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ABSTRACT

Background: To quantitatively evaluate the effect of coenzyme Q10 (CoQ10) pretreatment on
outcomes of IVF or ICSI in women with diminished ovarian reserve (DOR) based on the existing
randomized controlled trials (RCTs).

Methods: Nine databases were comprehensively searched from database inception to November
01, 2023, to identify eligible RCTs. Reproductive outcomes of interest consisted of three primary
outcomes and six secondary outcomes. The sensitivity analysis was adopted to verify the
robustness of pooled results.

Results: There were six RCTs in total, which collectively involved 1529 participants with DOR
receiving infertility treatment with IVF/ICSI. The review of available evidence suggested that
CoQ10 pretreatment was significantly correlated with elevated clinical pregnancy rate (OR = 1.84,
95%Cl [1.33, 2.53], p=0.0002), number of optimal embryos (OR = 0.59, 95%Cl [0.21, 0.96],
p=0.002), number of oocytes retrieved (MD = 1.30, 95%Cl [1.21, 1.40], p<0.00001), and E, levels
on the day of hCG (SMD = 0.37, 95%Cl [0.07, 0.66], p=0.01), along with a reduction in cycle
cancellation rate (OR = 0.60, 95%CI [0.44, 0.83], p=0.002), miscarriage rate (OR = 0.38, 95%Cl
[0.15, 0.98], p=0.05), total days of Gn applied (MD=-0.89, 95%Cl [-1.37, —0.41], p=0.0003), and
total dose of Gn used (MD=-330.44, 95%Cl| [-373.93, —286.96], p<0.00001). The sensitivity
analysis indicated that our pooled results were robust.

Conclusions: These findings suggested that CoQ10 pretreatment is an effective intervention in
improving IVF/ICSI outcomes for women with DOR. Still, this meta-analysis included relatively
limited sample sizes with poor descriptions of their methodologies. Rigorously conducted trials
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are needed in the future.

Introduction

Infertility is a severe health concern affecting one in
eight reproductive age women, translating to an esti-
mated 12.7% of the women population in the US [1].
The incidence of infertility was 25% in China, and the
number of infertility cases increased substantially with
age [2]. The causes of female infertility are highly com-
plex, including diminished ovarian reserve (DOR), ovu-
lation disorders, tubal diseases, endometriosis, and so
forth [1, 3]. Notably, DOR, one of the highest frequency
of known factors contributing to female infertility, is
characterized by a decrease in the quantity and qual-
ity of oocytes, accompanied by an increase in follicle
stimulation hormone (FSH) as well as a decrease in
antral follicle count (AFC) and anti-mullerian hormone

(AMH) [4]. Indeed, 19% to 26% of women undergoing
assisted reproductive technology (ART) were diag-
nosed with DOR [5]. Moreover, there was considerable
evidence demonstrating that women with DOR have
poor reproductive outcomes, such as reduced euploid
rates, lower probability of pregnancy, higher incidence
of cycle cancellation rate and poor ovarian response
during in-vitro fertilization (IVF) [4, 6-8]. Thereby, DOR
is one of the serious clinical challenging problems for
IVF specialists.

However, although diverse ovarian stimulation pro-
tocols have been explored to ameliorate the outcomes
of IVF for women with DOR, including progestin-primed
ovarian stimulation (PPOS) protocols, minimal stimula-
tion protocols, gonadotropin-releasing hormone (GnRH)
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antagonist protocols, short GnRH agonist protocols,
and long GnRH agonist protocols, most of them often
generate unsatisfying results. For example, the PPOS
protocols introduced to clinical practice several years
ago had been proved that it lacked sufficient effects
on increasing the number of oocytes retrieved, live
birth rate, cleavage rate, fertilization rate, and E, levels
on the day of hCG, but also rose the total dose of
gonadotropin (Gn) applied, which was considered as a
potential threat of ovarian hyperstimulation syndrome
(OHSS) [9]. Besides, GnRH antagonist protocols in IVF
cycles might be correlated with thinner endometrium,
fewer oocytes retrieved, and lower E, levels compared
to GnRH agonist protocols [10]. Simultaneously, GnRH
antagonist protocol had negative effects on endome-
trial receptivity since it could increase uterine tumour
necrosis factor a (TNF-a) as well as natural killer cells
in IVF cycles [11]. Moreover, a meta-analysis involving
3872 women suggested that 9% of women receiving
short GnRH agonist protocols experienced cycle can-
cellation, while 5.5% and 14% of female also suffered
from that with the use of long protocol [12]. Hence,
over the past few years, pretreatment approaches
before ovarian stimulation have attracted lots of
clinicians.

