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Abstract
Objective: Data on the effect of hormone replacement therapy (HRT) and tibolone on lipoprotein (a) [Lp(a)], an independent risk factor for cardiovascular disease, are heterogeneous and conflicting. Studies of the effect of HRT and tibolone on Lp(a) concentrations in post-menopausal women are reviewed in this meta-analysis.
Design and methods: MEDLINE, Scopus, EMBASE and Cochrane databases were searched (up to February 10, 2017). Two researchers identified randomized controlled studies and extracted data. Potential controversies were resolved by a third reviewer.
Results: In 24 eligible studies, HRT caused a significant reduction in Lp(a) concentrations compared with placebo or no treatment [mean relative difference: −20.35%, 95% Confidence Interval (CI): −25.33% to −15.37%, p < 0.0001], with significant heterogeneity between studies (I2 = 98.5%), but without evidence of publication bias. No significant effect was found for tibolone (n = 7) (mean relative difference: −23.84%, 95% CI: −63.43% to 15.74%, p = 0.238) (I2 = 98.7%, but without publication bias). Oral estrogen caused a greater reduction in Lp(a) concentrations than transdermal estrogen (n = 10) (mean relative difference: 37.66%, 95% CI: 16.84% to 58.48%, p < 0.0001), with significant heterogeneity between studies (I2 = 99%), but no evidence of publication bias. No difference was observed when continuous was compared with cyclical HRT, conventional with low-dose estrogen, and estrogen monotherapy with estrogen combined with progestogen. No difference was observed between HRT and tibolone regarding their effect on Lp(a).
Conclusions: HRT significantly decreases Lp(a) concentrations, with oral being more effective than transdermal estradiol. The type of HRT, dose of estrogen and addition of progestogen do not seem to modify the Lp(a)-lowering effect of HRT.
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Introduction
	Most studies during the last 40 years have shown that transition to menopause is associated with increased cardiovascular disease (CVD) risk [1,2]. Acquisition of a more atherogenic lipid profile, converging with the male pattern, constitutes a major pathogenetic mechanism. This includes an increase in total cholesterol (TC), low-density lipoprotein (LDL) cholesterol (LDL-C), triglycerides (TG) and apolipoprotein B (ΑpoB) concentrations, along with a decrease in high-density lipoprotein (HDL) cholesterol (HDL-C) (mainly HDL2-C subfraction) concentrations and a reduced cholesterol content of HDL particles [3,4]. Hormone replacement therapy (HRT) can decrease TC and LDL-C and increase HDL-C concentrations (an effect attributed to estrogen rather than progestogen) [5]. In general, oral estrogen seems to raise TG concentrations, whereas transdermal estradiol lowers them [5]. The latter effects may be modified by progestogens [5]. On the other hand, tibolone, a compound that exerts estrogenic, progestogenic and androgenic properties [6], can significantly decrease HDL-C and TG, with a minor reduction in LDL-C concentrations [5].
	Lipoprotein(a) [Lp(a)], which consists of a low-density lipoprotein (LDL)-like particle, covalently linked to apolipoprotein (a) [Apo(a)], exerts prothrombotic and atherogenic properties [7] and has long been considered as an independent CVD risk factor in the general population [8,9]. The European Atherosclerosis Society (EAS) recommends assessment of Lp(a) concentrations in patients with premature CVD, familial hypercholesterolemia (FH), family history of premature CVD and/or elevated Lp(a), recurrent CVD despite treatment with statins, and increased risk of fatal or non-fatal CVD [10]. Regarding menopause, most studies show an association with increased Lp(a) concentrations [11,12], which may contribute to the higher atherosclerotic risk in post-menopausal compared with premenopausal women.
	There are also data on an Lp(a)-lowering effect for tibolone and, potentially, HRT, although these are quite heterogeneous. Three systematic reviews on this have been published so far. The first one (published in 2001) included prospective, either randomized-controlled trials (RCTs) or non-RCTs, in post- and peri-menopausal women [5]. The second [published in 2006) presented data from RCTs only, regarding the effects of HRT on the components of the metabolic syndrome in postmenopausal women with or without diabetes mellitus (DM) [13]. Finally, the third meta-analysis investigated the effect of tibolone on Lp(a) concentrations [14]. These systematic reviews showed, in general, favorable effects of HRT and tibolone on Lp(a) concentrations. Nevertheless, some of the results were conflicting, probably due to the inclusion of both non-RCTs and RCTs. Moreover, the second meta-analysis [13] included patients with DM and did not discriminate between studies according to different forms of HRT. The third focused only on tibolone [14]. Given these limitations, the purpose of the present study was to systematically review and meta-analyze data only from RCTs on the efficacy of different types of HRT and tibolone on Lp(a) concentrations in postmenopausal women.

