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Abstract

Heart failure (HF) is one of the leading causes of maternal mortality and morbidity in the United 

States. Peripartum cardiomyopathy (PPCM) constitutes up to 70% of all HF in pregnancy. Cardiac 

angiogenic imbalance caused by cleaved 16kDa prolactin has been hypothesized to contribute to 

the development of PPCM, fueling investigation of prolactin inhibitors for the management of 

PPCM. We conducted a systematic review and meta-analysis to assess the impact of prolactin 

inhibition on left ventricular (LV) function and mortality in patients with PPCM. We included 

English language articles from PubMed and EMBASE published upto March 2022. We pooled the 

mean difference (MD) for left ventricular ejection fraction (LVEF) at follow-up, odds ratio (OR) 

for LV recovery and risk ratio (RR) for all-cause mortality using random-effects meta-analysis. 

Among 548 studies screened, 10 studies (3 randomized control trials (RCTs), 2 retrospective 

and 5 prospective cohorts) were included in the systematic review. Patients in the Bromocriptine 

+ standard guideline directed medical therapy (GDMT) group had higher LVEF% (pMD 12.56 

(95% CI 5.84-19.28, I2=0%) from two cohorts and pMD 14.25 (95% CI 0.61-27.89, I2=88%) 
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from two RCTs) at follow-up compared to standard GDMT alone group. Bromocriptine group 

also had higher odds of LV recovery (pOR 3.55 (95% CI 1.39-9.1, I2=62)). We did not find any 

difference in all-cause mortality between the groups. Our analysis demonstrates that the addition 

of Bromocriptine to standard GDMT was associated with a significant improvement in LVEF% 

and greater odds of LV recovery, without significant reduction in all-cause mortality.

Introduction

Heart failure (HF) is one of the leading causes of maternal morbidity and mortality in the 

United States1. Peripartum cardiomyopathy (PPCM) accounts for nearly 70% of all HF in 

pregnant women.1,2 The European Society of Cardiology defines PPCM as an idiopathic 

cardiomyopathy that presents as HF with left ventricular (LV) systolic dysfunction in late 

pregnancy through postpartum period.3 Significant geographical and racial variations have 

been noted in the incidence of PPCM, with the lowest in Japan (1 in 20,000 live births)4 and 

the highest in Nigeria (1 in 100 live births).5 The clinical course varies from mild disease 

with spontaneous recovery to persistent myocardial dysfunction and severe HF, with death 

occurring in roughly 10% of patients.6,7

While the etiology of PPCM is not entirely understood, multiple hypotheses such as 

nutritional deficiencies, autoantibodies, genetic mutations, infectious, and vascular processes 

have been proposed.8,9 Current evidence favors a “double hit” hypothesis involving a 

vascular insult in addition to genetic predisposition.10,11 The casual role of the cleaved 

prolactin fragment in the cardiac angiogenic imbalance and development of PPCM has been 

established in various pre-clinical and clinical models of PPCM.11,12

The current management for PPCM centers around the standard guideline-directed medical 

therapy (GDMT) for HF with reduced ejection fraction.13 The discovery of prolactin as 

a potential mediator of PPCM pathophysiology has motivated interest in investigating 

prolactin inhibition as a potential targeted treatment for PPCM.14 Here, we review the role 

of prolactin inhibition in the management of PPCM. While a few studies have assessed the 

efficacy of the prolactin inhibitor, bromocriptine, on the improvement of LV function and 

mortality, the data are mixed and are limited to small underpowered studies. Moreover, the 

use of bromocriptine is restricted in the postpartum population due to the increased risk of 

thromboembolism and disruption of lactation.15,16 In this context, we executed a systematic 

review and meta-analysis to examine the impact of prolactin inhibitors on LV function and 

mortality in patients with PPCM.