Coenzyme Q10 (CoQ10), the third most consumed
nutritional supplement, has strong antioxidant and
pro-oxidant activity [13]. Therefore, insufficient CoQ10
levels are associated with increased oxidative stress,
mitochondrial damage, lower reactive oxygen species
(ROS) counteraction, less adenosine triphosphate (ATP)
synthesis, and subsequent mitochondrial dysfunction
[14]. In infertility treatments, CoQ10 supplementation
may significantly ameliorate women’s oocyte quality,
and alter ovarian environment, along with promote
oocyte development by enhancing mitochondrial
function and decreasing oxidative stress [14]. Recently,
a prospective, randomized controlled trial (RCT)
reported that women with DOR undergoing
IVF-intracytoplasmic sperm injection (ICSI) achieved
more high-quality embryos, higher fertilization rate,
and increased number of retrieved oocytes with CoQ10
pretreatment [15]. In addition, a retrospective study
enrolling 797 cycles indicated that the combined pre-
treatment of CoQ10 and dehydroepiandrosterone
(DHEA) in women with DOR resulted in more follicles
and lower dose of Gn applied, but it didn't improve
the total number of embryos developed, the number
of fertilization and retrieved oocytes compared with
DHEA alone [16]. Given the fact that the inconsistent
conclusions from previous studies might be evaluated
insufficiently since their results were derived from a
single center study, and their sample sizes were

relatively small. Therefore, we conducted this
meta-analysis to quantitatively summarize the avail-
able evidence and provide an evidence-based refer-
ence. The study’s specific concern was as follows: Does
CoQ10 pretreatment ameliorate the reproductive out-
comes in women with DOR undergoing IVF or ICSI?

Materials and methods

This study (PROSPERO registration No. CRD42023468370)
was conducted following the preferred reporting pro-
gram of the systematic review and meta-analysis
(PRISMA) [171.

Search strategy

A thorough search of the following nine databases
from their inception to November 01, 2023, was per-
formed: Scopus, PubMed, Cochrane Library, Web of
Science, Sinomed, EBSCO, Wanfang, VIP Information,
and China National Knowledge Infrastructure (CNKI).
The search strategy consisted of three components:
clinical condition (decreased ovarian reserve, declined
ovarian reserve, low ovarian reserve, and diminished
ovarian reserve); intervention (IVF, ICSI, and assisted
reproduction technology), and study type (randomized
clinical trial). All records were limited to Chinese and
English languages. Two independent researchers (G.Y.L
and X.L.L) checked all retrieved documents for eligibil-
ity by examining the titles, abstracts, and full texts of
all relevant articles. In addition, reference lists of
included records were also evaluated manually to
identify additional studies as much as possible. Any
discrepancies were addressed by the corresponding
author (LW.X) if necessary.

Inclusion and exclusion criteria

Inclusion criteria were as follows: |, women diagnosed
with DOR(AFC < 5~7 or FSH = 10IU/L or AMH <
1.1ng/mL) [18]; I, participants used CoQ10 pretreat-
ment as intervention regardless of treatment duration;
Ill, women underwent IVF or ICSI; IV, study was an RCT;
V, study provided the diagnostic criteria for DOR and
reported reproductive outcomes with sufficient data. If
CoQ10 was utilized as a pretreatment in IVF or ICSI
and the same concomitant treatment (e.g. Vitamin E,
and Femoston) as the trial group was adopted by the
control group, the records would be included as well.

The exclusion criteria were: |, participants incorpo-
rated with abnormal endometrium, reproductive
tumors, intrauterine adhesion, polycystic ovary syn-
drome (PCOS), chromosomal abnormalities, and



uterine malformation; Il, meta-analyses, duplicate pub-
lications, reviews, animal experiments, and case reports;
lll, study not reported in English or Chinese.