Subjects and methods
Trial selection
	Inclusion criteria were as follows: (i) RCTs conducted in postmenopausal women (either hysterectomized or non-hysterectomized), comparing an HRT regimen with placebo or no therapy, or tibolone or selective estrogen-receptor modulators (SERMs) or a different HRT regimen in terms of dose, route of administration or progestogen used (ii) studies of at least eight weeks of duration (iii) participants being at least three months off any hormone therapy (iv) studies providing extractable data on Lp(a) concentrations at baseline and after therapy. In cases in which absolute Lp(a) concentrations were not reported after therapy, these were calculated indirectly by the provided percentages of Lp(a) changes after therapy. In studies which reported Lp(a) concentrations at different follow-up intervals, the longest interval was chosen. In cases of multiple publications from the same group, only one study with the most complete dataset was chosen.
	Studies were excluded if (i) they were non-randomized, (ii) they were of less than eight weeks of duration, (iii) they had no control group, (iv) they involved pre- or peri-menopausal women, (v) participants were diagnosed with DM or renal failure, (vi) there was concomitant therapy with statins or other lipid-lowering agents, (vii) testosterone was added to HRT, (viii) there was no information of Lp(a) concentrations at baseline or after therapy with HRT or tibolone, (ix) they were written in a language other than English and (x) they were conducted in animals.
Search strategy
	MEDLINE, Scopus, EMBASE and Cochrane databases were searched for RCTs evaluating the effect of HRT and/or tibolone on plasma Lp(a) concentrations in postmenopausal women. The search was carried out up to February 10, 2017. A basic search strategy was developed for MEDLINE and modified accordingly for other engines. The search items were: (“hormone replacement therapy” OR “hormone therapy” OR “estrogen therapy” OR “estradiol therapy” OR “tibolone”) AND [“lipoprotein(a)” OR “Lp(a)”] AND (“postmenopausal women” OR “menopausal women” OR “menopause”). The final set of abstracts was uploaded at the web version of the EndNote software (www.myendnoteweb.com), after removing duplicates. Selection of abstracts, extraction of information from full-text articles and risk of bias evaluation with the Newcastle-Ottawa Scale (NOS) were done independently by the two researchers (PA, VC). Discrepancies were solved with discussion between groups and if needed with the help of a third author (DGG).
	Data extraction Two researchers (PA and VC) reviewed all eligible studies. The following data were extracted and recorded: (i) first author, (ii) year of publication, (iii) country in which the study was conducted, (iv) study duration, (v) for each group (intervention and comparator):number of participants, age, weight, body mass index (BMI), age at menopause, years since menopause, route, type, dose of estrogen and progestogen, tibolone dose (where applicable) and (vi) Lp(a) concentrations before and after therapy. Subgroup analysis was performed according to the route of estrogen administration (transdermal vs. oral), the regimen used (cyclical vs. continuous), the dose of estrogen (conventional vs. low dose) and the addition of progestogen or not.
Statistical analyses
	This systematic review followed the PRISMA (preferred reporting items for systematic reviews and meta-analyses) guidelines [15]. Due to the variability of the studies and the heterogeneous populations we used random effects models (Der Simonian and Laird method) for the analysis of data. Associations were reported as mean differences (MD) and their 95% confidence intervals (CI).
The outcomes were expressed either as absolute MD in Lp(a) concentrations between the two groups studied (HRT regimen and placebo or tibolone or no-treatment or different HRT regimen) or as mean relative difference between these two groups. In the latter case, this formula was used:  .
Heterogeneity was tested with the Cochrane chi-square test and the degree of heterogeneity was quantified by the I2 statistics. An I2 30–60% was considered as moderate, whereas values >60% were considered of high degree of heterogeneity. Publication bias was formally tested with Begg-Mazumdar test (presented in funnel plot diagram, with p values >0.1 indicating absence of publication bias) and the Egger’s test (p values >0.1 indicating absence of publication bias). All analyses were done with the package Comprehensive Meta Analysis V2 (trial version).

