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Background: The association between endometriosis and embryological outcomes
remains uncertain. The meta-analysis aimed to evaluate the impact of endometriosis
on embryo quality.

Methods: A systematic review and meta-analysis was conducted to investigate the
association between the endometriosis and embryo quality. Searches were performed
on the three electronic databases: PubMed, EMBASE, and Web of Science. The detailed
characteristics and data of the included studies were extracted. The risk ratio with 95%
confidence intervals were calculated using the random and fixed effects model. The
main outcome measures were high-quality embryo rate, cleavage rate, and embryo
formation rate.

Results: A total of 22 studies included were analyzed. Compared with the control
group, women with endometriosis had a similar high-quality embryo rate (RR = 1.00;
95% Cl, 0.94-1.06), a comparable cleavage rate (RR = 1.00; 95% ClI, 0.97-1.02), and a
similar embryo formation rate (RR = 1.10; 95% ClI, 0.97-1.24). In women with stage lll-IV
endometriosis, there was no statistically significantly difference in high-quality embryo
rate (RR = 1.02; 95% ClI, 0.94-1.10), cleavage rate (RR = 1.00; 95% ClI, 0.98-1.02), and
embryo formation rate (RR = 1.05; 95% CI, 0.97-1.14), compared with those without
endometriosis. For women with unilateral endometrioma, pooling of results from the
affected ovaries did not show a statistically significantly difference in high-quality embryo
rate (RR = 0.99; 95% ClI, 0.60-1.63) in comparison to the normal contralateral ovaries.

Conclusions: Our results seem to indicate that endometriosis does not compromise
embryo quality from the perspective of morphology.
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INTRODUCTION

Endometriosis, wherein endometrial tissue including glands and
stroma is present outside the uterine cavity, affects ~10% of
women in reproductive age and 40% of women with infertility
(1, 2). Studies have shown that endometriosis has adverse
effect on fertility in reproductive women. The corresponding
mechanisms mainly include reduction of functional ovarian
tissue resulted from endometriomas or surgery, inflammatory
changes in peritoneal fluid, reduction in endometrial receptivity
and alteration in the number and quality of oocyte or embryo.
However, the explicit causes are still poorly understood (3).
Assisted reproductive technology (ART) is an effective approach
for endometriosis-associated infertility (4).

Many research papers pertaining to the consequence of
endometriosis on the outcomes of ART have been published;
nevertheless, these results remain still controversial (5-7). More
specifically, it also seemed disputed in terms of the association
between endometriosis and embryological outcomes (8-10). This
respect is essential considering that efforts are made to select
high-quality embryos for transfer in embryological laboratories,
especially, elective single-embryo transfer (eSET) has been
increasingly advocated to reduce the risk of multiple gestations
and improve pregnancy outcomes (11). It is of significance to
further elucidate this aspect, as so far with conflicting, and to
the best of our knowledge, no meta-analysis specifically focusing
on the association between endometriosis and embryological
outcomes is present. The aims of our systematic review and meta-
analysis are to investigate the association between endometriosis
and embryological outcomes from the morphological perspective
and further review whether the severity of endometriosis or
unilateral endometrioma has a negative effect on embryo
formation and development.

METHODS

Search Strategy and Selection Criteria
PubMed, EMBASE, and Web of Science were searched
by two independent reviewers using the keywords and/or
medical subject heading (MeSH) terminology: endometriosis,
endometrioma, ART, in-vitro fertilization, and intracytoplasmic
sperm injection, embryo. The final search was performed in
August 2020.

The inclusion criteria were as follows: O cohort studies
(retrospective or prospective); O women underwent in-vitro
fertilization/intracytoplasmic sperm injection (IVF/ICSI); O
study group consisted of women with endometriosis diagnosed
by laparoscopy, histology, ultrasound, or magnetic resonance
imaging (MRI); 0 women with or without prior treatment
(surgery or medicine) for endometriosis; [ control study
were women without endometriosis including those with tubal
infertility, male factor infertility, unexplained infertility or
mixed etiology infertility; I the embryo at cleavage stage were
assessed morphologically.