Data extraction and quality assessment

Data were extracted from included articles by two inde-
pendent researchers (G.Y.L. and X.L.L) using standard-
ized forms. The characteristics of these records that
potentially correlated with the outcomes were recorded
as follows: methodological features, first author, publica-
tion year, population baseline characteristics, details of
the pretreatment strategy, protocol of control ovarian
stimulation, and outcomes in each group. Two indepen-
dent reviewers (G.Y.L. and X.LL.) stringently evaluated
the risk of bias in the included studies with the help of
the Cochrane Collaboration Handbook (http://handbook.
cochrane.org). Each study was defined as “unclear’,
“high”, or “low” risk of bias within each domain.
Disagreements were resolved by seeking an opinion
from the corresponding author (L.W.X).

The primary outcome measures were clinical preg-
nancy rate (definitive clinical signs of pregnancy or a
pregnancy examined by ultrasonography visualization
of one or more gestational sacs [19]), the number of
optimal embryos (the number of blastomeres > 6,
even symmetry in shape, and the rate of fragmenta-
tion < 20% in day 3 [20]), and cycle cancellation rate.

The secondary outcomes were miscarriage rate (the
spontaneous loss of a pregnancy before 20weeks of
gestation), the number of oocytes retrieved, E, levels
on the day of hCG, endometrial thickness on the day
of hCG, total days of Gn applied, and total dose of Gn
applied.

Statistical analysis

Statistical analyses were carried out using Revman
software 5.3. Dichotomous variables were estimated
with odds ratios (ORs) and corresponding 95% confi-
dence intervals (Cls). Continuous results were assessed
with mean difference (MD) or standardized mean dif-
ferences (SMDs) with 95% Cls. Heterogeneity among
studies was measured with the |2 statistic. 1> = 0%
revealed no heterogeneity and the fixed effect model
was carried out. Otherwise, the appropriate random
effect model was performed [21]. p value < 0.05 illus-
trated a beneficial effect of CoQ10 pretreatment on
reproductive outcomes compared to the control group.
Further, the sensitivity analysis was also implemented
to verify the robustness of the pooled results via omit-
ting individual studies.
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Results
Included articles

This meta-analysis retrieved 184 potentially relevant
records. By removing duplicates, 54 articles were
included. After screening the title and abstract, 47
were excluded since they did not meet the inclusion
criteria. Then, after full-text assessment, one publica-
tion was removed because it did not state the diag-
nostic criteria of DOR [16]. Eventually, six RCTs were
included in the meta-analysis for quantitative synthesis
(Figure 1).

Study characteristics

In total, 1529 women with DOR undergoing IVF/ICSI
from six studies were randomized, of which 761 were
allocated to the CoQ10 pretreatment group and 768
to the control group. All included studies were con-
ducted in China and published between 2017 and
2023. The sample sizes in each study ranged from 50
to 900. Four studies reported full baseline characteris-
tics (e.g. age, duration of infertility, and BMI) of the
participants in both groups [15, 22-24]. Two studies
compared the value of CoQ10 plus DHEA with DHEA
[23, 25]; one study compared the effects of CoQ10
plus femoston with femoston [26]; two studies com-
pared the effects of CoQ10 plus Vitamin E with Vitamin
E [22, 24]; and one study compared the effects of
CoQ10 with no treatment [15]. Besides, in women
with DOR, the ovarian stimulation protocol varied
between GnRH antagonist protocol and PPOS proto-
col. With respect to the duration of pretreatment, five
records [22-25] applied CoQ10 combined with Vitamin
E, DHEA or femoston for three months before receiv-
ing ovarian stimulation, and one study [15] used
CoQ10 alone for 60days (Table 1).

Risk of bias

In evaluating the risk of bias of the evidence, we com-
pletely followed the instructions of the Cochrane
Collaboration Handbook. First, five articles clearly
stated how participants were randomized, thus they
were rated as a low risk in the domain of random
sequence generation. Still, one study was judged as an
unclear risk in this field since they didn't report how
random sequence was generated. Second, all included
studies failed to provide the details on the allocation
concealment, which was considered as an unclear risk
in relation to this field. Third, six studies didn’t adopt
blinding methods thoroughout their studies, thereby
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Records identified (n = 184):
Sinomed (n = 13), EBSCO (n = 22),
PubMed (n = 27), Scopus (n = 20),
CNKI (n = 16), Wanfang (n = 21),