Results
	The initial search provided 1884 results, after excluding duplicates, 520 of which were reviewed by title and abstract (Fig. 1). Of those, 321 articles were excluded, due to non-randomized design, non-English language and no full-text availability. Of the final 199 full-text articles assessed for eligibility, 61 were included in the qualitative analysis. Of those, 12 were excluded for various reasons: (i) no data provided either for baseline Lp(a) concentrations or after therapy, (ii) inclusion of both post- and peri-menopausal women, (iii) no intra-group discrimination according to the type of estrogen(both oral and transdermal estrogen were used in the same group), (iv) multiple doses of estrogen used in each group, (v) the number of participants was not reported separately for the two groups. Finally, 49 studies were selected in the quantitative analysis [16-64].
	 The number of participants ranged from 12 to 182. The studies were published between 1995 and 2012. The countries in which they were conducted were: France (n = 3), the Netherlands (n = 11), China (n = 1), Ireland (n = 1), Italy (n = 4), Sweden (n = 3), Finland (n = 3), Germany (n = 2), Switzerland (n = 1), USA (n = 3), UK (n = 6), Denmark (n = 2), Turkey (n = 3), Australia (n = 1), Slovenia (n = 2), Norway (n = 1) and Japan (n = 1). One study was conducted in more than one country (Germany, Bulgaria, Poland, Hungary).
	The duration of HRT or tibolone supplementation ranged from 3 to 36 months. Conjugated equine estradiol (CEE) was administered in 14 studies (daily doses ranging from 0.3 to 0.625 mg) [19,20,23-25,28,30,32,49,53,60-62,64], oral 17β-estradiol in 24 studies (daily doses ranging from 0.5 to 2 mg) [16-18,21,22,25,26,27,29,31,33,36,38,39,44,46-48,54,59,61-64], transdermal 17β-estradiol in 13 studies (doses ranging from 25 to 100 μg, twice weekly) [20,22,24,27,33-36,45-48,51], estradiol valerate in seven studies (daily doses ranging from 1 to 2 mg) [45,50,52,55,57,58,64], intranasal estradiol in one study (175 μg/d) [63], implant estradiol (50 mg/three months) in one study [27] and tibolone in ten studies (daily doses ranging from 1.25 to 2.5 mg) [19,22,37,40-44,52,53].
Comparative studies
HRT compared with placebo or no-treatment
Twenty-four studies comparing HRT with placebo or no-treatment were included [16-39]. Thirty-four different pairs of groups were derived. The demographic characteristics of these studies are presented in Table 1. Transdermal estradiol (20–50 μg, twice weekly) was used in eight studies [20,22,24,27,33-36], whereas oral estradiol was used in 26 [16-33,36-38,39]. HRT, in general (including all types), led to a significant reduction in Lp(a) concentrations compared with placebo or no-treatment (mean absolute difference with HRT: −4.41 mg/dl, 95% CI: −6.00 to −2.82, p < 0.0001). A high degree of heterogeneity was observed between studies (X2 = 157, df = 33, I2 = 79%), but without publication bias. Mean relative difference (%) between Lp(a) reduction caused by HRT compared with placebo or no-treatment was −20.35% (95% CI: −25.33% to −15.37%, p < 0.0001) (Fig. 2). High degree of heterogeneity was observed between studies (X2 = 2245, df = 33, I2 = 98.5%), but without publication bias.
Tibolone compared with placebo or no-treatment
	With respect to tibolone, this regimen was used in seven studies [19,22,40--44] (at the daily dose of 2.5 mg) and was compared with placebo or no-treatment. The demographic characteristics of these studies are presented in Table 2. Tibolone led to a (marginally) non-significant reduction in Lp(a) concentrations compared with placebo or no-treatment (mean absolute difference with tibolone: −12.24 mg/dl, 95% CI: −25.51 to 1.03, p = 0.071). High degree of heterogeneity was observed between studies (X2 = 48, df = 6, I2 = 87.4%), but without publication bias. Mean relative difference (%) between Lp(a) reduction caused by tibolone compared with placebo or no-treatment was −23.84% (95% CI: −63.43% to 15.74%, p = 0.238). High degree of heterogeneity was observed between studies (x2 = 465, df = 6, I2 = 98.7%), but without publication bias.
Comparison between oral and transdermal estrogen
