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ly defined as three cycles of IVF that are unsuccessful even though 
1–2 good-quality embryos are transferred in each cycle [3]. Impaired 
endometrial receptivity has been suggested as a major cause of RIF, 
and immune abnormalities reduce endometrial receptivity and con-
sequently prevent implantation. Immune abnormalities have also 
been reported as the cause of recurrent spontaneous abortion (RSA) 
[4]. Therefore, many immunotherapies have been explored to im-
prove endometrial receptivity and increase the pregnancy rate. Im-
munotherapy methods suggested for immune dysfunction include 
leukocyte immunization, intravenous immunoglobulin (IVIG), 
low-molecular-weight heparin, and intralipid [5,6].  

Intralipid, which refers to a lipid emulsion comprising soybean oil, 
is an example of immunotherapy. Because intralipid is a source of fat, 
it has traditionally been used as a nutritional supplement for patients 
unable to eat orally. In addition to its nutritional role as an energy 
source, intralipid has biological functions, including immune func-
tion [7]. Although the immunological mechanism of intralipid is not 
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We performed a systematic review and meta-analysis to evaluate whether intralipid administration improved the outcomes of in vitro fertil-
ization. Online databases (PubMed, Cochrane Library, Medline, and Embase) were searched until March 2020. Only randomized controlled 
trials (RCTs) that assessed the role of intralipid administration during in vitro fertilization were considered. We analyzed the rates of clinical 
pregnancy and live birth as primary outcomes. Secondary outcomes included the rates of chemical pregnancy, ongoing pregnancy, and 
missed abortion. We reviewed and assessed the eligibility of 180 studies. Five RCTs including 840 patients (3 RCTs: women with repeated im-
plantation failure, 1 RCT: women with recurrent spontaneous abortion, 1 RCT: women who had experienced implantation failure more than 
once) met the selection criteria. When compared with the control group, intralipid administration significantly improved the clinical pregnan-
cy rate (risk ratio [RR], 1.48; 95% confidence interval [CI], 1.23–1.79), ongoing pregnancy rate (RR, 1.82; 95% CI, 1.31–2.53), and live birth rate 
(RR, 1.85; 95% CI, 1.44–2.38). However, intralipid administration had no beneficial effect on the miscarriage rate (RR, 0.75; 95% CI, 0.48–1.17). 
A funnel plot analysis revealed no publication bias. Our findings suggest that intralipid administration may benefit women undergoing in vi-
tro fertilization, especially those who have experienced repeated implantation failure or recurrent spontaneous abortion. However, larger, 
well-designed studies are needed to confirm these findings. 
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Introduction 

Although in vitro fertilization (IVF) has come a long way, the suc-
cess rate of IVF is still less than 40% [1]. Furthermore, approximately 
10% of women who receive IVF with intracytoplasmic sperm injec-
tion experience repeated implantation failure (RIF) [2]. RIF is general-
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fully understood, several studies have reported that its active com-
ponent, soybean oil, inhibited the cytotoxic activity of natural killer 
(NK) cells [8,9]. Increased NK cell cytotoxicity has been associated 
with RSA and RIF [10,11]. In this context, many studies have explored 
the use of intralipid for women with/without RIF or RSA undergoing 
IVF [12-16]. However, the results of these studies have proven incon-
sistent and controversial. Therefore, the effectiveness of intralipid ad-
ministration in infertile women undergoing IVF has not been conclu-
sively established. 

In view of the conflicting results of prior studies, we performed a 
systematic review and meta-analysis to evaluate the effect of intr-
alipid administration on infertile women during IVF. 

Methods 

We followed the guidelines of the Cochrane Handbook for Sys-
tematic Reviews and preferred reporting items for systematic re-
views and meta-analyses (PRISMA) checklist protocol. This study pro-
tocol was registered with PROSPERO (CRD42020201739). 

