24 TC, HDL-C, LDL-C, TG

Loh et al (21) 96 53.9 � 7.6 1 mg 17� estradiol � 0.5 mg NETA; 2 mg 17 � estradiol � 1 mg NETA 6 TC, HDL-C, LDL-C
Odabasi et al (42) 120 50.5 � 2.7 1 mg 17 � estradiol � 0.5 mg NETA 2 mg 17 � estradiol � 1 mg NETA 6 BMI, weight
Samsioe et al (43) 120 56 1 mg 17� estradiol � 0.25 mg NETAa 1 mg 17b estradiol � 0.5 mg NETA Placebo 12 TC, HDL-C, LDL-C, TG
Steiner et al (44) 222 61 1 mg 17� estradiol Placebo 24 BP
Stevenson et al (24) 579 56.4 � 4.7 1 mg 17� estradiol � 5 mg dydrogesterone 14d/ma;1 mg 17� estradiol �

10 mg dydrogesterone 14d/m; 2 mg 17� estradiol � 10 mg

dydrogesterone 14d/m; 2 mg 17� estradiol � 20 mg dydrogesterone

14d/m

Placebo 26 HDL-C (TC, LDL-C and

TG included in

systematic review)

Stork et al (PHOREA) (45) 203 60.2 � 4.3 1 mg of 17� estradiol � 25 mcg gestodene 12d/ma; 1 mg of 17� estradiol

� 25 mcg gestodene12d/m each three months

Placebo 12 CRP, TC, HDL-C,

LDL-C, TG
Tankó et al (46) 240 58 � 4 1 mg 17� estradiol � 1 mg drosperinonea; 1 mg 17� estradiol � 2 mg

drosperinone; 1 mg 17� estradiol � 3 mg drosperinone

Placebo 24 BP

Thorneycroft et al (HOPE) (47) 822 51.6 � 3.7 0.625 mg CEE; 0.625 mg CEE � 2.5 AMP; 0.45 mg CEE;0.45 mg CEE � 2.5

mg AMP; 0.45 mg CEE � 1.5 mg AMP; 0.3 mg CEE � 1.5 mg AMPa; 0.3

mg CEE

Placebo 24 Weight

Tugrul et al (48) 246 51.2 � 2.6 0.625 mg CEE � 2.5 AMP; 1 mg 17� estradiol � 0.5 mg NETA 12 Weight, TC, HDL-C,

LDL-C, TG
Van Baal et al (22) 30 52 � 3 1 mg 17� estradiol � 5 mg dydrogesteronea; 1 mg 17� estradiol � 10 mg

dydrogesterone

Placebo 15 CRP

Villa et al (49) 48 53.4 � 3.6 1 mg 17� estradiol; 2 mg 17� estradiol Calcium 500 mg 3 BMI
Villa et al (58) 40 52 � 3.3 1 mg of 17� estradiol � 2 mg drospirenone Placebo 6 BP, TC, HDL-C, LDL-C,

TG
Wakatsuki et al (50) 45 53.4 � 7.3 0.625 mg CEE; 0.3125 CEE Placebo 3 CRP, TC, HDL-C, LDL-

C, TG

Abbreviations: AMP, medroxyprogesterone acetate; CEE, conjugated equine estrogen; CRP � c-reactive protein; d/m, days per month; NETA,
norethisterone acetate; TD, transdermal; TG, triglycerides.
a Treatment at a low-dose selected for meta-analyses (for studies with multiple low-dose HT).
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BP
Data were available from nine trials including 843 post-

menopausal women. Seven trials evaluated low-dose HT
vs placebo (29, 30, 35, 39, 44, 46, 58). Two studies eval-
uated low-dose and conventional-dose HT (32, 38). Un-
opposed estrogen was used in only one study (44). Overall,
low-dose HT did not reach a statistically significant effect
on BP (Figures 3 and 4). There were no substantial changes
in the results when the one study with unopposed estrogen
(43) was removed from the analysis (data not shown).

CRP
Data were available from seven trials totaling 614 post-

menopausal women. Three studies evaluated low-dose
HT vs placebo (22, 30, 45). Two studies compared low-
dose with conventional-dose HT (32, 40), and two studies
(41, 50) had three arms. Unopposed estrogen was used in
only one study (50).