	Ten studies [20,22,24,27,33,36,45-48] were found, in which, transdermal 17β-estradiol (50 μg, twice weekly) was compared with oral estrogen. Regarding the type and dose of p.o. estrogen, estradiol valerate (2 mg/d) was used in one study [45], CEE (0.625 mg/d) in two [20,24], whereas 17β-estradiol was used in seven studies (at the dose of 2 mg/din sixand at the dose of 1 mg/din one study) [22,27,33,36,46-48]. The demographic characteristics of these studies are presented in Table 3. Oral estrogen was associated with a significantly greater reduction in Lp(a) concentrations compared with transdermal estrogen (mean absolute difference: 9.09 mg/dl, 95% CI: 2.98–15.21, p = 0.004) (Fig. 3). High degree of heterogeneity was observed between studies (X2 = 63, df = 9, I2 = 85.7%), but without publication bias. Mean relative difference (%) between Lp(a) reduction caused by transdermal compared with oral estrogen was 37.66% (95% CI: 16.84% to 58.48%, p < 0.0001). The heterogeneity was high (X2 = 889, df = 9, I2 = 99%), but without publication bias.
Comparison between continuous and cyclical HRT
	Four studies comparing continuous with cyclical (sequential) HRT were identified [23,49,50,51]. CEE was used in two studies [combined with medroxyprogesterone acetate (MPA) or medrogestone] [23,49], estradiol valerate combined with cyproterone acetate (CA) was used in one study [50] and another study used transdermal estradiol in combination with MPA [51]. No significant difference was found regarding the reduction in Lp(a) concentrations caused by continuous compared with cyclical HRT (mean absolute reduction: −1.65 mg/dl, 95% CI: −4.88 to 1.57, p = 0.315), with high degree of heterogeneity between studies (X2 = 20, df = 3, I2 = 85%), but without publication bias. Mean relative difference (%) was −0.247% [95% CI: −14.17% to 13.68%, p = 0.972).
Comparison between HRT with low and conventional estrogen dose
	Six studies compared low with conventional estrogen dose [30,39,44,52-54]. CEE was used in two of them (0.625 mg/d was compared with 0.3 mg/d) [30,54], whereas in four studies oral 17β-estradiol was used (1 mg/d was compared with 1.5 mg/d, 2 mg/d or 0.5 mg/d) [39,44,52,53]. No significant difference was found regarding the reduction in Lp(a) concentrations caused by low compared with conventional estrogen dose (mean absolute difference: −0.51 mg/dl, 95% CI: −3.62 to 2.58, p = 0.744), with high degree of heterogeneity between studies (X2 = 44, df = 5, I2 = 89%), but without publication bias. Mean relative difference (%) was −4.26% (95% CI: −20.52% to 11.99%, p = 0.607).
Comparison between estrogen monotherapy and combination therapy (estrogen plus progestogen)
	Six studies compared the effect on Lp(a) concentrations caused by estrogen monotherapy with that caused by combination therapy [23,26,30,33,36,49]. Thus, nine comparisons were recorded. CEE (0.625 mg/d) was used in three studies [23,30,49] (five comparisons with, variously, medroxyprogesterone acetate, progesterone or medrogestone as progestogen) and oral 17β-estradiol in three [26,33,36] (four comparisons with norethidrone acetate or gestodene as progestogen). No significant difference was found regarding the reduction in Lp(a) concentrations caused by estrogen monotherapy compared with combination with progestogen (mean absolute difference: +0.163 mg/dl, 95% CI: −1.77 to 2.09, p = 0.869), with high degree of heterogeneity between studies (X2 = 37, df = 8, I2 = 79%), but without publication bias. Mean relative difference (%) was +4.26% (95% CI: −1.89% to 10.41%, p = 0.175).
Comparison between HRT and tibolone
	Six studies directly compared the effect of HRT on Lp(a) concentrations with that of tibolone[19,22,37,44,52,53]. CEE (0.625 mg/d) was used in three studies [19,37,53], oral 17β-estradiol (2 mg/day) in two [22,44] and estradiol valerate (2 mg/d) in one study [52]. No significant difference was found between HRT and tibolone, with respect to their effect on Lp(a) concentrations (mean absolute difference: −1.94 mg/dl, 95% CI: −5.51–1.62, p = 0.285), with high degree of heterogeneity between studies (X2 = 29, df = 5, I2 = 83%), but without publication bias. Mean relative difference (%) was −2.05% (95% CI: −13.66%–9.52%, p = 0.727).