Pathophysiological Mechanisms

The last decade has witnessed a significant progress in understanding the pathophysiological 

mechanisms underlying PPCM (Fig 1). Various genetic, environmental, inflammatory, and 

vascular processes in addition to the physiologic peripartum stress have been postulated in 

the development of PPCM. Next-generation DNA sequencing of 466 patients with PPCM 

showed that 10.4% express pathologic truncating mutations in TTN gene encoding titin, a 

large structural sarcomeric protein that contributes to force generation in the heart.17 The 

prevalence of these mutations in PPCM are comparable to those of dilated cardiomyopathy 
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(DCM) and roughly 20 times higher than reference population.17,18 Similarly mutations 

seen in DSP, FLCN, and BAG3 genes further support genetic predisposition in PPCM.17 

Autoantibodies to cardiac myocyte-specific proteins such as myosin and Troponin I 

have also been identified in PPCM, highlighting the involvement of autoimmune and 

inflammatory processes.19 The peripartum period is characterized by enhanced oxidative 

stress and anti-angiogenic signals such as PRL, soluble fms-like tyrosine kinase-1 (sFLT1) 

and angiotensin II.20,21 In a normal pregnancy, these anti-angiogenic signals are countered 

by pathways such as signal transducer and activator of transcription 3 (STAT3), peroxisome 

proliferator-activated receptor c coactivator 1α (PGC-1 α) and phosphoinositid-3-kinase 

(PI3) and protein kinase B (Akt) which aid in up-regulation of anti-oxidants and 

angiogenesis.22,23 In patients with pre-eclampsia and PPCM, dysregulation of protective 

STAT3, PGC-1α, and PI3/Akt pathways and abnormal elevations in anti-angiogenic signals 

(sFLT1, PRL), cause imbalance and contributes to cardiomyopathy.12,14,24

One of the key hypothesis includes a cardiac angiogenic imbalance caused by higher 

oxidative stress and anti-angiogenic signals of the postpartum period in a susceptible host 

with inadequate protective pro-angiogenic defenses.12 The causal role of 16 kilodalton 

N-terminal fragment of prolactin hormone (16kDa PRL) in the pathogenesis has been 

established in various experimental and clinical models.14,25 Through their work on STAT3 

knockout mice, Kleiner et al.14 established the role of cathepsin-D in the cleavage of 

23kDa PRL to its 16kDa fragment. Unprecedented oxidative stress provoked by many 

of the above factors triggers this cleavage. The 16kDa PRL is a potent anti-angiogenic 

and pro-apoptotic peptide initially identified by Ferrarra et al. in bovine brain endothelial 

cells.26,27 The 16kDa PRL disrupts various steps in angiogenesis including endothelial 

cell migration, growth and proliferation, cell-cell interactions, vessel remodeling, and 

maturation.28 Endothelial cell proliferation is affected through inhibition of basal fibroblast 

growth factor (b-FGF) and vascular endothelial growth factor (VEGF) mediated activation 

of the mitogen-activated protein kinases (MAPK) [Ras/Raf/MEK/MAPK signal pathway]29. 

Furthermore, 16kDa PRL induced expression of microRNA-146a has been shown to affect 

endothelial proliferation and metabolism through down-regulation of NRAS (neuroblastoma 

RAS viral oncogene homolog) and Erb-B2 receptor tyrosine kinase 4 (Erbb4).30 Lemmens 

et al. showed that inhibition of cardioprotective ErbB signaling in pregnant mice causes 

LV dysfunction and premature death.31 In a bovine aortic endothelial cell model, 16kDa 

PRL caused cell cycle arrest G0 −G1 and the G2 −M phases through its effects on 

cyclin D1, B1 and cyclin-dependent kinase inhibitors such as p21 and p27.32 Vasoinhibins 

stimulate plasminogen activator inhibitor-1 (PAI-1), an inhibitor of urokinase plasminogen 

activator (uPA) thereby affecting endothelial cell migration as well as extracellular matrix 

remodeling and degradation.33–35 16kDa PRL also inhibits endothelial cell migration via 

downregulation of the Ras-Tiam1-Rac1-Pak1 signaling pathway.36 The 16kDa prolactin 

decreases nitric oxide (NO) production by blocking both eNOS and iNOS (endothelial and 

inducible nitric oxide synthase) expression, thereby inhibiting vasodilation and vascular 

remodeling.37,38 The vasoinhibins ultimately contribute to anti-angiogenesis through 

endothelial cell apoptosis and blood vessel regression. The 16kDa prolactin activates nuclear 

factor kappa B (NFkB) which initiates both intrinsic and extrinsic apoptotic pathways via 

initiator and effector caspases 8, 9, and 3.39 In addition, anti-apoptotic Bcl-XL is converted 
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to pro-apoptotic Bcl-XS aiding in cell death.40 Hence, therapeutic interventions aimed at 

blocking the prolactin pathway will prevent 16kDa PRL generation and disease progression 

in PPCM.