The exclusion criteria included: 0 non-English papers; [
studies without a control group; [ literatures such as conference
abstracts or other personal communication; [1 women with

diseases such as polycystic ovary syndrome (PCOS) and
premature ovarian failure, which may cause damage to embryo;
O women involved with donor or recipient oocytes treatment.

Data Extraction and Quality Assessment
The primary outcome was a high-quality embryo rate. The
secondary outcomes were cleavage rate and embryo formation
rate. After an initial screen of all titles and abstracts retrieved
from the electronic searches, the full texts of all potentially eligible
studies were obtained. Two reviewers respectively scrutinized
these articles to select the papers qualified for aforementioned
inclusion criteria. Disagreements were resolved through
discussions with a third reviewer. Two reviewers independently
extracted the outcome data and study characteristics using a
specifically designed form. These data were examined repeatedly
by both investigators. Discrepancies were resolved by discussion
with consensus.

The assessment of study quality was implemented by two
reviewers based on the Newcastle-Ottawa Quality Assessment
Scale for observational studies. The scale involves eight items
categorized in three domains: selection, comparability, and
outcome, with each item can be awarded a maximum of one
star, except comparability, which can be given up to two
stars. Eventually, results presented as the number of stars
ranging from one to nine. We performed analyses in studies
where embryological outcomes in women with endometriosis
or stage III-IV endometriosis, which were classified according
to the rAFS/ASRM (revised classification of the American
Fertility Society or Revised American Society for Reproductive
Medicine classification of endometriosis), were compared
with those without endometriosis. Additionally, we compared
embryological outcomes between affected ovary and intact
ovary in women with unilateral endometrioma. The systematic
review and meta-analysis were reported in accordance with
the Meta-analysis of Observational Studies in Epidemiology
(MOOSE) statement.

Statistical Analysis

The statistical analysis was performed using Review Manager
version 5.4. Relevant data was abstracted from original papers,
if not presented, then calculated by using matching raw data
provided. For dichotomous variables, results for each indicator
were expressed as risk ratio (RR) with 95% confidence intervals
(CIs). Funnel plots were constructed to assess the publication
bias. Sensitivity analyses were completed in the means of
removing one of included studies at a time from the meta-
analysis and recalculating the combined effect size to evaluate the
effect of every study on the pooled effect size.

The I? were measured to quantify statistical heterogeneity. A
fixed effects model was used when I?> < 50%, while a random
effects model of DerSimonian and Laird was applied if I?
> 50%. A random effects model implied the effects analyzed
among the included studies were not identical but followed
similar distributions.
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Records identified through
database searching
PubMed: n=1293
EMBASE: n=4711
Web of Science: n=4089

Records after duplicates
removed
n=7454

Studies included in this meta-
analysis
n=22

FIGURE 1 | Flow diagram for study selection process.

Records screened Records excluded based on

N=7454 —>> titles and abstracts

B n=7383
Y Full-text articles excluded
Full-text articles assessed for n=49 o

eligibility - Conference abstracts: n=23
n=71 Full texts not available: n=8
Data not extractable: n=16

Expert opinion: n=2

RESULTS

Study Selection and Characteristics

The search strategy retrieved 1,293 citations from PubMed,
4,711 from EMBASE, and 4,089 from Web of Science. The
duplicate studies were removed, after importing all results
into EndNote, leaving 7,454 articles. With regard to duplicate
publication, only the most recent and complete versions were

chosen. A total of 7,383 records were excluded following an
initial screening for the titles and abstracts. After reviewing
full texts of the remaining 71 studies, 49 articles were

excluded for conference abstracts (n = 23), full texts not
available (n = 8), data not extractable (n = 16), and expert
opinion (n = 2). Therefore, a number of 22 publications

