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Abstract 

Background  Platelet-rich plasma (PRP) is an autologous platelet concentration recently used in the reproductive 
field. Studies had conflicting results regarding its effect on pregnancy outcomes. We aimed to solve the debate 
on the safety and efficacy of PRP in women undergoing assisted reproduction and assess the influence of covariates 
on the outcomes of PRP infusion.

Methods  We searched PubMed, Scopus, Cochrane, and Web of Science in May 2023. We included randomized 
and non-randomized clinical trials as well as cohort studies assessing intrauterine PRP in sub fertile women undergo‑
ing assisted reproduction (IVF/ICSI). For the quality assessment, We used the Cochrane Risk of Bias Tool 1, the ROBINS-I 
tool, and the Newcastle–Ottawa Scale. We pooled the data using RevMan version 5.4.

Results  The data from 23 studies were pooled. PRP had favorable outcomes compared with the control group 
on clinical pregnancy rate (RR: 1.84, 95% CI 1.62 to 2.09; P < 0.00001), live birth rate (RR: 1.75, 95% CI: 1.24 to 2.47; 
P = 0.001), and miscarriages (RR: 0.51, 95% CI: 0.36 to 0.72; P = 0.0002). Women with repeated implantation failure had 
a significantly improved clinical pregnancy rate (RR: 1.83, 95% CI: 1.49 to 2.24; P < 0.00001), live birth rate (RR:1.83, 95% 
CI: 1.33 to 2.51; P = 0.002), and miscarriage rate (RR: 0.46, 95% CI: 0.31 to 068; P = 0.0001).

Conclusion  PRP showed promising results in assisted reproductive techniques. Further large and multicenter RCTs 
are required to compare the doses of PRP while identifying the specific population with the most benefits from PRP.
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Background
Although assisted reproduction techniques significantly 
improved conception rates, the issue of implantation fail-
ures remains unsolved. This can be attributed mostly to 
poor endometrial receptivity and embryo endometrial 
communication where achieving an implantation neces-
sitates a receptive endometrium, a functional embryo, 
and a coordinated communication between them [1]. 
This happens naturally five to seven days after ovulation. 
The endometrial receptivity then is optimum for embryo 
implantation [2]. Endometrial receptivity can be affected 
by many factors including anatomical uterine abnormali-
ties and endometrial thickness among others [3]. Thin 
endometrium of less than 7  mm is frequently linked to 
poor conception outcomes such as recurrent implanta-
tion failure (RIF) [4]. RIF is defined as the implantation 
failure of at least three successive in  vitro fertilization 
(IVF) treatments with good quality embryos [5]. It con-
stitutes a major economic and psychologic problem [6]. 
Thus, it is essential to find an effective treatment that can 
improve pregnancy outcomes.

Currently, there is no consensus on the optimal 
approach. In some women, the hormonal therapy might 
be unsuccessful in increasing the thickness of the endo-
metrium [7]. Moreover, irrespective of endometrial 
morphometry, the endometrial blood flow was impaired 
during follicular phase in patients with unexplained 
implantation failures [8]. New therapeutic options have 
been suggested to enhance pregnancy rates for women 
with implantation failures. These interventions include 
intra-uterine granulocyte colony stimulating factor 
(G-CSF), intra-uterine human chorionic gonadotropins, 
and intra-uterine platelet rich plasma (PRP). The network 
meta-analysis by Jin et  al. revealed that among these 
interventions, PRP was the most effective among women 
with 2 or more implantation failures [6].

Platelets are small non-nucleated cellular fragments 
involved in homeostasis derived from megakaryocytes 
with a short life span [9].They have granules that store 
various cytokines, and growth factors. At the site of 
inflammation or injury, platelets are activated and several 
factors are released including fibroblast growth factor, 
platelet-derived growth factor, tumor growth factor-β, 
and vascular endothelial growth factor. [10]. Therefore, 
administering a platelet concentrate involves infus-
ing a huge quantity of cytokines and chemokines that 
enhance immunity, healing, and regeneration. [10]. PRP 
is an autologous platelet concentration in plasma. For 
the preparation of PRP, blood is drawn from a peripheral 
vein, kept in the anticoagulant citrate dextrose solution 
then processed to enhance platelets by separating distinct 
components of blood [11]. It has recently been identified 
as an effective therapy in many fields.

The role of PRP in sub fertile women was first investi-
gated by Chang et al. [12]. They found that PRP improved 
endometrial thickness and pregnancy outcomes. There-
fore, several studies investigated the efficacy of PRP. 
However, they came with conflicting results. Some stud-
ies [13, 14] found no difference in the risk of miscarriages 
while Nazari et al. [15] showed that PRP had significantly 
reduced miscarriages. Some studies [16–18] demon-
strated that PRP infusion had insignificant effect on 
clinical pregnancy rate while others [15, 19, 20] showed 
that PRP improved it significantly. Since the studies had 
inconsistent results, we conducted our systematic review 
and meta-analysis to investigate the role of intrauterine 
infusion of PRP on conception outcomes, and solve the 
ongoing debate. We also aimed to assess the effect of 
covariates on the outcomes of PRP infusion.

Methods
We conducted our systematic review and meta-analysis 
following the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) statement. [21]. 
We followed the Cochrane handbook guidelines in doing 
all the steps [22].