Methods

Search Strategy and Study Selection

We conducted a systematic review and meta-analysis in accordance with the PRISMA 

reporting guidelines, using the Covidence platform.41 We conducted a comprehensive 

literature search in electronic databases such as PubMed and Embase from inception to 

15th March, 2022 using the search strategy presented in the supplementary document 

(Supplementary section I). In addition, we manually searched for eligible studies from 

the references of the included studies and relevant systematic and narrative reviews. Only 

articles and conference abstracts published in English language were included. We included 

clinical trials, prospective and retrospective cohorts, and case-control studies. A protocol 

was submitted to PROSPERO and registered with the number CRD42022316658.

We included studies that met all the following criteria: (1) the study included patients with 

PPCM, defined using the European Society of Cardiology’s definition,3 as the presence 

of signs and symptoms of HF with LV systolic dysfunction in the late peripartum period 

without any underlying cause; (2) the study had either of the 2 comparison groups, i) 

bromocriptine or cabergoline + standard GDMT versus standard GDMT alone ii) short-term 

versus long-term bromocriptine or cabergoline therapy; (3) the study assessed at least one 

of the outcomes of interest at follow-up; LVEF%, LV recovery, or all-cause mortality. 

LVEF% was measured by echocardiography at follow-up and LV recovery was defined as an 

LVEF>50% at 6 months follow-up.

Literature Screening and Data Extraction

All the studies were imported to the Covidence platform for screening and data extraction. 

After removing duplicates, 2 independent reviewers screened the title and abstracts, 

followed by full texts for eligibility. The abstracts and full texts of articles were screened by 

any 2 of the investigators (AK, RR, RKS, and VC), and conflicts, if any, were resolved by a 

third investigator (MM). Two reviewers independently extracted data from the studies using 

a pre-designed data extraction form in the Qualtrics platform,42 and discrepancies were 

cleared by a third reviewer. Data on study characteristics, sample size, comparison groups, 

bromocriptine dosing and frequency, and follow-up periods were collected. In addition, 

baseline patient characteristics, including demographics, medical and obstetric history, and 

LVEF% were collected. Definitions, time points, effect estimates, and sizes of the outcomes 

were noted. The Newcastle-Ottawa scale43 and the Cochrane collaboration tool44 for risk of 

bias assessment were used to assess the quality of non-randomized studies and randomized 

trials respectively

Statistical Analysis

We used random-effects meta-analysis for our outcomes of interest. We used pooled mean 

difference (pMD) to assess the difference in LVEF% between the bromocriptine and control 
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groups at the time of follow-up. We examined the association between the LV recovery and 

bromocriptine use using pooled odds ratio (pOR) with 95% CI. The association between 

the bromocriptine use and mortality were reported as pooled risk ratio (pRR). Unadjusted 

effect sizes were calculated from the summary data for the binary exposures. Pre calculated 

effect sizes were pooled when available. Pooled adjusted effect sizes were unable to be 

obtained because of the lack of consistency in the reporting of the parameters. Statistical 

heterogeneity across the studies was assessed by forest plots, I2, and Tau2 statistics. 

Meta-analyses were stratified based on the study designs. Potential publication bias was 

assessed using visual inspection of the funnel plot and statistically using Egger’s test when 

appropriate. All analyses were performed using Stata 16c (StataCorp, version 16).45

Results

Literature Search, Study Characteristics and Quality Assessment

Our search strategy revealed 548 relevant studies from 2 databases (175 from PubMED 

and 373 from Embase). After excluding 145 duplicates, we performed title and abstract 

review for 403 articles, of which 382 articles did not meet eligibility criteria and therefore 

excluded. The study selection algorithm is outlined in Figure 2. Twenty-one studies were 

selected through the title and abstract review. Among them, three were conference abstracts 

and did not have full texts. Full texts were assessed for 18 studies, of which a total 

of 10 studies satisfied the inclusion criteria (three randomized control trials,25,46,47 2 

retrospective48,49 and 5 prospective cohorts50–54). A total of 749 patients were studied 

from the articles included in our systematic review. Among the 10 studies included, 4 

studies reported data on LVEF%,25,46,48,52,54 5 studies reported LV recovery,25,50–52,54 and 