were eligible for selection criteria and included in the review
(Figure 1).
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Endometriosis Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Veeck’s criteria
Benaglia 2013 65 184 158 518 3.8% 1.16[0.92, 1.46] ]
Lin 2012 374 864 14803 34378 B8.4% 1.00[0.92,1.08] -1
Mekaru 2013 32 155 53 196 1.9% 0.76[0.52,1.12]
Rajani 2012 141 175 137 179 7.4% 1.05[0.94,1.17] T
Suzuki 2005 545 863 720 1239 B7% 1.09[1.01,1.16] =
Subtotal (95% ClI) 2241 36510 30.1% 1.04 [0.98, 1.11] A
Total events 11467 15871
Heterogeneity: Tau®*= 0.00; Chi*=6.01, df= 4 (P=0.20); F= 33%
Test for overall effect Z=1.35{P=0.18)
1.1.2 Other criteria
Ashrafi 2014 136 237 148 480 53% 1.86 [1.57,2.21] I
Borges 2015 1439 2553 11577 19364 9.5% 0.94 [0.91, 0.98] ==
Boucret 2020 78 744 678 6686 4.1% 1.03[0.83,1.29] -1
Dong 2013 1963 2791 3728 4753 96% 0.90 [0.87,0.92) -
Du 2013 64 188 140 303 3.9% 0.74 [0.58, 0.93] - =
Li 2020 1198 2552 1433 2973 91% 0.97[0.92,1.03] -T
Mao 2009 N 170 97 360 21% 0.68 [0.47,0.97]
Omland 2006 73 180 181 455 4.3% 0.97[0.78,1.19)] T
Reinblatt 2011 114 241 131 39 49% 1.15[0.96, 1.39] T
Sharma 2020 922 1245 1404 1822 9.4% 0.96 [0.92, 1.00] ™
Yland 2020 20 64 111 242 1.9% 0.68 [0.46, 1.00]
Yovich 1988 96 136 93 132 58% 1.00[0.86,1.17] S
Subtotal (95% CI) 11111 37889 69.9% 0.99 [0.92, 1.06] &
Total events 6134 19721
Heterogeneity: Tau®= 0.01; Chi*= 89.66, df= 11 (P < 0.00001); F= 88%
Test for overall effect Z=0.38 (P=0.71)
Total (95% CI) 13352 74399 100.0% 1.00 [0.94, 1.06] <&
Total events 7291 35692
Heterogeneity: Tau®= 0.01; Chi*=115.12, df= 16 (P =< 0.00001); F= 86% 055 0’? 1=5 2
Test for overall effect: Z= 0.07 (P = 0.95) : : " ;
Testfor subaroun differences: Chi*= 1.40. df=1 (P = 0.24). = 28.4% FHBIECAUARTIRIE, Sbi DG
FIGURE 2 | Forest plot of high-quality embryo rate for endometriosis vs. control.

With regard to the study design, all the included studies
were observational studies, and 22 were cohort studies (six
prospective, 14 retrospective). Of these included studies, the
study groups contained endometriosis (n = 17), stage III-IV
endometriosis (n = 12), and unilateral endometrioma (n = 3).
The diagnosis of endometriosis was based on laparoscopy
(n 13), histology (n = 2), and ultrasound (n 8). In
22 of the included studies, the stage of endometriosis was
performed on the basis of the rAFS/ASRM. Studies evaluated
the embryo quality in women with endometriosis or stage III-
IV endometriosis and included various control groups: tubal
infertility (n = 9), male factor infertility (n = 6), unexplained
infertility (n = 1), and mixed etiology infertility (n = 5). The
control groups were drawn from the same community or hospital
as the study groups. The detailed characteristics of the included
studies are presented in Supplementary Table 1.

Quality Assessment of Included Studies

The majority of included studies (n = 12) were awarded eight
stars, two studies were awarded nine stars, six studies were
awarded seven stars, and only two studies scored six stars.
The Newcastle-Ottawa Quality Assessment Scale is shown in
Supplementary Table 2.