When compared with placebo, low-dose HT was asso-
ciated with nonsignificant differences in CRP (0.36 mg/L;
95% CI, �0.14–0.86) (Figure 3). No changes were ob-
served when low-dose HT was compared with conven-
tional-dose HT (�0.35 mg/L; 95% CI, �0.94–0.24) (Fig-
ure 4). Two studies employed transdermal agents in the
control group (32, 41). Sensitivity analysis of low-dose
oral vs conventional oral HT revealed a trend to increased
CRP with conventional oral doses (�0.67 mg/L; 95% CI,
�1.42–0.09, P � .07, data not shown). In the comparison
of combined estrogen-progestin low-dose HT vs placebo,
combined low-dose HT was not associated with substan-
tial changes in CRP (�0.11 mg/L; 95% CI, �0.71–0.49;
I2, 0%, data not shown).

Lipids
Data from 17 trials were available for TC (n � 2321)

and LDL-C (n � 2323), 18 for HDL-C (n � 2499), and 15
for triglycerides (n � 2127). Nine studies evaluated low-
dose HT vs placebo (11, 28, 30, 31, 33, 36, 37, 43, 45, 58).
Five studies compared low-dose HT with conventional-
dose HT (21, 32, 34, 40, 48). Four studies had three arms
(11, 24, 49, 50).

Three studies were performed with unopposed estro-
gen (37, 49, 50). Two studies employed nonoral HT in

the low-dose group (31) and in the conventional-dose
group (32).

TC
TC was lower with low-dose HT than with placebo

(�12.16 mg/dL; 95% CI, �17.41–�6.92) (Figure 3).
Conversely, the low-dose HT group had higher levels of
TC (5.05 mg/dL; 95% CI, 0.88–9.21) in comparison with
conventional-dose HT (Figure 4). Similar results were ob-
tained with sensitivity analysis of combined estrogen-pro-
gestin HT (low-dose estrogen–progestin HT vs placebo,
�12.21 mg/dL; 95% CI, �17.83–�6.60; P � .001; low-
dose estrogen–progestin HT vs conventional dose, 5.1
mg/dL; 95% CI, 0.96–9.42; P � .02) (data not shown) and
low-dose oral agents (vs placebo, �11.30 mg/dL; 95% CI,
�16.94–�5.67; P � .001; vs conventional dose, 5.4
mg/dL; 95% CI, 1.10–9.83; P � .02) (data not shown).
Significant heterogeneity was verified for TC vs placebo.
Sensitivity analyses did not reveal heterogeneity in this
subgroup.

LDL-C
When compared with placebo, the low-dose HT group

had lower LDL-C (�12.16 mg/dL; 95% CI, �16.55–
�7.77) (Figure 3). Conversely, a significant increase in
LDL-C was observed in the low-dose vs conventional-
dose group (4.49 mg/dL; 95% CI, 0.59–8.39) (Figure 4).
Sensitivity analysis of low-dose estrogen–progestin HT
was not associated with substantial changes (low-dose es-
trogen–progestin HT vs placebo, �11.8 mg/dL; 95% CI,
�15.57–�8.1; P � .001; low-dose estrogen–progestin
HT vs conventional dose, 4.4 mg/dL; 95% CI, 0.45–8.37;
P � .03) (data not shown). Oral low-dose agents also
produced similar results (vs placebo, �11.6 mg/dL; 95%
CI, �15.5–�7.6; P � .001; vs conventional dose, 5.18
mg/dL; 95% CI, 1.04–9.3; P � .001) (data not shown).

HDL-C
The effects of low-dose HT on HDL-C were not sig-

nificantly different from those of placebo (1.42 mg/dL;
95% CI, �2.75–5.58) (Figure 3) or conventional-dose HT
(1.01 mg/dL; 95% CI, �2.32–4.33) (Figure 4). Sensitivity
analysis of low-dose estrogen–progestin HT did not reveal
differences regarding HDL-C (vs placebo, 1.64 mg/dL;
95% CI, �3.4–6.7; vs conventional dose, 1.2 mg/dL;
95% CI, �2.6–5.0) (data not shown). Similar results were
obtained for oral low-dose HT agents (vs placebo, 1.4
mg/dL; 95% CI, �3.2–6.0; vs conventional dose, 1.4
mg/dL; 95% CI, �2.2–5.0). Sensitivity analysis did not
explain the heterogeneity observed.