6 studies assessed mortality risks at follow-up.25,46,48,50,52,53 In addition, 1 study compared 

1 week versus 8 weeks bromocriptine therapy47 and 1 study studied cabergoline therapy.49 

The characteristics of the included studies are displayed in Table 1. The median age of 

the patients ranged between 26 and 35 years. The mean baseline LVEF ranged from 25% 

to 36% in the included studies. Quality assessment for cohort studies using the Newcastle-

Ottawa scale (maximum score of 9) revealed that 5/7 studies scored 9, one study scored 

6 and the other study score 5. With respect to the RCTs, quality assessment using the 

Cochrane Risk of bias tool, revealed that one study had low risk of bias while the other 

2 studies had intermediate risk of bias (Supplementary Table 1, Supplementary Figure 1). 

Funnel plots for the individual outcomes were performed to assess publication bias, but 

Egger’s test was not performed due to the small number (<10) of included studies.

Follow-up LVEF%

A total of 269 patients were included from the 4 studies reporting LVEF% at follow-up. The 

mean follow-up period during which LVEF% was determined in the study groups ranged 

from 6 to 12 months. The bromocriptine group had a higher LVEF% when compared to 

the control group in 2 RCTs (pMD 14.25 (95% CI 0.61-27.89, I2=88.2%)) and in 2 cohort 

studies (pMD 12.56 (95% CI 5.84-19.28, I2=0%)) (Table 2, Fig 3).
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LV Recovery

Of the 5 studies that determined LV recovery, 386 patients were included. LV recovery was 

assessed at 6 months follow-up. Compared with control, bromocriptine was associated with 

greater odds of LV recovery (pOR 3.55 (95% CI, 1.39-9.10, I2=61.7%)) (Table 2, Fig 3). 

One study of LV recovery reported a higher adjusted HR (aHR 2.26 (95% CI 1.15-5.55)) for 

the bromocriptine group.50

All-cause Mortality

Of the 6 studies that examined the association between the bromocriptine therapy and risk of 

mortality, an aggregate of 429 patients were assessed. The mean follow-up duration for the 

assessment of mortality ranged between 6 months and 5 years. Pooled RR for mortality 

was obtained from the summary data reported as categorical variables in the studies. 

Bromocriptine use was not associated with all-cause mortality in the pooled estimates of 

the two RCTs (pRR 0.53 (95% CI 0.26-1.07, I2=0%)) and the 4 cohorts (pRR 0.71, 95% 

CI 0.30-1.67, I2=0%)) (Table 2, Fig 4). Of the 8 studies, reporting mortality, none of them 

reported pre-calculated RR or hazard ratio (HR) for all-cause mortality.

Sensitivity Analysis

For the association of bromocriptine use with the LVEF% at follow-up, sensitivity analysis 

by including conference abstracts was consistent with the above analysis with a higher 

pooled mean LVEF% (pMD 8.12 (95% CI 4.14 - 12.10, I2=0%)) in the bromocriptine group. 

Sensitivity analysis by including conference abstracts did not change the association of 

bromocriptine use with mortality (pRR 0.74, (95% CI 0.34-1.63, I2=0%)) (Supplementary 

Table 2, 3 and Supplementary Figure 2).

Cabergoline

In the study by Ersboll et al.49 cabergoline + standard GDMT was compared against 

standard GDMT, the adjusted OR for recovery for the cabergoline group was 4.64 (95% CI 

1.18-18.24).

Discussion

Our systematic review and meta-analyses demonstrate that the addition of bromocriptine to 

the standard GDMT is associated with a significant improvement in LVEF% at follow-up. 

In addition, we found that the odds of LV recovery (LVEF>50% at follow-up) were higher 

in the bromocriptine group compared to the non-bromocriptine group, but there was no a 

significant reduction in all-cause mortality between the 2 groups.