Discussion
	To the best of our knowledge, this systematic review and meta-analysis are the fourth published in the literature regarding the effect of HRT or tibolone on lipid profiles in postmenopausal women. Its unique characteristics are that only RCTs conducted in postmenopausal women were included Non-RCTs and studies in pre- and peri-menopausal women were excluded. Both studies using HRT and tibolone were included in the meta-analysis. Furthermore, we searched for secondary comparisons in order to clarify if and to what extent the effect of HRT is determined by the route of estrogen administration (transdermal or oral), the mode of HRT administration (continuous or cyclical), the dose of estrogen (low or conventional) or the addition of progestogen. We found that any HRT is associated with a significantly greater reduction in Lp(a) concentrations compared with placebo or no-treatment. This effect seems to be modified by the route of administration, since oral causes greater Lp(a) reduction than transdermal estrogen.
	The first systematic review (but not meta-analysis) on this concept was published in 2001 by Godsland, who investigated the effect of HRT and tibolone on serum lipids (TC, LDL-C, HDL-C and TG) including Lp(a) [5]. Both RCTs and prospective non-RCTs were included and the percent changes in Lp(a) compared with baseline concentrations were reported. This study showed that the type of estrogen (CEE, 17β-estradiol or estradiol valerate) and the route of its administration can affect the magnitude of Lp(a) reduction, which was greatest with CEE and lowest with transdermal estradiol. In particular, CEE was shown to reduce Lp(a) concentrations by 23.9% (at the dose of 0.625 mg/d) or 24.3% (at the dose of 1.25 mg/d), p.o.17β-estradiol (2 mg/d) by 12.9% and transdermal 17β-estradiol (usually 50 μg, twice weekly) by 6% [5]. No reduction in Lp(a) concentrations was observed with placebo or no-treatment. It must be emphasized that direct comparisons between different regimens, as well as, between HRT or tibolone with placebo or no-treatment, were not reported [5]. This study is in accordance with the findings of ours with respect to the greater effect of HRT over placebo or no-treatment and the effect of the route of estrogen administration (greatest with oral estrogen).
	The second systematic review and meta-analysis was published in 2006 by Salpeter et al. [13], which investigated the effect of HRT on the components of metabolic syndrome, such as abdominal fat, insulin resistance, fasting glucose, new-onset DM, LDL-C/HDL-C ratio and mean blood pressure. In general, HRT exerted a beneficial effect on these parameters. With respect to Lp(a) concentrations, HRT caused a reduction by 25% (95% CI: 17.1%to 32.9%), compared with placebo or no-treatment, which is in accordance with our findings. However, it must be emphasized that this meta-analysis included only RCTs, which compared HRT with placebo or no-therapy, excluding studies which compared one HRT regimen with another. Furthermore, studies using tibolone were not included. Of note, this meta-analysis did not show any difference between the reduction in Lp(a) concentrations caused by oral with that of transdermal estrogen [13].
	With regard to estrogen dose, no difference was observed between low and conventional dose, which is also in accordance with the meta-analysis by Salpeter et al. [13]. The other systematic review showed that the percentage reductions in Lp(a) concentrations with CEE 0.625 mg/d and 1.25 mg/d were similar [−23.9% (95% CI: −27.8% to −20%) and −24.3% (95% CI: −35% to −13.4%), respectively]. By contrast, 17β-estradiol seems to be more effective at the dose of 2 mg/d compared with 1 mg/day (-12.9% (95% CI: −17.6%to −8.2%) and −6% (95% CI: −12.1% to −0.1%), respectively) [5]. Interestingly, a recent meta-analysis of RCTs showed that low estrogen dose is more effective than placebo, but less effective than conventional dose with regard to LDL-C and TC reduction, although the effect of the latter was more detrimental on TG. However, there were no reports on Lp(a) [65].
	As far as the effect of progestogen on Lp(a) concentrations is concerned, the present study and the study by Salpeter et al. [13] did not show any difference in Lp(a) reduction according to the addition of progestogen or not. However, the previous systematic review [5] showed that progestogen enhanced Lp(a) reduction by HRT, with the greatest effect (−34.4%) shown by the combination of 17β-estradiol with norethisterone. Finally, the present study did not show any difference in the decrease in Lp(a) concentrations according to the type of HRT regimen (continuous or cyclical), which also supports the lack of effect of progestogen, taking into account the fact that continuous represents greater progestogen exposure than cyclical. This parameter was not assessed in the other two systematic reviews.
The exact pathogenetic mechanisms underlying the effect of HRT on Lp(a) are not known. An inhibitory effect on Apo(a) gene expression by estrogen is the most plausible explanation [66]. Animal studies have shown that estrogen (given as ethinyl-estradiol) reduces plasma Apo(a) concentrations by suppressing hepatic mRNA expression, whereas The present study also showed that the other ovarian sex hormone, progesterone, has no effect and also does not affect the apo(a)-lowering action of estrogen [67]. Furthermore, kinetic studies have shown that estrogen therapy causes a reduction in the rate of Apo(a) synthesis, without affecting its catabolism [68]. It must be emphasized that this reduction in Lp(a) concentrations by HRT has not yet been translated into a reduction in CVD events rates.
With respect to the effect of tibolone on Lp(a) concentrations, the systematic review by Godsland reported a mean reduction of 39.2% [5]. A more recent meta-analysis included data from 12 controlled [randomized and non-randomized] studies [14]. The authors concluded that tibolone caused a significantly greater reduction in Lp(a) concentrations in comparison with the control group (placebo or no-treatment), independently of the dose or duration of therapy (mean relative reduction: −25.28%, 95% CI: −36.5% to −14.06%). In more detail, tibolone at the usual dose of 2.5 mg/d was associated with a mean Lp(a) reduction of 29%, whereas the respective decrease with doses <2.5 mg/d was 17%, compared with the control group. As far as duration is concerned, treatment for 24 months or more led to a comparable reduction in Lp(a) concentrations with a duration of <24 months (26.8% and −23.1%, respectively) [14]. We did not include the study by Gallagher et al. [69], since no data on baseline Lp(a) levels were provided. Also we did not include the study by Anedda et al. [70], because it included both pre- and postmenopausal women.
	Although our analysis suggested little statistically significant effect of tibolone on Lp(a) concentrations, others provide some evidence for a greater reduction in Lp(a) concentrations compared with transdermal estradiol (50 μg, twice weekly) [71,72] and similar [43] or greater reductions compared with oral estrogen (0.625 mg CEE/d or 2 mg 17β-estradiol/d) [70]; [72,73]. Potential mechanisms through which tibolone might cause a decrease in Lp(a) concentrations have not been fully elucidated. It can be proposed that tibolone acts through the estrogen response element of the Apo(a) gene, reducing the hepatic production of Apo(a) [74]. A direct role through tibolone’s androgenic properties (irrespectively of its estrogenic actions) constitute another plausible explanation, since experimental studies have shown that testosterone suppresses Apo(a) gene expression [75].
Our study has certain limitations. First, the studies included in the meta-analysis were not interventional studies with the reduction in Lp(a) concentrations as their primary endpoint. Second, most studies were of relatively short duration (3–12 months) and the benefit of Lp(a) reduction on CVD risk could not be estimated, taking also into account that both HRT and tibolone may exert detrimental effects on lipid profile, such as the increase in TG by estrogen and the decrease in HDL-C concentrations by tibolone. Third, the methods of Lp(a) assessment were heterogeneous between studies. Fourth, baseline Lp(a) concentrations differed significantly between studies, thus, the clinical significance of a decrease in normal or relatively low baseline levels is unknown.