Synthesis of Results

Compared with the control group, women with endometriosis
had a similar high-quality embryo rate (RR = 1.00; 95% CI, 0.94-
1.06) (Figure 2). No differences were found in cleavage rate (RR
= 1.00; 95% CI, 0.97-1.02) and embryo formation rate (RR =
1.10; 95% CI, 0.97-1.24) (Figure 3). In women with stage III-IV
endometriosis, there was no statistically significantly difference
in high-quality embryo rate (RR = 1.02; 95% CI, 0.94-1.10),
compared with those without endometriosis. Other indicators
such as cleavage rate (RR = 1.00; 95% CI, 0.98-1.02) and
embryo formation rate (RR = 1.05; 95% CI, 0.97-1.14) were also
comparable between both groups (Figure 4). For women with
unilateral endometrioma, pooling of results from the affected
ovaries did not show a statistically significantly difference in
high-quality embryo rate (RR = 0.99; 95% CI, 0.60-1.63) in
comparison to the normal contralateral ovaries (Figure 5).

DISCUSSION
Main Findings

We found no statistically significantly differences in high-
quality embryo rate, cleavage rate, and embryo formation rate
in women with endometriosis compared with those without
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Endometriosis Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H. Random. 95% ClI M-H, Random, 95% CI

1.2.1 cleavage rate

Bergendal 1998 377 390 735 833 77% 1.10[1.06,1.13] -

Boucret 2020 530 744 4573 BBBE  7.0% 1.04 [0.99, 1.08] T

Bukulmez 2001 248 366 2859 4386 5.9% 1.04[0.97,1.12) I

Du 2013 164 188 297 303 B7% 0.89[0.84, 0.94] -

Li 2020 2477 2552 2801 2973  81% 0.99 [0.99, 1.00] N

Lin 2012 855 864 33970 34378 8.2% 1.00[0.99, 1.01) T

Mao 2009 143 170 332 360  6.0% 0.91 [0.85, 0.98] =

Norenstedt 2001 21 237 700 725  71% 0.921[0.88, 0.97) =

Omland 2006 168 176 391 422 7.3% 1.03[0.99,1.07) T

Subtotal (95% CI) 5687 51066 63.9% 1.00[0.97, 1.02] L 2

Total events 5173 46758

Heterogeneity: Tau®= 0.00; Chi*= 76.18, df= 8 (P < 0.00001); = 89%

Test for averall effect: Z=0.26 (P = 0.79)

1.2.2 embryo formation rate

Ashrafi 2014 173 237 283 480 4.5% 1.24[1.11,1.38) D

Boucret 2020 605 744 4161 6BBBE  7.4% 1.31[1.26, 1.36) ==

Li 2020 1346 2552 1645 2973  T7.0% 0.95[0.91,1.00) —]

Mao 2009 163 170 333 360 7.2% 1.04 [0.99, 1.08] T

Mathieu D'Argent 2010 137 177 722 1018 5.3% 1.09[1.00,1.19] IR

Yovich 1988 116 136 110 132 47% 1.02[0.92,1.14) I

Subtotal (95% CI) 4016 11649  36.1% 1.10[0.97, 1.24] regiER—

Total events 2540 7254

Heterogeneity: Tau®=0.02; Chi*=125.10, df= 5 (P = 0.00001); F= 96%

Testfor overall effect Z=1.54 (P=0.12)

Total (95% CI) 9703 62715 100.0% 1.03[1.00, 1.07] >

Total events 7713 54012

Heterogeneity: Tau®= 0.00; Chi*= 345.10, df= 14 (P < 0.00001); F= 96% 0=7 a =85 1*2 1 5

Test for averall effect: Z=1.68 (P = 0.09) ’ ) S ) -y ’

Test for subaroun differences: Chi*=2.45. df=1 (P=012). F=59.2% Pavaurs [expRrimenial] Favours [eonrl

FIGURE 3 | Forest plot of cleavage rate and embryo formation rate for endometriosis vs. control.

endometriosis. Moreover, the aforementioned indicators were
comparable between women with severe endometriosis (stage
III-IV) and those without endometriosis. In addition, results
from both affected ovaries and intact ovaries were similar.