1. Eligibility criteria 
Only randomized controlled trials (RCTs) evaluating whether ad-

ministration of intralipid plays a beneficial role in women undergo-
ing IVF were considered. We included both published RCTs and un-
published RCTs and searched abstracts presented at major infertility 
conferences to identify any unpublished trials. Non-randomized 
studies were excluded from the current meta-analysis due to the 
high risk of bias. As the crossover design is invalid, these trials were 
also excluded. The target population was infertile women who had 
undergone IVF. We measured the rates of clinical pregnancy (CPR) 
and live birth (LBR) per randomized woman as the primary out-
comes. Clinical pregnancy was determined based on the presence of 
a gestational sac and detectable fetal heartbeat. Live birth was de-
fined as delivery of a live neonate after 24 weeks of gestational age. 
Secondary outcomes included the rates of ongoing pregnancy (de-
fined when the pregnancy reached ≥ 12 weeks of gestation) and 
missed abortion (defined as the intrauterine death of a fetus occur-
ring before 20 weeks of gestational age) per randomized woman. We 
also assessed adverse events, including adverse reactions to intralip-
id administration and congenital anomalies. 

2. Search methodology for literature identification 
We searched online databases including PubMed, Medline, Em-

base, and the Cochrane Library for all relevant papers through March 
2020. The following Medical Subject Headings (MeSH) and text 
terms were used to retrieve all relevant literature: “intralipid” and (“in 
vitro fertility” or “IVF” or “assisted reproductive techniques” or “ART” or 

“repeated implantation failure” or “RIF” or “recurrent pregnancy loss” 
or “RPL” or “recurrent miscarriage” or “recurrent spontaneous abor-
tion” or “RSA”). There was no language restriction. Studies were inde-
pendently identified by EJH and SWL. 

3. Study selection and data extraction 
Initially, two review authors (EJH and SWL) identified potentially 

relevant trials, and the retrieved titles and abstracts were then 
screened. We retrieved the full texts of all potentially eligible articles, 
and both authors (EJH and SWL) independently read through the 
full-text articles to determine whether they met the inclusion criteria 
and selected studies for inclusion in the review. Any disagreements 
regarding study eligibility were resolved by discussion or arbitration 
by a third author (WSL). The selection process was presented in a 
PRISMA flow chart.  

4. Assessment of risk of bias in the included studies  
Two review authors (EJH and SWL) independently evaluated the 

risk of bias in individual articles using the Cochrane Risk of Bias tool 
presented in the Cochrane Handbook for Systematic Reviews of In-
tervention (www.training.cochrane.org/ handbook). They evaluated 
the following seven sources of bias: (1) random sequence generation 
(selection bias); (2) allocation concealment (selection bias); (3) 
blinding of participants and personnel (performance bias); (4) 
blinding of outcome assessment (detection bias); (5) incomplete 
outcome data (attrition bias); (6) selective reporting (reporting bias); 
and (7) other sources of bias (other bias). We summarized the results 
of the risk of bias assessment for the included studies in graphs. 

5. Statistical analysis 
We conducted the meta-analysis using the RevMan 5.3 software 

package (Cochrane Collaboration, Oxford, UK). The risk ratios (RRs) 
with 95% confidence intervals (CIs) for binary data variables were 
calculated using the Mantel-Haenszel method. Using the I2 statistic 
to assess the statistical heterogeneity across the included articles, we 
determined that statistical heterogeneity was absent when I2 was 
< 50%. In selecting the effect models, I2 was used as the standard 
(fixed model: I2 < 50%, random-effect model: I2 ≥ 50%). We used a 
forest plot to graphically present the heterogeneity of the treatment 
effects. Publication bias was also estimated using funnel analysis and 
the Egger test. Forest plots were generated to present the results of 
the meta-analysis. When sufficient studies were available, we carried 
out further analyses within the following subgroups: (1) women 
without RIF or RSA versus women with RIF or RSA, and (2) women 
with previous implantation failure versus women with RSA. We also 
planned sensitivity analyses to evaluate whether our outcomes 
would have differed if (1) a random-effect model had been adopted, 
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or (2) we had restricted the analysis to only published studies. 