Conclusions
This systematic review and meta-analysis of RCTs in postmenopausal women shows that HRT causes a significant reduction in Lp(a) concentrations, greater that placebo or no-treatment. Τibolone tended also to lower Lp(a), but without reaching statistical significance. Oral estrogen seems to be more effective than transdermal estradiol. The Lp(a)-lowering effect of HRT does not depend on the regimen [cyclical or continuous), the dose of estrogen and the addition of progestogen does not seem to modify the Lp(a)-lowering effect of HRT.
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Table 1. Demographic characteristics of studies comparing HRT (group Α) with placebo or no treatment (group Β).

	Id
	First author / year of publication
	Dose and type of estrogen
	Group Α 
(n)
	Group B
(n)
	Group A
Lp(a) before therapy
(mg/dl)
	Group A
Lp(a) after therapy
(mg/dl)
	Group B
Lp(a) before therapy
(mg/dl)
	Group B
Lp(a) after therapy
(mg/dl)

	1.
	Conard / 1995
	1 mg 17β-Ε2 (p.o.)
	19
	19
	14.6 (1.7)
	8.4 (2.0)
	15.4 (2.0)
	13.2 (2.0)

	2.
	Conard / 1995
	1.5 mg 17β-Ε2 (p.o.)
	19
	19
	11.5 (2.5)
	8.7 (2.0)
	15.4 (2.0)
	13.2 ( 2.0)

	3.
	Tonstad / 1995
	1 mg 17β-Ε2 (p.o.)
	46
	32
	47.4 (44.9)
	40.6 (38.7)
	46.0 (58.7)
	47.7 ( 57.5)

	4.
	Haines / 1996
	2 mg 17β-Ε2 (p.o.)
	46
	45
	33.1 (30.7)
	27.6 (28.2)
	31.1 (28.1)
	31.9 (29.7)

	5.
	Milner / 1996
	0.625 mg CEE
	32
	50
	35.8 (28.1)
	30.7 ( 30.8)
	28.3  (25.1)
	42.5  (38.6)

	6.
	Perrone / 1996
	0.625 mg CEE
	14
	14
	34.6 (27.0)
	34.5 ( 23.0)
	14.4 (6.2)
	13.7 (7.0)

	7.
	Perrone / 1996
	50 μg 17β-Ε2 (transdermal)
	14
	14
	23.7 (26.0)
	21.0 ( 24.0)
	14.4 (6.2)
	13.7 (7.0)

	8.
	Conard /1997
	2 mg 17β-Ε2 (p.o.)
	20
	16
	8.2 (6.3)
	7.1 (5.9)
	6.9 (4.8)
	7.0 (6.2)

	9.
	Hanggi / 1997
	2 mg 17β-Ε2 (p.o.)
	35
	29
	33.4 (32.8)
	7.0 (6.2)
	39.7  (39.3)
	24.6 (27.2)

	10.
	Hanggi / 1997
	50 μg 17β-Ε2 (transdermal)
	35
	29
	34.4 (32.8)
	24.1 (24.4)
	39.7 (39.3)
	24.6 (27.2)

	11.
	Espeland / 1998
	0.625 mg CEE
	74
	72
	29.9 (5.2)
	23.8 (4.6)
	26.0 (5.2)
	25.5 (5.0)

	12.
	Meschia / 1998
	0.625 mg CEE
	60
	41
	19.5 (17.0)
	15.8 (13.0)
	19.0 (17.0)
	18.6 (14.0)

	13.
	Meschia / 1998
	50 μg 17β-Ε2 (transdermal)
	60
	41
	18.4 (17.0)
	16.4 (15.0)
	19.0 (17.0)
	18.6 (14.0)

	14.
	Mijatovic / 1999