Because of the high heterogeneity observed for HDL-C,
additional analyses were conducted. After removal of

Figure 2. Risk of bias summary of included studies.
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studies employing progestins with a more-androgenic pro-
file (11, 21, 48) from subgroup analyses of low-dose HT
vs conventional dose, the heterogeneity was reduced to
0% with no change in the effects on HDL-C (0.25 mg/dL;
95% CI, �1.89–2.39; I2, 0%, data not shown).

Triglycerides
No significant effects were observed for the compar-

ison of low-dose HT with placebo (�3.59 mg/dL; 95%
CI, �15.74 – 8.55) or conventional-dose HT (�10.69
mg/dL; 95% CI, �21.99 – 0.61) (Figures 3 and 4). Sig-
nificant heterogeneity was observed in both subgroups.
Sensitivity analyses of oral agents showed significantly
lower levels of triglycerides in the low-dose group vs
conventional-dose group (�14.09 mg/dL; 95% CI,
�24.2–�3.93; P � .01) (data not shown). For oral low-
dose HT compared with placebo, no significant differ-
ences were observed (1.01 mg/dL; 95% CI, �13.5–
11.5) (data not shown).

Removal of two unopposed estrogen studies (49, 50)
resulted in a decrease in heterogeneity and in significantly
lower levels of triglycerides when oral low-dose HT was
compared with oral conventional dose (�11.1 mg/dL;
95% CI, 17.1–�5.02, I2, 0%) (data not shown).

Discussion

In this systematic review with meta-analysis of low-dose
HT RCTs, 28 clinical trials were pooled for a total of 3360
postmenopausal women without overt clinical disease.
Mean age was 54.7 years, and mean followup was 11.3
months. In this population of apparently healthy post-
menopausal women, the effect of low-dose HT did not
differ from that of placebo or conventional-dose HT re-
garding weight, BMI, BP, CRP, or HDL-C. In contrast,
whereas low-dose HT induced lower TC and LDL-C levels
compared with placebo, these effects were less effective

Figure 3. Effects of low-dose HT compared with placebo on cardiovascular risk factors in postmenopausal women.
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than those observed with conventional-dose HT. Triglyc-
eride levels were lower with oral low-dose HT compared
with conventional-dose HT, and similar to the levels
found with placebo.

We found only four studies assessing the effects of low-
dose HT on body weight, and the results suggest no
changes inweight after treatment. Springer et al (59), look-
ing for the effects of HT on body weight and its association
with leptin levels, also found that the available literature
does not provide evidence for an effect of HT in attenu-
ating weight gain in postmenopausal women. Gravena et
al (60), in a population-based study of 456 Brazilian post-
menopausal women, found that one of the factors most
stronglyassociatedwithoverweight at this stageof lifewas
not using HT. A review that aimed to summarize the lit-
erature regarding the effect of the menopause on body
weight and body composition concluded that estrogen-
only or estrogen-progestin therapy does not adversely af-
fect body weight and may ameliorate accumulation of
abdominal fat (61–63). Reduction of central fat accumu-
lation was also observed in clinical trials with low-dose
HT (56). The North American Menopause Society states
that hormonal therapy, regardless of type (estrogen or es-

trogen-progestin), does not cause overweight (20). Data
regarding the effects of HT on BP in postmenopausal
women with and without hypertension are controversial.
In our meta-analyses, we found nine trials with low-dose
HT in nonhypertensive women, and low-dose HT was not
associated with changes in BP. Four studies (32, 35, 46,
58) reporting the effects of 1 mg estradiol associated with
drospirenone, in nonhypertensive women, showed neu-
tral effect on BP. Angerer et al (29) and Bingol et al (30),
studying 1 mg oral estradiol associated with gestodene and
norethisterone acetate (NETA), respectively, found a re-
duction in diastolic BP, whereas systolic BP remained un-
changed. In contrast, theWHIstudy (3) founda significant
increase in systolic BP in women on HT vs placebo after 2
years of therapy. The Postmenopausal Estrogen/Progestin
Interventions (PEPI) trial (64) also found an increase in
systolic BP in all HT groups after 3 years. Differences
among trials may be attributable to several factors. Both
WHI and PEPI trials used conventional doses of HT and
conjugated equine estrogens. In addition, progestin regi-
mens also differed.