Results 

1. Study selection and characteristics 
In total, 180 articles were collected from electronic databases. Of 

these, 149 studies were considered ineligible as screening of the ti-
tles and abstracts revealed they did not meet the inclusion criteria. 
After reviewing the full texts of the remaining 31 studies, 26 studies 
were excluded for the following reasons: 10 studies were non-RCTs, 
nine studies were reviews, and seven studies reported no relevant 
comparisons or outcomes. Finally, five RCTs involving a total of 840 
patients were included in the present meta-analysis [12-14,17,18]. 
The search results were presented in a PRISMA flow chart (Figure 1). 

Three of the included trials were published as full articles [12-14], 
and two were published as conference abstracts [17,18]. Three stud-
ies evaluated the effects of intralipid administration on RIF [12,17,18], 
one study investigated the influence of intralipid administration on 

RSA in patients with elevated NK cell levels ( > 12%) [13], and one 
study assessed the efficacy of intralipid for infertile women who ex-
perienced implantation failure more than once [14]. Most studies ex-
cluded women with an abnormal uterine cavity (i.e., endometrial 
polyp, submucosal myoma, or arcuate uterus). The method of intr-
alipid administration varied among the included trials. In most stud-
ies, 20% intralipid was administered twice intravenously. For the first 
dose, intralipid was infused on the fourth to ninth day of controlled 
ovarian hyperstimulation [17], the day of ovum pick-up [13,14], or 
the day of embryo transfer [12]. The second dose of intralipid was 
administered on the day of embryo transfer [14], the day of the preg-
nancy test [12], or within 1 week of a positive pregnancy test [13,17]. 
All five included trials reported the CPR and LBR as outcomes. The 
chemical pregnancy rate was reported in two trials [13,14], the on-
going pregnancy rate was reported in two trials [13,14] and the mis-
carriage rate was reported in two trials [12,13]. Table 1 shows the 
characteristics of the five included studies.  

Figure 1. Preferred reporting items for systematic reviews and meta-analyses flow diagram of study selection. RCT, randomized controlled trial.
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2. Methodological quality of the included studies  
Most of the included trials had a relatively low to moderate risk of 

bias according to the guidelines of the Cochrane Collaboration (Sup-
plementary Table 1). We present the outcomes of the risk of bias as-
sessments for the included studies in figures (Supplementary Figures 
1 and 2). 

3. Outcome measures 
1) Clinical pregnancy rate 

All five included RCTs (840 patients) reported the CPR. All five RCTs 
showed that the CPR was higher in the intralipid group than in the 
placebo group, but the results were statistically significant in only 
two RCTs [14,17]. Pooling of the data showed a significant improve-
ment in the CPR in the intralipid group when compared with the 
control group (RR, 1.48; 95% CI, 1.23–1.79; p = 0.13). Heterogeneity 
was not found among the trials, as judged by the I2 value (45%). 
Thus, we selected a fixed-effect model (Figure 2A). 

2) Live birth rate 
All five included RCTs (840 patients) were eligible for inclusion in 

the meta-analysis of the LBR. In three of the five RCTs, it was con-

firmed that intralipid significantly increased the LBR when compared 
to the placebo group [13,14,17]. The RR for the LBR was 1.85 (95% CI, 
1.44–2.38) in favor of intralipid administration for infertile women 
undergoing IVF. Homoge-neity was found among the five RCTs ac-
cording to the I2 value (0%). According to the result of I2, we analyzed 
the data using a fixed-effect model (Figure 2B). 