	1 mg 17β-Ε2 (p.o.)
	14
	13
	28.8 (24.2)
	29.7 (26.4)
	34.5 (26.2)
	37.5 (26.4)

	15.
	Davidson / 2000
	1 mg 17β-Ε2 (p.o.)
	63
	66
	70.8 (73.5)
	64.3 (66.0)
	54.4 (52.7)
	57.1 (55.9)

	16.
	Seed / 2000
	2 mg 17β-Ε2 (p.o.)
	45
	83
	33.0 (23.7)
	6.8 (0.5)
	29.7 (27.2)
	30.6 (28.0)

	17.
	Seed / 2000
	50 μg 17β-Ε2 (transdermal)
	33
	83
	27.4 (24.4)
	26.1 (23.6)
	29.7 (27.2)
	30.6 (28.0)

	18.
	Demirol / 2001
	0.625 mg CEE
	55
	55
	36.7 (20.3)
	32.8 (17.9)
	38.3 (18.8)
	39.8 (17.1)

	19.
	Lobo / 2001
	0.625 mg CEE
	97
	94
	19.0 (8.7)
	13.4 (6.2)
	21.3 (10.1)
	20.9 (11.3)

	20.
	Lobo / 2001
	0.45 mg CEE
	95
	94
	24.0 (10.4)
	22.0 (11.5)
	21.3 (10.1)
	20.9 (11.3)

	21.
	Lobo / 2001
	0.3 mg CEE
	89
	94
	22.0 (11.0)
	20.8 (11.3)
	21.3 (10.1)
	20.9 (11.3)

	22.
	Teede / 2001
	2 mg 17β-Ε2 (p.o.)
	29
	30
	64.4 (13.4)
	50.6 (11.1)
	48.1 (11.2)
	56.3 (5.1)

	23.
	Samsioe / 2002
	1 mg 17β-Ε2 (p.o.)
	40
	40
	32.9 (5.1)
	26.4 (3.9)
	28.6 (5.0)
	29.8 (4.6)

	24.
	Smolders / 2002
	0.625 mg CEE
	24
	24
	28.7 (27.3)
	7.4 (3.2)
	41.7  (38.7)
	37.9 (34.4)

	25.
	Hemelaar / 2003
	50 μg 17β-Ε2 (transdermal)
	33
	49
	75.1 (75.4)
	76.6  (76.5)
	60.4  (62.3)
	59.5 (62.3)

	26.
	Hemelaar / 2003
	1 mg 17β-Ε2 (p.o.)
	37
	49
	77.3 (68.4
	79.1  (76.4)
	60.4  (62.3)
	59.5 (62.3)

	27.
	Stevenson / 2004
	50 μg 17β-Ε2 (transdermal)
	28
	27
	21.0 (2.8)
	20.9  (2.2)
	20.2  (1.7)
	19.6 (1.8)

	28.
	Brynhildsen / 2005
	25 μg 17β-Ε2 (transdermal)
	173
	55
	25.9 (18.2)
	27.8 (19.0)
	37.8 (25.0)
	41.6 (30.0)

	29.
	Zegura  / 2006
	2 mg 17β-Ε2 (p.o.)
	22
	34
	11.9 (8.0)
	11.6 (8.3)
	6.8 (3.6)
	8.4 (5.7)

	30.
	Zegura  / 2006
	50 μg 17β-Ε2 (transdermal)
	22
	34
	12.3 (4.2)
	12.2 (5.3)
	6.8 (3.6)
	8.4 (5.7)

	31.
	Demirol / 2007
	0.625 mg CEE
	28
	27
	36.0 (20.8)
	29.1  (17.2)
	39.8 (18.2)
	41.6 (17.0)

	32.
	Villa / 2011
	1 mg 17β-Ε2 (p.o.)
	19
	21
	12.5 ( 9.0)
	7.7 (4.2)
	13.6 (7.6)
	14.3 (7.8)

	33.
	Terauchi / 2012
	1 mg 17β-Ε2 (p.o.)
	93
	53
	17.6 (17.7)
	14.7 (14.6)
	15.8 (13.4)
	16.8 (14.0)

	34.
	Terauchi / 2012
	0.5 mg 17β-Ε2 (p.o.)
	49
	53
	19.0 (18.0)
	16.7 (17.0)
	15.8 (13.4)
	16.8 (14.0)



Abbreviations: CEE: conjugated equine estrogen, E2: estradiol; HRT: hormone replacement therapy; p.o.: per os.
Note: Values are expressed as mean (standard deviation).