Search strategy
We searched Cochrane, PubMed, Web of Science, and 
Scopus in June 2022 then updated it in May 2023. We 
used the following keywords in our search strategy 
(“platelet rich plasma” OR “platelet gel” OR PRP) AND 
(“in vitro fertilization” OR “embryo transfer” OR RIF OR 
“embryo implantation”). The supplementary file contains 
the search strategy. We searched clinicalTrials.gov man-
ually, and protocols without published results in a peer 
reviewed journal were excluded.

Study selection
Two authors in two steps manually screened the retrieved 
studies. At first we screened the studies according to their 
title and abstract then we screened the full-text of eligible 
studies. For any discrepancies, a third author was con-
sulted. We included randomized clinical trials (RCTs), 
cohort studies, and non-randomized controlled trials 
comparing intrauterine infusion of platelet-rich plasma 
with no PRP or placebo in sub fertile women undergoing 
assisted reproduction (IVF/ICSI).

Abstracts, reviews, editorials, single arm trials, case 
series, and non-English studies were excluded.

Quality assessment
For assessment of the included studies, two authors 
independently evaluated them. For RCTs, we used the 
Cochrane risk of bias tool 1 (ROB1) [23]. The judge-
ment of the authors is classified as low risk, unclear 
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risk, or high risk of bias. If there was a disagreement, 
a third author was consulted. We used the ROBINS-I 
tool [24] for evaluating the quality of non-randomized 
studies. We used the Newcastle–Ottawa Scale (NOS) 
[25] for cohort studies.

Data extraction and study outcomes
The authors performed the data extraction in prepared 
formatted excel sheets. The characteristics of the stud-
ies included: inclusion and exclusion criteria, study ID, 
center (country), intervention and control arms, study 
design, and reported outcomes.

The baseline data included the age, etiology and dura-
tion of infertility, body mass index, type of infertility, 
number of embryos transferred, previous implantation 
failure, and endometrial thickness.

The primary outcomes were clinical pregnancy, live 
birth, and miscarriages.

The secondary outcomes were implantation rate, 
chemical pregnancy, endometrial thickness, ectopic 
pregnancies, multiple pregnancies, and ongoing preg-
nancies. Methods indicated in the Cochrane manual 
were used to deal with any incomplete or incompatible 
data. [22].

Statistical analysis
For endometrial thickness, mean difference (MD) and its 
95% confidence interval (CI) were calculated, while the 
risk ratios (RR) with 95% CI were calculated for dichoto-
mous variables. We used a fixed-effect model if there is 
no heterogeneity (P > 0.05); otherwise, a random-effect 
model was used. We assessed the statistical heterogene-
ity using the I2 statistic where p- value of less than 0.05, 
I2 more than 60% indicated heterogeneity. We conducted 
sensitivity analysis through exclusion of the study with 
the highest heterogeneity. We calculated miscarriages, 
multiple pregnancy, and ectopic pregnancies per the 
number of clinical pregnancies. Implantation rate was 
determined as the number of gestational sacs per the 
overall number of transferred embryos.

We performed the meta-analysis using Revman soft-
ware 5.4. For the assessment of publication bias, we 
visually inspected the symmetry of funnel plot. We per-
formed subgroup analysis for women with thin endo-
metrium less than (7  mm), and RIF with 3 or more 
implantation failures. We performed a meta-regression 
using open meta-analyst to investigate the influence of 
age, BMI, duration of infertility, endometrial thickness, 
number of previous cycles, and number of embryos 
transferred on clinical pregnancy, chemical pregnancy, 
and miscarriages.

Results
Summary of literature search
Our literature search strategy retrieved 1227 publica-
tions; of which 318 were duplicated and removed. Fol-
lowing title and abstract screening, We screened the 
full text of 137 studies. Of which, 23 were included 
[13–20, 26–40]. The flowchart demonstrating the stud-
ies selection process is presented in Fig. 1.

Study characteristics
Table  1 demonstrates a summary of the characteris-
tics of the included studies. Studies were carried out 
between 2014 and 2021, of which 13 studies took place 
in Iran, four studies in China and a single study from 
every country of these (Bahrain, Egypt, India, Russia, 
Turkey, Saudi Arabia, and USA). We have included 14 
RCTs [15–17, 20, 29–38], three non-RCTs [18, 26, 28] 
and six cohort studies [13, 14, 19, 27, 37, 40].

All trials compared PRP versus placebo or no PRP. 
The sample size varied from 20 to 438 women. The 
mean age of the participants was between 29–37. The 
infusion of PRP that was administered varied by dose 
and time, 11 studies [15–17, 20, 26, 30–32, 34, 36, 39] 
administered the PRP with dose = 0.5 mL, four studies 
[27, 29, 33, 38] with dose 0.5 to 1.0 mL, five studies [13, 
14, 18, 19, 37] with dose = 1.0 mL and three studies [28, 
35, 40] with dose ≥ 1.5 mL.

Regarding time, most studies administered the PRP 
48  h before embryo transfer (15 studies) [14–20, 26, 
31–35, 37–39], while three studies [28–30] gave the 
PRP between 8 to 13 day of menstrual cycle and a single 
study infused the PRP three days before embryo trans-
fer [13]. A study gave it after oocyte pick up [36], and 
a study didn’t provide information [40]. The baseline 
characteristics are in Table 2.