3) Ongoing pregnancy rate 
Two trials (398 patients) assessed the ongoing pregnancy rate 

[13,14]. Both studies noted that the rate of ongoing pregnancy in the 
intralipid group was significantly higher than that in the placebo 
group. The results of the meta-analysis showed a higher ongoing 
pregnancy rate when intralipid was administered (RR, 1.82; 95% CI, 
1.31–2.53; p = 0.38). When the I2 statistic was calculated, no hetero-
geneity was identified (I2 = 0%). We performed the meta-analysis us-
ing a fixed-effect model because I2 was < 50% (Figure 3A). 

4) Miscarriage rate 
The miscarriage rate was reported in two RCTs with 438 patients 

[12,13]. One of them showed that intralipid significantly decreased 
the miscarriage rate when compared to the control group [13]. Pool-

Table 1. Characteristics of the included studies

Study Study design
Participant

characteristics
Sample size 

(T/C)
Intervention Control Outcome

Al-Zebeidi et al. 
(2020) [12]

Randomized 
controlled 
study

Unexplained re-
current implan-
tation failure 
( ≥ 3 cycles)

142 (71/71) Intravenous infusion of intralipid (100 mL of 
20% intralipid diluted in 500 mL of normal 
saline) on the day of embryo transfer and a 
second dose on the day of pregnancy test

No intervention Clinical pregnancy 
rate, live birth rate, 
miscarriage rate

Singh et al. 
(2019) [14]

Randomized 
controlled 
study

Previous implan-
tation failure 
( ≥ 1 cycle)

102 (52/50) Intravenous infusion of intralipid (4 mL of 
20% intralipid diluted in 250 mL of normal 
saline) on the day of oocyte retrieval (after 
retrieval) and a second dose on the day of 
embryo transfer, 1 hour prior to transfer

Intravenous saline 
injection

Chemical pregnancy 
rate, clinical preg-
nancy rate, implan-
tation rate, ongo-
ing pregnancy rate, 
live birth rate

Gamaleldin et al. 
(2018) [18]

Randomized 
controlled 
study

Unexplained re-
current implan-
tation

97 (48/49) Intravenous infusion of intralipid (20%) start-
ing 6–7 days before embryo transfer and a 
second dose in case of a positive pregnancy 
test

Intravenous saline 
injection

Clinical pregnancy 
rate, live birth rate

Dakhly et al. 
(2016) [13]

Randomized 
controlled 
study

Recurrent sponta-
neous abortion 
( ≥ 3) with ele-
vated NK cell 
levels ( > 12%)

296 (144/152) Intravenous infusion of intralipid (2 mL of 
20% intralipid diluted in 250 mL of normal 
saline) on the day of oocyte retrieval and re-
peated within 1 week of a positive pregnan-
cy test and every 2 weeks until the end of 
the first trimester

Intravenous saline 
injection

Chemical pregnancy 
rate, clinical preg-
nancy rate, ongo-
ing pregnancy rate, 
live birth rate, mis-
carriage rate

El-Khayat et al. 
(2015) [17]

Randomized 
controlled 
study

Unexplained re-
current implan-
tation failure 
(2–6 cycles)

203 (101/102) Intravenous infusion of intralipid (20%) be-
tween day 4 and 9 of ovarian stimulation 
and a second dose when participants be-
came pregnant, within 1 week of the posi-
tive pregnancy test

Intravenous saline 
injection

Clinical pregnancy 
rate, implantation 
rate, live birth rate

No data were presented about the NK cell level except by Dakhly et al. [13].
T, trial group; C, control group; NK, natural killer. 
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Figure 2. Meta-analysis of the clinical pregnancy rate (A) and live birth rate (B). M-H, Mantel-Haenszel; CI, confidence interval.

Figure 3. Meta-analysis of the ongoing pregnancy rate (A) and miscarriage rate (B). M-H, Mantel-Haenszel; CI, confidence interval.

ing of the data revealed no beneficial effect of intralipid injection on 
the miscarriage rate (RR, 0.75; 95% CI, 0.48–1.17; p = 0.21). Homoge-
neity between the two RCTs was identified using the I2 statistic 
(22%). Thus, we selected a fixed-effect model (Figure 3B). 