The current recommendations for the management of PPCM mainly focuses on standard 

GDMT for systolic dysfunction and lack disease-specific therapies.13 Experimental models 

of PPCM have identified potential disease-specific targets including microRNA-146a, 

VEGF, TNF-α, relaxin-2, β-adrenergic receptors, and prolactin.12,14,30,55,56 A deeper 

understanding of PRL in PPCM pathophysiology has motivated interest in prolactin 

inhibitors for the management of PPCM. Sliwa et al. conducted the first randomized 

control trial that exploited the prolactin hypothesis and studied bromocriptine addition 
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to standard GDMT.25 Through its prolactin inhibitory effect, bromocriptine, blocks 

16kDa fragment generation thereby preventing myocardial damage and subsequent PPCM 

development.14 Bromocriptine has also been shown to be beneficial in PPCM through 

its immunomodulatory and cytoprotective effects.57,58 On the other hand, beyond the 

need for lactation cessation, concerns have been raised with bromocriptine treatment, 

such as increased risk of thromboembolic events and the potential need for prophylactic 

anti-coagulation.15 Despite the growing preclinical evidence regarding the critical role of 

prolactin in the development of PPCM, clinical data on bromocriptine remains scarce and 

bromocriptine is still considered an experimental therapy.13

We demonstrate a significant improvement in the LVEF at follow-up in the bromocriptine 

group compared to the non-bromocriptine group in the meta-analysis of estimates from 

2 cohort studies. These results were consistent in the meta-analysis from the randomized 

control trials. In addition, among the studies reporting data on LV recovery, we showed 

that the bromocriptine group had a significantly higher odds of recovery. In terms of 

bromocriptine dosing, there were few variations across studies ranging from 2.5 to 5 mg 

per day for 4 weeks to 2.5 twice daily for 2 weeks, followed by 2.5 mg daily for 6 weeks. 

Nevertheless, the recent trial comparing 1 week and 8 weeks bromocriptine therapy showed 

similar LV recovery rates across groups.47 Interestingly, the subgroup analysis performed 

in the above mentioned trial showed beneficial effects of prolonged treatment in patients 

with baseline LVEF less than 25%.47 In a prior systematic review, bromocriptine was shown 

to have survival benefits, but only when RCTs and cohort studies were pooled together 

in a meta-analysis which is not ideal.59 Our meta-analysis did not show any significant 

difference in all-cause mortality with the addition of bromocriptine to the standard GDMT. 

One of the possible reasons is the small sample size and short follow-up periods leading to 

low event rates in the included studies.

Regarding the efficacy of bromocriptine in prolactin inhibition, 2 studies reported data 

on serum prolactin levels at follow-up. Kurbanov et al. found a significant reduction 

in the bromocriptine group compared to the non-bromocriptine group, but Sliwa et al. 

found no difference between the groups.25,54 The non-availability of lactation data in the 

control group might confound the above results.25 When considering data on maternal 

safety, Sliwa et al. did not report any complications with respect to thromboembolic events 

attributable to bromocriptine in the follow-up period.25 However, Kleiner et al. found 3 

possible adverse events related to bromocriptine use, including 2 venous embolisms and a 

peripheral arterial occlusion.52 Most studies recommended for prophylactic anticoagulation 

in patients with LVEF less than 25%, while some prophylactically anticoagulated all patients 

in the bromocriptine group. Only 1 study examined the effect of bromocriptine-mediated 

lactation cessation on infant growth and mortality and found no differences between the 

bromocriptine and control lactating group.25

Our systematic review summarizes the current available evidence on the effect of 

prolactin inhibition in PPCM outcomes and highlights the gaps in clinically relevant 

data. However, we acknowledge several limitations. Firstly, our meta-analysis is limited 

by the relatively small number of eligible studies and heterogeneity of study types with 

only 4 randomized controlled trials. These non-randomized study designs are inherently 
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affected by indication and selection biases. The REBIRTH (Randomized Evaluation of 

Bromocriptine in Myocardial Recovery Therapy for Peripartum Cardiomyopathy) trail will 

provide additional information on the use of bromocriptine in this population with an 

expected completion by the year 2027.60 Secondly, data on key prognostic variables such 

as ethnicity, time to diagnosis, time to treatment initiation, efficacy, and maternal and fetal 

safety of bromocriptine were not available in all studies. Many studies solely included 

women in the postpartum period, skipping a meaningful proportion of PPCM patients in 

late pregnancy. Thirdly, the duration of follow-up was less than 6 months in most studies, 

restricting data on long-term prognosis. Finally, our analyses included aggregated study-

level data instead of raw patient-level data, constraining our ability to adjust for individual 

patient characteristics. PPCM being a heterogenous disease, can have significant difference 

in disease characteristics across studies from difference regions involving various racial and 

ethnic groups. Hence, clinical data registries with region specific data will aid in better 

understanding of these differences.