Quality assessment
The included RCTs were appraised using the Cochrane 
ROB 1. As for the random sequence generation domain, 
all the studies were considered low risk except for one 
study [17] that was at high risk and two studies [33, 39] 
whose risk was unclear. Regarding the allocation con-
cealment domain, there was inadequate information in 
most of the studies to permit judgment of low or high 
risk. However, three studies [20, 35, 38] were consid-
ered to be of low risk, and one [17] was judged as high 
risk.

All studies were at low risk for performance and 
detection biases.

Regarding missing data, four trials were a source of 
a high risk of attrition bias, two of them [15, 32] had a 
significant percentage of loss to follow-up and the other 
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two [20, 39] had unequal distribution to the loss of fol-
low up, the remaining trials had a low risk of attrition 
bias.

Regarding reporting bias, all studies had low risk except 
for three trials [17, 31, 32] that did not report one of the 
primary outcomes and one study that did not provide 
sufficient information to judge [39].

Most studies were free from any other source of bias, 
except for five studies, which carried a high risk of bias. 
Pourkaveh et al. [39] had small study size. Allahveisi et al. 
[17], had small study size and vagueness regarding the 
causes of RIF. In Rageh et al. [33], the provided NCT was 
not found. Safdarian et al. [34] reported that the live birth 
rate was more than clinical pregnancy rate while Zargar 
et al. [35] had a wide range of age in its participants.

The summary of the quality assessment for the included 
14 RCTs is shown in Figs. 2 and  3.

Regarding the assessment of the three included non-
randomized trials, and depending on the three domains 
of ROBINS-I, Abou-El-Naga et  al. [26] were judged to 
have low risk, but both Dzhincharadze et  al. [28] and 
Tehraninejad et al. [18] were judged to carry moderate to 
high risk of bias. See the Supplementary Table 1 for the 
details regarding the scoring of the non-RCTs.

Regarding the three domains of NOS (Selection, Com-
parability and Outcome), all included studies had good 
quality except for two studies had fair quality [38, 39]. See 
Supplementary Table 2 for the details regarding the scor-
ing of the cohort studies according to NOS.

To investigate publication bias, we conducted funnel 
plots. Supplementary Figures 1 and 2 display the funnel 
plots for the clinical pregnancy rate and the chemical 
pregnancy rate in the entire population, respectively, the 
funnel plot exhibits asymmetry at the bottom, suggesting 
that studies with unfavorable results and smaller sample 
sizes were underrepresented, potentially indicating pub-
lication bias. For the miscarriage rate, in Supplementary 
Fig.  3, the funnel plot displays an asymmetrical appear-
ance, indicating the possibility of publication bias.

Outcomes
All population

Clinical pregnancy  Pooling results from 20 studies, 
[13–20, 26–32, 34, 37–40], including 2166 participants 
(1086 cases and 1080 controls), showed that clinical preg-
nancy was significantly higher in the PRP group (RR: 
1.84, 95% CI 1.62 to 2.09; P < 0.00001, Fig. 4). There was 
low heterogeneity between studies (P = 0.11; I2 = 29%).

Live birth  A total of ten studies [13, 14, 17, 19, 26, 28, 
32, 35, 37, 38] (617 cases and 592 controls) were ana-
lyzed. PRP significantly improved live birth (RR: 2.31, 

Fig. 1  Shows the PRISMA flow chart, which summarizes the literature 
search, screening, and the number of included studies
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 p
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‑
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Table 2  baseline characteristics of the included studies

Study ID study 
groups

age (years) 
mean(SD)

BMI Mean 
( SD)

Basal AMH 
(ng/ml) 
Mean
( SD)

Basal LH 
(IU/l) Mean 
( SD)

Basal FSH 
(IU/ml) 
Mean ( SD)

Duration of 
infertility in 
years Mean
( SD)

Primary 
infertility 
Number, 
percentage

Secondary 
infertility 
Number, 
percentage

Eftekhar et al. 
2018 [29]

PRP 31.98 (2.26) NR NR NR NR NR 29, 72.5% 11, 27.5%

control 32.4 (2.63) NR NR NR NR NR 31, 72.1% 12, 27.9%

Nazari et al. 
2019 [30]

PRP 33.95 (2.76) 24.3 (2.24) NR NR NR NR NR NR

control 32.33 (4.79) 25.46 (2.68) NR NR NR NR NR NR

Nazari et al. 
2020 [31]

PRP 35.37 (3.49) 25.61 (3.13) NR NR NR NR NR NR

control 34.95 (4.23) 25.46 (2.68) NR NR NR NR NR NR

Allahveisi 
et al. 2020 
[17]

PRP 33 (0.9) 25.96 (0.54) 3.91 (0.7) 4.78 (0.43) 6.42 (0.49) 2.68 (0.12) 19,76% 6, 25%

control 33.8 (0.54) 25.76 (0.47) 6.87 (1.4) 6.01 (1.1) 6.16 (0.6) 2.9 (0.14) 19, 76% 6, 25%

Rageh et al. 
2020 [33]