5) Adverse events 
Four of the included studies assessed adverse events, which did 

not show a statistically significant difference between the interven-
tion group and control group [12-14,18]. In two of these trials [14,18], 

one congenital diaphragmatic hernia and two congenital external 
ear anomalies were reported in the intralipid treatment groups. In 
the other trials [12,13], no adverse events of intralipid administration 
were reported.  

4. Publication bias analysis 
The five RCTs included in this meta-analysis were evenly distribut-

ed across the graph in the funnel plot analysis, showing no publica-
tion bias (Figure 4).  
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5. Subgroup analysis and sensitivity analysis 
We did not conduct a subgroup analysis since it was not possible 

to extract data for populations without RIF or RSA. In a subgroup 
analysis of women with previous implantation failure versus women 
with RSA, we found higher CPR and LBR for women with previous 
implantation failure, and the pooled RRs were 1.74 (95% CI, 1.27–
2.40) and 1.98 (95% CI, 1.39–2.80), respectively (Supplementary Fig-
ure 3). For women with RSA, only one study was reported, according 
to which LBR improved compared with placebo or no treatment 
(Supplementary Figure 3). Sensitivity analyses using a random-effect 
model or limited to only published studies did not result in different 
conclusions regarding the CPR, LBR, ongoing pregnancy rate, and 
miscarriage rate (Supplementary Tables 1 and 2). 

Discussion 

This meta-analysis was conducted to evaluate the effectiveness of 
intralipid administration for infertile women undergoing IVF. Five RCTs 
involving a total of 840 infertile women were included. The meta-anal-
ysis showed that IVF outcomes, including the CPR, ongoing pregnan-
cy, and live birth, improved when intralipid was used as an adjunct 
treatment in women undergoing IVF, especially for RIF or RSA. 

The current review showed that intralipid administration im-
proved the LBR compared with the control group (RR, 1.85; 95% CI, 
1.44–2.38) (Figure 2B). This finding is consistent with the preliminary 
results of a meta-analysis presented by Asif et al. [19] at the 34th An-
nual Meeting of the European Society of Human Reproduction and 
Embryology (RR, 2.13; 95% CI, 1.35–3.36). This review provided more 
reliable evidence because it analyzed more participants than the 
study of Asif et al. [19] (5 RCTs with 840 participants vs. 2 RCTs with 
303 participants). Another difference relates to the inclusion criteria, 
as the authors [19] included only women with RIF, whereas this re-

view included women with RSA as well as RIF, because intralipid is 
known to effective in suppressing NK cytotoxicity which has been 
suggested as a common cause of RIF and RSA. 

Although not included in this meta-analysis, we did find non-RCTs 
assessing the effects of intralipid on IVF outcomes. Martini et al. [16] 
evaluated the effects of intralipid infusion on 127 women with RIF or 
RSA who had elevated NK cell levels ( ≥ 19%) and had undergone as-
sisted reproductive technology (IVF or intrauterine insemination). 
They administered intralipid (4 mL of 20% intralipid diluted in 250 
mL of normal saline) 7–10 days before embryo transfer or insemina-
tion, a second dose at a gestational age of 6 weeks and again at a 
gestational age of 10 weeks. In that study, intralipid failed to improve 
the CPR or LBR when compared with the baseline rates published by 
Tang et al. [20] (p = 0.12 and p = 0.80, respectively). The use of histor-
ical control data was a notable limitation of this study. Another non-
RCTs assessing the utility of intralipid in infertile women with RIF or 
RSA was reported by Check and Check [15]. They analyzed the effect 
of intralipid in a more specific patient group (aged 40–42 years) com-
pared to the patient groups of the studies included in our meta-anal-
ysis. Intralipid (4 mL of 20% intralipid diluted in 100 mL normal sa-
line) was infused during the mid-follicular phase. The authors 
demonstrated that intralipid did not increase the LBR in infertile 
women undergoing IVF who experienced RIF or RSA (p = 0.087). The 
differences between these findings and those of our meta-analysis 
may be due to the different study populations. The efficacy of intr-
alipid in women of advanced reproductive age with RIF or RSA 
should be evaluated in further studies. 