Conclusion

To conclude, we show that the addition of prolactin inhibitors to standard GDMT in patients 

with PPCM is associated with improvement in LV function. We did not find a significant 

mortality benefit with prolactin inhibitors, which may be related to the short follow-up 

and low event rates. Carefully planned multi-center, multinational randomized control trials 

and data registries with longer follow-up periods will be essential to obtain valid and 

generalizable data.
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FIG 1. Pathophysiologic mechanisms of peripartum cardiomyopathy.
Top left panel – Bromocriptine acts on the G-protein coupled dopamine D2 receptor which 

in turn suppresses prolactin (PRL) gene expression, inhibits lactotroph proliferation61 and 

decreases PRL release from secretory granules. Inhibiting PRL release further inhibits 

16kDa fragment generation by proteolytic enzymes. Top right panel — Cardiac angiogenic 

imbalance is caused by the oxidative stress and anti-angiogenic signals associated with the 

peripartum period [PRL, soluble FLT1 and angiotensin II] and protective antioxidant and 

angiogenic pathways [signal transducer and activator of transcription 3 (STAT3), peroxisome 

proliferator-activated receptor c coactivator 1α (PGC-1α) and phosphoinositid-3-kinase 
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(PI3) and protein kinase B (Akt)]. Bottom right panel – Other genetic, inflammatory, 

autoimmune, infectious, and environmental have been implicated in the development of 

PPCM. Bottom left circular panel – Demonstrates the anti-angiogenic mechanisms of 

16kDa PRL fragment. i) Apoptosis and vessel regression: 16kDa PRL activates nuclear 

factor kappa B (NFkB) and Bcl-XS which initiates apoptotic pathways causing cell death. 

Cell cycle arrest is mediated through effect on cyclin D1, B1 and cyclin-dependent 

kinase inhibitors. Induction of microRNA-146a expression which affects endothelial 

cell proliferation through downregulation of NRAS (neuroblastoma RAS viral oncogene 

homolog) and Erb-B2 receptor tyrosine kinase 4 (Erbb4). ii) Inhibition of vasodilation: 

16kDa PRL decreases NO (nitric oxide)-mediated vasodilation by blocking both eNOS 

(endothelial nitric oxide synthase) and iNOS (inducible nitric oxide synthase) expression. 

iii) Inhibition of endothelial cell (EC) growth and proliferation: 16kDa PRL prevents 

EC proliferation via inhibition of fibroblast growth factor (FGF)-and vascular endothelial 

growth factor (VEGF)-mediated activation of the mitogen-activated protein kinases (MAPK) 

[Ras/Raf/MEK/MAPK signal pathway]. iv) Inhibition of EC migration and vascular 
remodeling: 16kDa PRL decreases EC migration via downregulation of the Ras-Tiam1-

Rac1-Pak1 signaling pathway and plasminogen activator inhibitor-1 (PAI-1)-mediated 

inhibition of urokinase plasminogen activator (uPA).
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FIG 2. 
Study selection algorithm.
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FIG 3. 
Forest plots showing LVEF% and LV recovery at follow-up.
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FIG 4. 
Forest plots showing all-cause mortality at follow-up.
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TABLE 2.

Association of bromocriptine use with follow-up LVEF%, LV recovery and all-cause mortality in patients with 

PPCM using random effects meta-analysis

Outcome Number of studies Effect estimate Effect size P-value I2 statistics

LVEF% at follow-up (cohorts) 2 Mean difference 12.56 (5.84 to 19.28) <0.001 0%

LVEF% at follow-up (RCTs) 2 Mean difference 14.25 (0.61 to 27.89) 0.04 88.2%

LVEF recovery (cohorts) 5 Odds ratio 3.55 (1.39 to 9.10) 0.01 62%

All-cause mortality (cohorts) 4 Relative risk 0.71 (0.30 to 1.67) 0.43 0%

All-cause mortality (RCTs) 2 Relative risk 0.53 (0.26 to 1.07) 0.08 0%
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