Strengths and Limitations

To our knowledge, no previous systematic review and meta-
analysis concerning the association between endometriosis and
embryo quality is as large scale, up to date, and comprehensive.
A prior meta-analysis by Yang et al. have reported a lower
number of total embryos formed and a similar number of
good-quality embryos between women with endometrioma and
control group. They also have made comparisons between ovaries
affected and normal contralateral ovaries; no difference was
shown in the number of total embryos formed (12). However,
the results need to be interpreted with caution due to only
two included studies and the two observed indicators, which
were not recommended by the Vienna consensus (13). There
are also some limitations to be noted in this review. First,
we only included published English studies, thus non-English
studies as well as conference abstracts were excluded, which
may result in selection bias. Second, some issues remain in both
comparison groups. The concordance among control groups
is not satisfactory because the causes of infertility in control
group vary between tubal and male factor, even several studies

just including non-endometriosis women not limiting to specific
etiologies. It is also worth noting that these etiologies may have an
adverse influence on embryo quality respectively or collectively
(14). The same is true in endometriosis groups, in which whether
to receive treatment or not and which therapeutic modality was
performed are not well-controlled. Suzuki et al. reported that
their data indicated the negative effect of endometriosis could
be compromised by laparoscopic treatment (15). Finally, so far,
no consensus on embryo morphological assessment has been
applied worldwide, albeit embryologists are dedicated to selecting
embryos for transfer based on morphological features. This is
a major disadvantage because the differences in the criteria for
evaluating embryo quality may compromise the homogeneity
between included studies. Nevertheless, the majority of embryo
grading systems existing mainly take into consideration the
following indexes: the number and symmetry of blastomeres, the
relative degrees of fragmentation, and the presence or absence
of multinucleation (16), which, to some extent, could reduce the
heterogeneity of interstudies.

Interpretation and Implication

Currently, it is extremely difficult to draw a definite conclusion
on the association between endometriosis and embryo quality,
with results controversial. A number of studies have suggested
that endometriosis has a detrimental impact on embryo quality
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Test for overall effect: Z=0.06 (P = 0.96)

FIGURE 5 | Forest plot of high-quality embryo rate for affected ovaries vs. unaffected ovaries.

Stage llI-IV endometriosis Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
2.1.1 high-quality embryo rate
Ashrafi 2014 136 173 148 283 3.0% 1.50[1.31,1.72)]
Benaglia 2013 65 88 158 223 26% 1.04[0.90,1.21] =
Boucret 2020 45 306 678 4651 0.9% 1.01[0.76,1.33]
Dong 2013 1089 1568 3728 4753 B8.8% 0.89 [0.86, 0.93] -
Li 2020 1198 2552 1433 2973 7.3% 0.97 [0.92,1.03] -T
Lin 2012 216 501 14903 34378  4.4% 0.99[0.90,1.10] G
Mao 2009 K 163 97 333 06% 0.65[0.46, 0.93]
Reinblatt 2011 114 241 131 319 1.9% 1.15[0.96, 1.39] T
Sharma 2020 922 1245 1404 1822 B84% 0.96 [0.92, 1.00] -
Suzuki 2005 183 273 720 1239 47% 1.15[1.05,1.27)] -
Yland 2020 20 64 111 242 05% 0.68 [0.46, 1.00]
Yovich 1988 96 136 93 132 2.5% 1.00[0.86,1.17] N
Subtotal (95% Cl) 7310 51348  45.7% 1.02[0.94, 1.10] >
Total events 4125 23604
Heterogeneity: Tau®= 0.01; Chi*=85.14, df=11 (P < 0.00001); F= 87%
Test for overall effect: Z= 0.46 (P = 0.65)
2.1.2 cleavage rate
Bukulmez 2001 89 131 2859 4386 36% 1.04[0982,1.17] -
Li 2020 1929 1986 2801 2973 101% 1.00[0.99,1.00] 9
Lin 2012 498 501 33970 34378 10.2% 1.01[1.00,1.01]
Mao 2009 143 170 332 360 6.2% 0.91 [0.85, 0.98] —
Subtotal (95% CI) 2788 42097 30.0% 1.00 [0.98, 1.02] 4
Total events 2659 40062
Heterogeneity: Tau®= 0.00; Chi*= 15.08, df= 3 (P = 0.002); F=80%
Testfor overall effect. Z=0.42 (P=0.67)
2.1.3 embryo formation rate
Ashrafi 2014 173 237 283 480 41% 1.241.11,1.38] I
Li 2020 1064 1986 1645 2973 76% 0.87[0.92,1.02] -7
Mao 2009 163 170 333 360 8.3% 1.04 [0.99,1.08] .
Yovich 1988 116 136 110 132 43% 1.02[0.92,1.14] -
Subtotal (95% Cl) 2529 3945 24.3% 1.05[0.97, 1.14]
Total events 1516 2371
Heterogeneity: Tau®= 0.01; Chi*=18.17, df= 3 (P = 0.0004); F= 83%
Test for overall effect Z=1.19 (P=10.23)
Total (95% CI) 12627 97390 100.0% 1.01[0.98, 1.04]
Total events 8300 66037
Heterogeneity: Tau®= 0.00; Chi*= 173.47, df= 19 (P < 0.00001); F= 83% 0=5 u’r ] 1=5 2
Test for overall effect: Z= 0.66 (P = 0.51) . - :
Test for subaroun differences: Chi*=1.80.df=2(P=041.F=0% Fresupviexperimantall Favaurs [antel