The immune mechanism of intralipid has not been fully identified, 
but several previous studies have suggested that it has immunosup-
pressive properties that inhibit NK cytotoxic activity and production 
of pro-inflammatory cytokines such as tumor necrosis factor-alpha, 
interleukin-6, and interleukin-8 [8,9,21]. In particular, NK cytotoxicity 
has been suggested as a cause of RIF and RSA [10,11]. It has been 
shown that intralipid affects NK cells through receptors such as the G 
protein-coupled receptor and peroxisome proliferator-activated re-
ceptor (PPAR) [22-25]. The fatty acids in intralipid and its metabolites 
act as ligands that activate PPAR expressed in NK cells. PPAR activa-
tion reduces NK cytotoxicity and consequently enhances implanta-
tion and maintains pregnancy [26-29]. PPAR also plays an important 
role in implantation, invasion of cytotrophoblasts, embryo growth, 
and formation of the placenta [25,30]. 

Like intralipid, IVIG is also effective in suppressing NK cytotoxicity 
[29,31] and has been used successfully to treat RIF and RSA. Howev-
er, IVIG is expensive and is associated with side effects such as trans-
fusion-transmitted diseases because of a blood product. In recent 
years, some authors have suggested that intralipid and IVIG are 
equally effective in decreasing NK cell cytotoxicity. Coulam and Aca-

Figure 4. Funnel plot comparison showing publication bias. SE, 
standard error; RR, risk ratio.
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cio [32] compared the effects of intralipid and IVIG in infertile women 
who had experienced reproductive failure and increased NK cell lev-
els (n = 442). There were no significant differences between the intr-
alipid group (n = 200) and IVIG group (n = 242) in the LBR or ongoing 
pregnancy rate (61% vs. 56%, respectively). In 2016, Meng et al. [10] 
conducted an RCT to compare the effects of intralipid (n = 78) and 
IVIG (n = 78) in women with unexplained RSA and elevated NK cell 
levels ( > 20%). The authors noted that the successful pregnancy 
rates of the two groups were similar (92.1% vs. 88.2%; p = 0.415). 
These data suggest that intralipid is sufficiently effective and may be 
used as an alternative to IVIG for the treatment of RSA or RIF. Further-
more, intralipid is less expensive than IVIG. However, RCTs with larger 
sample sizes are needed to confirm that intralipid and IVIG are both 
effective treatments for RIF or RSA. 

To ensure quality, we included only RCTs in the meta-analysis. Fur-
thermore, selection bias was reduced, as two reviewers inde-
pendently selected the trials and extracted the data. There were also 
several limitations to our review. One was the heterogeneity of the 
included trials. There were differences among the study populations 
(infertile women with RIF, RSA, or a history of implantation failure). 
There was also variability among the intralipid administration proto-
cols in terms of dose, frequency, and duration. Therefore, the optimal 
dose, frequency, and duration of intralipid were not confirmed. An-
other limitation is that only a small number of studies were included 
in the meta-analysis. Despite these limitations, the present me-
ta-analysis provides clinicians with a meaningful summary of the ex-
isting studies on the effectiveness of intralipid for infertile women 
undergoing IVF with RIF or RSA. 

In conclusion, the findings of the current meta-analysis and sys-
tematic review suggest that intralipid administration may improve 
IVF outcomes, especially in women with RIF or RSA. However, due to 
some limitations of this review, intralipid in women undergoing IVF 
should be used with caution and these findings need to be further 
evaluated in larger, well-designed studies. The mechanisms and 
safety of intralipid and the optimal protocol for intralipid administra-
tion should also be explored in future research. 
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