PRP 29.3(3.5) 26.7 (1.1) 1.81 (0.96) NR NR 6.6 (3.7) NR NR

control 29.9 (3.9) 26.6 (1.08) 1.577 (0.84) NR NR 6.2 (4.4) NR NR

Zamaniyan 
et al. 2021 
[20]

PRP 33.88 (6.32) 26.49 (4.53) NR NR NR 6.12 (4.51) 34, 61.8% 18,32.7%

control 33.13 (5) 25.03 (3.66) NR NR NR 6.17 (3.5) 36, 83.7% 11.60%

Zargar et al. 
2021 [35]

PRP 34.15 (5.14) NR NR NR NR 7.5 (4.73) 34,85% 6,15%

control 32.82 (5.18) NR NR NR NR 6.95 (3.04) 32, 80% 8, 20%

Ershadi et al. 
2022 [16]

PRP 31.3 (4.3) 26.5 (3.2) NR NR NR NR NR NR

control 31.2 (4.8) 27.7 (3) NR NR NR NR NR NR

Safdarian 
et al. 2022 
[34]

PRP 33.4 (4.9) 24.85 (2.84) 2.51 (1.22) NR NR NR NR NR

control 34 (3.73) 25.24 (2.71) 2.64 (2.99) NR NR NR NR NR

Nazari et al. 
2022 a [15]

PRP 34.11 (3.75) 24.73 (3.53) 4.15 (2.23) 4.14 (0.3) 0.0064 
(0.0032)

4.3 (2.3) 155,79.1% 41, 20.9%

control 33.61 (4.06) 25.19 (3.01) 3.94 (2.75) 3.87 (0.8) 0.0067 
(0.0012)

4.6 (1.4) 160, 81.2% 37, 18.8%

Nazari et al. 
2022 b [32]

PRP 35.7 (5.1) 26.4 (3.43) 2.93 (1.91) NR 5.11 (2.68) 5.2 (3.6) 10, 50% 10, 50%

control 34.75 (4.57) 26.6 (4.23) 2.1 (1.67) NR 4.28 (2.92) 3.65 (2.15) 5,25% 15, 75%

Dzhin‑
charadze 
et al. 2021 
[28]

PRP 36 (6) 23.13 (3.35) NR 5.1 (3.5) 0.0079 
(0.0063)

5.22 (3.8) NR NR

control 36.8 (6.8) 23.66 (3.5) NR 4.53 (2.95) 0.00842 
(0.00799)

6.74 (5.65) NR NR

Tehraninejad 
et al. 2021 
[18]

PRP 32.9 (3) 26.2 (2.8) 2.4 (3.7) NR 0.0064 
(0.0022)

8.9 (6.2) NR NR

control 33.5 (2.5) 26.3 (3.3) 2 (2.7) NR 0.0063 
(0.0024)

11 (7) NR NR

Abou-El-
Naga et al. 
2022 [26]

PRP 31.9(2.5) 27.2 (1.9) NR NR NR 4.6 (1.7) 7,35% 13,65%

control 26.4 (3.8) 27.6 (2) NR NR NR 5.1 (1.3) 7,35% 13, 65%

chang et al. 
2019 [27]

PRP 34.77 (0.75) 22.42 (0.42) NR 4.8 (1.19) 0.00591 
(0.00177)

3.57 (1.82) NR NR

control 32.64 (1.7) 22.39 (0.8) NR 4.31 (1.32) 0.00636 
(0.00184)

3.71 (1.66) NR NR

Coksuer et al. 
2019 [19]

PRP 29.41 (4.54) 26.35 (4.41) NR 7.2 (0.93) 0.0073 
(0.001225)

7 (3) NR NR

control 28.89 (3.91) 26.78 (3.79) NR 6.5 (0.38) 0.0069 
(0.00155)

8 (2.75) NR NR

Noushin et al. 
2021 [13]

PRP 32.28 (4.84) 26.28 (0.89) 3.87 (3.03) NR NR 5.99 (1.78) NR NR

control 33.01 (4.27) 26.32 (0.93) 4.14 (2.62) NR NR 5.33 (1.77) NR NR

Xu et al. 2022 
[14]

PRP 34.92 (4.8) 24.08 (3.65) 3.38 (2.45) NR 6.69 (1.5) 4.35 (3.29) 75, 54% 63, 46%

control 34.93 (4.87) 24.81 (3.9) 2.4 (3.03) NR 6.45 (1.47) 4.28 (3.74) 78, 52% 72, 48%
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95% CI: 1.33 to 4.02; P = 0.003, Supplementary Fig.  4). 
There was heterogeneity (P= 0.0009, I2= 68%) between 
studies. However, after leaving Nazari et  al 2022 a [15], 
nine studies [14, 17, 19, 26, 28, 32, 35, 37, 38] (421 cases 
and 395 controls), live birth was significantly higher in 
women who received PRP (RR: 1.75, 95% CI: 1.24 to 2.47; 
P = 0.001, Fig 5). There was no heterogeneity (P= 0.30, 
I2= 15%) between studies.

Miscarriages  We retrieved 13 studies [13–16, 19, 20, 
27–29, 32, 34, 37, 38] with 607 subjects (390 cases and 
217 controls). PRP significantly decreased miscarriages 
compared to the controls (RR: 0.51, 95% CI: 0.36 to 0.72; 
P = 0.0002, Fig.  6). There was homogeneity (P = 0.05, 
I2 = 43%) between studies.