In the present study, CRP remained unchanged after
low-dose HT. We also found a trend toward higher CRP

Figure 4. Effects of low-dose HT compared with conventional-dose HT on cardiovascular risk factors in postmenopausal women.
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when comparing full-dose HT with low-dose oral HT,
although this result should be regarded with caution be-
cause of the small number of studies. An increase in CRP
levels has been consistently observed (8, 64, 65) after ad-
ministration of oral agents in conventional doses (66). A
study comparing the effects of oral and nonoral HT on
CRP reported significant differences (66). In fact, current
literature data suggest a neutral profile of nonoral HT on
CRP (67, 68). Although CRP levels may be regarded as a
predictor of coronary heart disease, mortality, and stroke
(69), the relationship between increased CRP in post-
menopausal women after HT and CV events is complex
and unclear.

We observed a significant reduction in TC and LDL-C
in the low-dose group compared with placebo. When low-
dose HT was compared with full-dose HT, the full dose
was more effective in reducing TC and LDL-C. These re-
sults confirm previously published data on the effects of
HT on lipids (55, 66). In the present review, we observed
a reduction in triglycerides when using low-dose oral HT.
A dose-dependent effect of oral HT on triglycerides has
been reported (11, 70), as well as different effects of oral
and nonoral HT on triglycerides (66, 71). Transdermal-
administered estrogen has less effect on serum lipids, prob-
ably due to the bypass of portal circulation, and thus a
minimal effect on hepatic metabolism (72). We were not
able to assess differences between oral and nonoral low-
dose HT with respect to effects on lipids because only one
study focusing on lipids and analyzing low-dose nonoral
HT was available (31).

Godsland (71) reviewed 248 studies published between
1974 and 2000 and reported an association of estrogen
HT with decreased in TC and LDL-C. Salpeter et al (66),
in a meta-analysis evaluating the effect of HT on compo-
nents of the metabolic syndrome, also described a reduc-
tion in TC following HT. In addition, those authors ob-
served reduced abdominal fat, mean arterial BP, and
increased levels of CRP after HT. Yet another systematic
review (73) reported a neutral effect of TH on BMI. A
difference between the present study and previous reviews
is dose stratification, which was had not been previously
performed.

There was significant heterogeneity in the analyses of
HDL-C, limiting the interpretation of the present data and
suggesting an absence of effects of low-dose HT on
HDL-C. Other studies have discussed whether different
types and regimens (cyclic or continuous) of progestins
can influence HDL-C levels (51, 53, 67, 72). More andro-
genic progestins may have an action on the reduction of
HDL-C (52). The application of sensitivity analyses to
explain heterogeneity showed that removing studies with
more androgenic progestins (11, 21, 48) resulted in het-

erogeneity (I2) of 0% and unchanged HDL-C levels. These
findings lead to other intriguing questions regarding the
relationship between estrogen doses and cyclic or contin-
uous progestin regimens (15, 72, 74).

Limitations of the present study include 1) the reduced
number of studies for some variables, 2) different HT
doses and regimens and different types of estrogen and
progestins, 3) different lengths of followup among the
pooled studies, 4) different time since menopause when
HT was administered, and 5) limiting the language of pub-
lication to English. These limitations highlight the need for
further clinical trials to clarify the observed interactions
between doses of HT and systemic effects.

In conclusion, the present results support the notion
that low-dose HT does not differ from placebo or con-
ventional-dose HT regarding effects on weight, BMI, BP,
CRP, or HDL-C in younger and apparently healthy post-
menopausal women. Low-dose HT was associated with
better lipid profile compared with placebo, and induced
higher total and LDL-C and lower triglycerides vs con-
ventional-dose HT. Additional studies are needed to ex-
plain the mechanisms involved in the effects of low-dose
HT as well as different routes of administration on tradi-
tional and nonconventional CV risk factors.
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