FIGURE 4 | Forest plot of high-quality embryo rate, cleavage rate, and embryo formation rate for stage Ill-IV endometriosis vs. control.

Affected ovaries  Unaffected ovaries Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ashrafi 2014 37 76 59 87 416% 0.72[0.55, 0.94]
Filippi 2014 28 58 22 66 351% 1.451[0.94, 2.23]
Yland 2020 8 26 12 38 233% 0.97 [0.46, 2.05)
Total (95% CI) 160 191 100.0% 0.99 [0.60, 1.63]
Total events 73 93

it 2 — . iR = - - IR = : : T : :

Heterogeneity: Tau*=0.14;, Chi*=7.45,df=2 (P=0.02); F=73% 07 0% ] 3 :

Favours [experimental] Favours [control]

(17-20), while some studies are unable to demonstrate the
relationship between the two (9, 10, 15, 21). Lin et al
showed a lower high-quality embryo rate in an endometriosis
group including 177 women compared with the control group
comprising the remaining 4,267 women with any factors other
than endometriosis through collecting information from the

electronic records between January 2006 and December 2010
in their hospital (19). Further studies observed elevated levels
of inflammatory cytokines in both follicular and peritoneal
fluid, such as interleukin-6 (IL-6), IL-8, and tumor necrosis
factors (22, 23). The alteration of the follicular and peritoneal
microenvironment may not be conducive to the development
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and maturation of oocytes, and subsequently, may potentially
affect embryo development (24).

Our results do not seem to support the adverse effect
of endometriosis on embryo quality. These following reasons
could account for our findings. A successful pregnancy
requires not only high-quality embryos but also a receptive
endometrium. Emerging evidences indicate that inflammation
plays a vital role in the pathogenic mechanisms of endometriosis
(25). Endometriosis induces a series of local and systemic
inflammatory responses, and these disordered inflammatory
cytokines subsequently interfere with normal endometrial
function through complex signal pathways, eventually, leading
to less-receptive endometrium for embryo implantation (26).
Another reason, namely, the limitations of conventional
embryos morphological assessment, is also of great importance.
The common indicators of embryo morphological evaluation
may not reflect the intrinsic changes of embryos retrieved
from women with endometriosis well; that is, the effect
of endometriosis on embryos may not be presented as
the altered morphology (27). Consequently, it is possible
that grading embryos in light of morphological features
is imprecise (28). Remarkably, in this review, a higher
yet not statistically significant high-quality embryo rate was
observed in the endometriosis group than the control group
according to VeecK’s criteria. An embryo scoring scheme, which
considers various factors not limiting to morphological features,
is required.

CONCLUSIONS

Our results indicate that endometriosis does not compromise
embryo quality from the perspective of morphology. The
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