Endometrial thickness  Changes in endometrial thick-
ness were investigated in six studies [15, 27, 29, 30, 36, 
37] (392 cases and 379). A significant difference was 
observed (MD: 0.82, 95% CI: 0.35 to 1.29; P = 0.0007, 
Fig.  6). There was high heterogeneity (P= 0.0001, I2= 
80%) between studies.

Implantation rate  There were seven studies [14, 16, 
17, 27, 29, 34, 40]1373 subjects (673 cases and 700 con-
trols). The implantation rate was significantly increased 
in the PRP arm (RR: 1.63, 95% CI: 1.17 to 2.26; P= 0.003, 
Supplementary Fig.  6). heterogeneities were noticed 
between studies (P= 0.03, I2= 57%). After leaving Ershadi 

et  al 2022 [16] six studies, including 1159 subjects (573 
cases and 586 controls). PRP significantly increased the 
implantation rate (RR: 1.81, 95% CI: 1.43 to 2.29; P< 
0.00001, Supplementary Fig. 7). The studies were homo-
geneous (P= 0.43, I2= 0%).

Chemical pregnancy  There were 17 studies [13–16, 
18–20, 26, 28–31, 33, 34, 36–38] with 2148 participants 
(1072 cases and 1076 controls). In comparison with the 
control group, PRP significantly increased chemical preg-
nancy rate (RR: 1.73, 95% CI: 1.54 to 1.93; P< 0.00001, 
Supplementary Fig.  8). The studies were homogeneous 
(P= 0.45, I2= 0%).

Ongoing pregnancy  Five studies [18, 20, 29, 34, 38] that 
included 485 participants (243 cases and 242 controls) 
were included. PRP significantly increased the ongo-
ing pregnancy rate (RR: 2.13, 95% CI: 1.54 to 2.94; P< 
0.00001, Supplementary Fig. 9). There was homogeneity 
(P= 0.11, I2= 47%) between studies.

Ectopic pregnancy  Pooling results from six studies [15, 
19, 27, 31, 32, 38], including 256 participants (176 cases 
and 80 controls), After comparing both groups, we found 
no major difference in ectopic pregnancy between them. 
(RR: 0.82, 95% CI 0.27 to 2.45; P= 0.72, Supplementary 
Fig.10). The studies were homogenous (P= 0.94, I2= 0%).

Table 2  (continued)

Study ID study 
groups

age (years) 
mean(SD)

BMI Mean 
( SD)

Basal AMH 
(ng/ml) 
Mean
( SD)

Basal LH 
(IU/l) Mean 
( SD)

Basal FSH 
(IU/ml) 
Mean ( SD)

Duration of 
infertility in 
years Mean
( SD)

Primary 
infertility 
Number, 
percentage

Secondary 
infertility 
Number, 
percentage

Abduljabbar 
et al. 2022 
[36]

PRP 35.91 (4.49) NR NR NR NR NR 16, 45.7% 19, 54%

control 34.63 (4.26) NR NR NR NR NR 14, 40% 21, 60%

Baybordi 
et al. 2022 
[38]

PRP 37.33 (6.439) 26.64 (3.302) NR NR NR 12 (6.16) 36, 75% 12, 25%

control 32.41 (5.651) 26.86 (3.63) NR NR NR 7 (4.71) 39, 85% 7, 15%

Yuan et al. 
2022 [40]

PRP  ≥ 35 year 19
 < 35 year 11

NR NR 5.78 (2.49) 0.00845 
(0.00204)

 ≥ 4 year
17
 < 4 year
13

NR NR

control  ≥ 35 year 26
 < 35 year 8

NR NR 5.68 (2.01) 0.00851 
(0.00218)

 ≥ 4 year 19
 < 4 year 15

NR NR

Ban et al. 
2023 [37]

PRP 32.04 (4.36) 20.69 (4.36) 4.72 (3.84) 6.32 (5.38) 0.00664 
(0.00321)

3 (1.52) NR NR

control 32.22 (4.31) 22.52 (2.99) 4.82 (3.56) 5.15 (2.7) 0.00578 
(0.00227)

3.5 (2.28) NR NR

Pourkaveh 
et al. 2022 
[39]

PRP 35.18 (2.09) 23.09 (1.3) NR NR NR 5.91 (0.94) NR NR

control 34.67 (2) 23.11 (2.09) NR NR NR 6.11 (1.05) NR NR

BMI Body mass index, FSH Follicular stimulating hormone, LH Luteinizing hormone, AMH Anti-mullerian hormone, PRP Platelet-rich plasma, NR Not reported



Page 16 of 23Shalma et al. BMC Pregnancy and Childbirth          (2023) 23:843 

Fig. 2  Risk of bias summary. It shows a summary of the risk of bias for each included study
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Multiple pregnancy  Four trials [15, 20, 27, 34]were 
analyzed; they had 241 participants (171 cases and 70 
controls). There was insignificant difference in the rate 
of multiple pregnancy (RR: 1.25, 95% CI 0.57 to 2.76; 
P = 0.58, Supplementary Fig. 11). There was homogeneity 
between the studies (P = 0.95, I2 = 0%).