Table 2. Demographic characteristics of studies comparing tibolone (2.5 mg/d) (group Α) with placebo or no treatment (group Β).

	id
	First author 
	Year of publication
	Group Α 
(n)
	Group B
(n)
	Group A
Lp(a) before therapy
(mg/dl)
	Group A
Lp(a) after therapy
(mg/dl)
	Group B
Lp(a) before therapy
(mg/dl)
	Group B
Lp(a) after therapy
(mg/dl)

	1.
	Milner
	1996
	31
	50
	50.7 (4.9)
	36.7 (28.3)
	28.3 (25.1)
	42.5 (38.6)

	2.
	Hanggi
	1997
	35
	29
	44.7 (41.3)
	6.2 (6.5)
	39.7 (39.3)
	24.6 (27.2)

	3.
	Bjarnason
	1997
	28
	14
	44.4 (15.1)
	22.5 (7.3)
	29.1 (10.0)
	26.8 (9.8)

	4.
	Lloyd
	2000
	19
	11
	12.6 (4.5)
	14.3 (7.8)
	24.8 (17.6)
	12.5 (3.4)

	5.
	Von Eckardstein
	2001
	12
	6
	80.3 (65.6)
	29.3 (12.3)
	30.3 ( (23.4)
	19.9 (17.0)

	6.
	Von Eckardstein
	2003
	34
	34
	27.0 (32.0)
	20.0 (31.0)
	27.0 (34.0)
	26.0 (31.0)

	7.
	Demirol 
	2007
	28
	27
	38.5 (17.8)
	35.0 (17.7)
	39.8 (18.2)
	41.6 (7.0)



Note: Values are expressed as mean (standard deviation).



Table 3. Studies comparing transdermal (group Α) with oral estrogen (group Β).

	Id
	First author / year of publication 
	Dose and of oral estrogen
	Progestogen 
(groups Α/ Β)
	Group Α 
(n)
	Group B
(n)
	Group A
Lp(a) before therapy
(mg/dl)
	Group A
Lp(a) after therapy
(mg/dl)
	Group B
Lp(a) before therapy
(mg/dl)
	Group B
Lp(a) after therapy
(mg/dl)

	1.
	Schram / 1995
	2 mg valerate E2
	DYD/ CA
	30
	27
	19.6 (20.2)
	21.9 (18.4)
	19.3 (23.0)
	16.1 (24.6)

	2.
	Perrone / 1996
	0.625 mg CEE
	MPA
	14
	14
	23.7 (26.0)
	21.0 (24.0)
	34.6 (27.0)
	34.5 (23.0)

	3.
	Taskinen / 1996
	2 mg 17β-E2
	MPA/ ΝΕΤΑ
	57
	55
	14.2 (4.0)
	31.8 (26.2)
	60.6 (58.9)
	28.1 (24.5)

	4.
	Hanggi / 1997
	2 mg 17β-E2
	DYD
	35
	35
	34.4 (32.8)
	24.1 (24.4)
	33.4 (32.8)
	7.0 (6.2)

	5.
	Meschia / 1998
	0.625 mg CEE
	MPA
	60
	60
	18.4 (17.0)
	16.4 (15.0)
	19.5 (17.0)
	15.8 (13.0)

	6.
	Spencer / 1999
	2 mg 17β-E2
	NETA
	23
	19
	13.1 (6.2)
	13.9 (6.9)
	9.6 (4.8)
	6.2 (3.1)

	7.
	Seed / 2000
	2 mg 17β-E2
	NETA
	33
	45
	27.4 (24.4)
	26.1 (23.6)
	33.0 (23.7)
	6.8 (0.5)

	8.
	Hemelaar / 2003
	1 mg 17β-E2
	No
	33
	37
	75.1 (75.4)
	76.6(76.5)
	77.3 (68.4)
	79.1 (76.4)

	9.
	Zegura / 2003
	2 mg 17β-E2
	No
	22
	21
	12.3(4.2)
	12.1(5.3)
	12.1 (8.0)
	11.6 (8.3)

	10.
	Zegura / 2006
	2 mg 17β-E2
	No
	22
	22
	12.3 (4.2)
	12.2 (5.3)
	11.9 (8.0)
	11.6 (8.3)



Abbreviations: CA: Cyproterone acetate; CEE: conjugated equine estrogen; DYD: dydrogesterone; E2: estradiol; MPA: medroxyprogesterone acetate; NETA: norethisterone acetate.
Note: Values are expressed as mean (standard deviation).
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Legends to Figures


Fig. 1.  Study flow diagram

Fig. 2.  Studies comparing HRT with placebo or no treatment [relative% difference in Lp(a) concentrations].

Fig. 3.  Studies comparing transdermal with oral estrogen [relative% difference in Lp(a) concentrations].
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