Subgroup based on study design (RCT only)

Clinical pregnancy  We pooled the results from 11 
RCTs [15–17, 20, 29–32, 34, 38, 39], including 1138 par-
ticipants (579 cases and 559 controls). PRP significantly 
improved clinical pregnancy rate (RR: 2.12, 95% CI 1.76 

Fig. 3  Risk of bias graph for included studies

Fig. 4  Forrest plot for the effect of PRP-therapy on clinical pregnancy rate. (CI: Confidence Interval, PRP: Platelet Rich Plasma)
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to 2.56; P < 0.00001, Supplementary Fig.  12). There was 
homogeneity between studies (P = 0.26; I2 = 24%).

Live birth  Five RCTs [15, 17, 32, 35, 38] (329 cases and 
328 controls) were analyzed. No significant difference 
was found in the live birth rate (RR: 2.72, 95% CI: 0.79 
to 9.31; P = 0.11, Supplementary Fig. 13). There was het-
erogeneity (P = 0.0002, I2 = 82%) between studies. After 
leaving Nazari et al. 2022 a [15], four RCTs were included 
[17, 32, 35, 38] (133 cases and 131 controls), there was no 
significant difference in live birth rate (RR: 1.41, 95% CI: 
0.57 to 3,46; P = 0.46, Supplementary Fig. 14). The studies 
were homogeneous (P = 0.19, I2 = 37%).

Miscarriages  We retrieved seven RCTs [15, 16, 20, 29, 
32, 34, 38] with 305 subjects (208 cases and 97 controls). 
No major difference was found in the rate of miscarriage 

(RR: 0.56, 95% CI: 0.28 to 1.12; P = 0.10, Supplementary 
Fig.  15). There was heterogeneity (P = 0.03, I2 = 56%) 
between studies. After leaving one out [15], we included 
six RCTs [16, 20, 29, 32, 34, 38] with 171 participants 
(112 cases and 59 controls). PRP had insignificant effect 
on miscarriage rate (RR: 0.72, 95% CI: 0.41 to 1.27; 
P = 0.26, Supplementary Fig. 16). There was no heteroge-
neity (P = 0.37, I2 = 7%) between studies.

RIF

Clinical pregnancy  Pooling data from 13 studies [13–
15, 18–20, 26, 31, 34, 37–40] involving 1772 subjects (865 
cases and 907 controls). The clinical pregnancy rate was 
significantly increased (RR: 1.83, 95% CI: 1.49 to 2.24; 

Fig. 5  Forrest plot for the effect of PRP-therapy on live birth rate after leave one out. (CI: Confidence Interval, PRP: Platelet Rich Plasma)

Fig. 6  Forrest plot for the effect of PRP-therapy on miscarriages. (CI: Confidence Interval, PRP: Platelet Rich Plasma)
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P < 0.00001, Supplementary Fig.  17). The studies were 
homogeneous (P = 0.05, I2 = 43%).

Live birth  A total of six studies [14, 15, 19, 26, 37, 38] 
(500 cases and 503 controls) were included in the analy-
sis. The PRP arm had a significantly higher live birth rate 
(RR: 2.54, 95% CI: 1.36 to 4.73; P = 0.003, Supplementary 
Fig.  18). There was heterogeneity (P = 0.0008, I2 = 76%) 
between studies. After leaving Nazari et al. [15], five stud-
ies [14, 19, 26, 37, 38] with 610 subjects (304 cases and 
306 controls) were included. PRP significantly increased 
live birth rate (RR:1.83, 95% CI: 1.33 to 2.51; P = 0.002, 
Supplementary Fig. 19). The studies were homogeneous 
(P = 0.38, I2 = 5%).

Miscarriages  We retrieved eight studies [13–15, 19, 
20, 34, 37, 38] with 518 subjects (328 cases and 190 con-
trols). PRP administration significantly reduced the rate 
of miscarriage (RR: 0.46, 95% CI: 0.31 to 068; P = 0.0001, 
Supplementary Fig. 20). The studies were homogeneous. 
(P = 0.06, I2 = 49%).

Thin endometrium

Clinical pregnancy  Pooling data from five studies [19, 
27–30], including 289 participants (170 cases and 119 
controls). PRP infusion significantly increased clinical 
pregnancy rate (RR: 1.98, 95% CI: 1.32 to 2.97; P = 0.001, 
Supplementary Fig. 21). The studies were homogeneous 
(P = 0.83; I2 = 0%).

Miscarriages  We retrieved four studies [19, 27–29] 
with 83 subjects (59 cases and 24 controls). Miscarriage 
rate was significantly reduced in the PRP arm compared 
to the controls (RR: 0.39, 95% CI: 0.17 to 0.94; P = 0.04, 
Supplementary Fig. 22). There was homogeneity between 
studies (P = 0.61, I2 = 0%).

Subgroup analysis based on dose and age  Subgroup 
analysis based on doses of PRP showed that PRP at a dose 
of 0.5  ml significantly increased the clinical pregnancy 
[RR = 2.23, 95% CI (1.82, 2.73), P < 0.00001], and the 
pooled analysis was homogeneous (I2 = 29%, P = 0.18). 
PRP was comparable to the control in terms of mis-
carriage [RR = 0.56, 95% CI (0.23, 1.35), P = 0.20].The 
pooled analysis was heterogeneous (I2 = 69%, P = 0.01), 
however, after leaving Nazari 2022a [15], it was homog-
enous (I2 = 46%, P = 0.13), with no significant difference 
between the 2 groups [RR = 0.82, 95% CI (0.29, 2.27), 
P = 0.70] (Supplementary Figs. 24, 25). PRP had no signif-
icant effect on live birth [RR = 3.79, 95% CI (0.84, 17.08), 
P = 0.08]. There was heterogeneity in the pooled analysis 

(I2 = 80%, P = 0.002). However, after leaving Allahvesi 
[17], PRP significantly improved live birth[RR = 7.17, 
95% CI (4.03, 12.74), P < 0.00001].The analysis was 
homogeneous(I2 = 0%, P = 0.95) (Supplementary Figs. 23, 
26, 27).

PRP of dose 0.5 to 1  ml significantly improved clini-
cal pregnancy [RR = 1.89, 95% CI (1.24, 2.88) P = 0.003], 
but had no significant effect on miscarriages [RR = 0.55, 
95% CI (0.19, 1.63), P = 0.28] or live birth [RR = 1.08, 
95% CI (0.46, 2.55) P = 0.86]. The analysis was homog-
enous for clinical pregnancy, and miscarriage (I2 = 0%, 
P = 0.64), (I2 = 0%, P = 0.66), respectively. PRP at a dose 
of one ml significantly reduced miscarriage [RR = 0.57, 
95% CI (0.44, 0.75), P < 0.0001] and increased live 
birth [RR = 1.91, 95% CI (1.38, 2.65), P < 0.0001] and 
clinical pregnancy [RR = 1.47, 95% CI (1.22, 1.76), 
P < 0.0001] compared to the control. The pooled analy-
sis was homogeneous for all the outcomes (I2 = 1%, 
P = 0.39), (I2 = 0%, P = 0.57), and (I2 = 10%, P = 0.35), 
respectively(Supplementary Figs. 23, 24, 26).

PRP dose of 1.5 ml significantly improved clinical preg-
nancy [RR = 2.35, 95% CI (1.06, 5.23), P = 0.04], but had 
no significant effect on live birth [RR = 11, 95% CI (0.63, 
192.56), P = 0.10]. PRP dose of 5–7 ml had no significant 
effect on clinical pregnancy [RR = 4.39, 95% CI (0.31, 
62.67), P = 0.27] or live birth [RR = 0.76, 95% CI (0.04, 
13.59), P = 0.85] (Supplementary Fig. 23, 26).

Subgroup analysis showed that PRP in the subgroup 
population who were < 35 years old significantly reduced 
miscarriage [RR = 0.50, 95% CI (0.40, 0.63), P < 0.00001] 
and increased live birth [RR = 2.31, 95% CI (1.29, 4.16), 
P = 0.005] and clinical pregnancy [RR = 1.79, 95% CI 
(1.57, 2.04), P < 0.00001] compared to the control. The 
pooled analysis was homogeneous for clinical preg-
nancy (I2 = 38%, P = 0.06).The analysis was heteroge-
neous  for miscarriage (I2 = 47%, P = 0.04), however, 
after leaving Nazari et  al. 2022a [15], the analysis was 
homogenous (I2 = 4%, P = 0.40) without affecting the 
pooled effect [RR = 0.59, 95% CI (0.44, 0.78), P = 0.0002]. 
There was heterogeneity in the analysis of live birth 
(I2 = 74%, P = 0.0004), but after excluding Nazari et  al. 
2022a [15], the pooled analysis revealed homogeneity 
(I2 = 27%, P = 0.22) without affecting the pooled effect 
[RR = 1.74, 95% CI (1.19, 2.54), P = 0.004]. (Supplemen-
tary Figs. 28–32).

Regarding age group ≥ 35  years old, PRP significantly 
increased clinical pregnancy [RR = 2.52, 95% CI (1.41, 
4.50), P = 0.002], but was comparable in terms of live 
birth [RR = 2.29, 95% CI (0.24, 21.72), P = 0.47], and 
miscarriages[RR = 0.63, 95% CI (0.32, 1.23), P = 0.17]. 
Pooled analysis was homogeneous for clinical pregnancy 
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(I2 = 0%, P = 0.72) and live birth (I2 = 17%, P = 0.27) (Sup-
plementary Figs. 28, 29, 31).

Meta regression
For all the population, there was no significant rela-
tion between age, BMI, duration of infertility, endome-
trial thickness, number of previous cycles, and number 
of embryos transferred on clinical pregnancy, chemical 
pregnancy, and miscarriages.

For women with RIF, regarding chemical pregnancy, no 
significant relation was found with age, BMI, and dura-
tion of infertility. Regarding clinical pregnancy, we found 
no significant relation with age, BMI, and number of pre-
vious cycles. There was a significant relation between 
duration of infertility and clinical pregnancy rate (95% 
CI: 0.0 to 0.047; P = 0.049, Supplementary Fig. 33).

For women with implantation failures, regarding chem-
ical pregnancy, we found no significant relation with age, 
BMI, and duration of infertility. Regarding clinical preg-
nancy, there was no significant relation with age, BMI, 
and duration of infertility. There was a significant relation 
between number of previous cycles and clinical preg-
nancy rate (95% CI: 0.019 to 0.584; P = 0.037, Supplemen-
tary Fig. 34).

Discussion
We investigated the role of intrauterine PRP among sub 
fertile women undergoing assisted reproduction and the 
effect of covariates on the outcomes of PRP. Our sys-
tematic review included 23 studies with 2,449 patients. 
There were 1,229 women receiving intrauterine platelet 
rich plasma and 1,220 women in the control group. Our 
analysis on all the included women revealed that PRP sig-
nificantly improved clinical pregnancy, live birth, miscar-
riages, implantation rate, chemical pregnancy, ongoing 
pregnancy, and endometrial thickness whereas insignifi-
cant on multiple pregnancy, ectopic pregnancy. As for 
clinical pregnancy, the same findings were found among 
the analysis of RCTs, RIF, and thin endometrium. For RIF 
patients, PRP significantly improved live birth but had 
no significant effect in the analysis of RCTs. There was 
no statistically significant effect on miscarriages in the 
analysis of RCTs, whereas significant among women with 
RIF and those with thin endometrium. We found a statis-
tically significant relation between clinical pregnancy and 
the duration of infertility among women with RIF, and 
with the number of previous cycles among women with 
implantation failure.

The role of PRP was first investigated in the meta-anal-
ysis conducted by Maleki-Hajiagha et  al. [41]. However, 
since the meta-analysis was the first to be conducted, 
some limitations were considered as they didn’t investi-
gate the role of PRP in live birth, their analysis was based 

on only 7 studies with 625 women. In one them [42], 
the control group were on systemic G-CSF. In contrast, 
among our included studies, systemic G-CSF was admin-
istered in both groups in Nourshin et al. [13]. Among the 
overall population, our results were consistent with them 
regarding chemical pregnancy, clinical pregnancy, and 
implantation rates, and endometrial thickness but with 
larger sample size. However, our results came conflicting 
regarding miscarriages.

Several meta-analyses were carried out afterwards 
to investigate the role of PRP in the reproductive field. 
However, each study had some limitations. Liu et al. [43] 
combined the effect of invasive sub-endometrial and 
non-invasive intrauterine infusion. li et al. [44] didn’t fol-
low a strict definition for RIF. Maged et-al. [45] included 
self-controlled trials. The results of the meta-analyses 
showed that PRP improved clinical pregnancy [43–47], 
however they had inconsistent results regarding the risk 
of miscarriages. Regarding RIF patients, our results were 
conflicting with the meta-analyses conducted by Anitua 
et al., li et al., and were consistent with deng et al., and liu 
et al. [43, 44, 46, 47].

The conflict among the previous meta-analyses on the 
risk of miscarriages among RIF patients can be attributed 
to many factors including the criteria for defining RIF, 
and the number of included studies. The inconsistency in 
results among the studies as concluded by Noushin et al. 
is attributable to the absence of consensus on the ideal 
method for preparation of PRP. Most of the studies did 
not mention the platelet or white blood cells quantifica-
tion used in the PRP which would highly influence the 
results [13].

The role of PRP in improving pregnancy outcomes was 
believed to be related to its effect on endometrial thick-
ness ever since the study conducted by Chang et al. [12], 
as there was an association between them. However, this 
is still questionable. Kim et  al. [48] found that although 
PRP had favorable effect on pregnancy outcomes, no 
association was found between them. Moreover, it has 
been suggested that endometrial thickness is a poor pre-
dictor of clinical pregnancy [1]. In our study, PRP sig-
nificantly improved clinical pregnancy and endometrial 
thickness. However, in the meta-regression, we found no 
significant relation between them.

The precise mechanism behind PRP’s positive impact 
is still unknown. However, it is suggested that this effect 
is due to its immunological role where providing an anti-
inflammatory endometrial environment hinders the 
rejection of implantation [49, 50]. This is done through 
the regulation of several inflammatory cytokines includ-
ing interleukin1, interleukin 8, and interleukin 1-β [41].

Our strengths is that our review is comprehensive with 
large sample size. We followed PRISMA guidelines. All 
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our included RCTs were considered low risk in perfor-
mance bias and detection bias. We investigated the role 
of PRP on the risk of ectopic pregnancy. This outcome 
wasn’t investigated in the previous meta-analyses. Our 
included studies come from 9 different countries across 
different continents, so our results could be generaliz-
able. We didn’t combine the effect of different methods 
of PRP administration in contrast to the meta-analysis by 
Liu et al. We followed a strict definition for RIF patients.

Our limitations is that we only considered studies in 
English. Most of our included RCTs had unclear alloca-
tion concealment. Publication bias was observed among 
the included studies. There was heterogeneity in the anal-
ysis as there was heterogeneity among the studies in the 
methods of preparation of PRP and subsequently the het-
erogeneity in the concentrations of platelets used for each 
dose of therapy. Where the same dose of PRP had differ-
ent concentrations of platelets across different studies.

A standardized protocol is needed for the preparation 
of PRP in order to investigate the optimum dose for ther-
apy. We recommend that further RCTs should investigate 
the optimum dose of PRP, and the role of PRP for differ-
ent causes cause of subfertility.

Conclusion
PRP improved clinical pregnancy, live birth, and miscar-
riage rates in women undergoing IVF/ICSI. Further RCTs 
are needed to investigate the optimum dose of PRP.
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