Web of Science (n = 33), VIP (n=19)
Cochrane Library (n = 13)

Additional records identified through
other sources (n = 0)

( Screening )

(n=54)

Records after duplicates removed

Excluded records (n = 47):
Reviews, Animal experiments,

Record: d(n=54 —
reqrisisocsensd (n ) Case report, Meta-analysis,
Not relevant to this topic
L 4
G _ Excluded records (n = 1):
Srndies ingtaded ip=T Didn't report the diagnostic criteria of DOR

(n=6)

Studies included in synthesis

( Included ) ( Eligibility ) (Identiﬁcation)

Figure 1. Flow diagram of study selection.

leading to a high risk rating. Fourth, selective report-
ing and other potential biases were not detected
across studies, and thus it was rated as low risk
(Figure 2).

Primary outcome measurements

The forest plot of intervention effects on IVF/ICSI out-
comes suggested that CoQ10 pretreatment was effica-
cious in improving clinical pregnancy rate (OR = 1.84,
95%Cl [1.33, 2.53], p=0.0002, 1> = 29%) (Figure 3A).
The sensitivity analysis suggested that the results
were robust.

Furthermore, with respect to the number of optimal
embryos, after removing one study [22] via sensitivity
analysis, the heterogeneity reduced from 91% to 64%.
The pooled results demonstrated that pretreatment
with CoQ10 was significantly associated with higher
number of optimal embryos compared to control
group (MD = 0.59, 95%Cl [0.21, 0.96], p=0.002, I?> =
64%) (Figure 3B).

In addition, four studies reported the cycle cancel-
lation rate. The pooled results proved that participants
with DOR undergoing IVF/ICSI with CoQ10 pretreat-
ment had lower cycle cancellation rate (OR = 0.60,
95%Cl [0.44, 0.83], p=0.002, I> = 0%) (Figure 3C) than
women in the control group. The sensitivity analyses
illustrated that there was no individual study impact-
ing the pooled estimates.

The results above are generalized in Table 2.

Secondary outcome measurements

Three studies recorded miscarriage rate, and the
pooled results implied that CoQ10 pretreatment had
lower miscarriage rate (OR = 0.38, 95%CI [0.15, 0.98],
p=0.05, > = 0%) (Figure 4A).

Besides, four studies investigated the number of
oocytes retrieved. After omitting one study [22] by
sensitivity analysis, the heterogeneity diminished from
96% to 0%. Subsequently, the pooled result from three
studies comprising 330 participants revealed a
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remarkable increase in the number of oocytes retrieved
with CoQ10 pretreatment (MD = 1.30, 95%CI [1.21,
1.40], p<0.00001, I> = 0%) (Figure 4B).

Two studies measured the effects of CoQ10 pre-
treatment on the E, levels on the day of hCG. A statis-
tically significant effect of pretreatment with CoQ10 on
the E, levels on the day of hCG was observed (SMD =
0.37, 95%Cl [0.07, 0.66], p=0.01, I> = 0%) (Figure 4C).

A total of three studies involving 349 participants
examined the impact of CoQ10 pretreatment on endo-
metrial thickness on the day of hCG. The results of this
analysis illustrated that the endometrial thickness
wasn’t improved in the CoQ10 group relative to the
control group (SMD = 0.53, 95%ClI [-0.23, 1.29], p=0.17,
12 = 91%) (Figure 4D).

Moreover, five studies evaluated the total days of
Gn applied. After excluding one study [25] according
to sensitivity analysis, the heterogeneity reduced from
77% to 47%. It was noteworthy that CoQ10 pretreat-
ment had a beneficial effect on shortening the total
days of Gn application (MD=-0.89, 95%Cl [-1.37,
—0.41], p=0.0003, I? = 47%) (Figure 4E).

Additionally, the results based on five RCTs revealed
that CoQ10 pretreatment was closely correlated with a
reduction in the total dose of Gn applied (MD=-330.44,
95%Cl [-373.93, —-286.96], p<0.00001, 1> = 28%)
(Figure 4F).

The overall results above are summarized in Table 2.

Discussion

CoQ10 pretreatment before ovarian stimulation has
been recognized as a beneficial strategy for ameliorat-
ing the outcomes of IVF/ICSI in infertile women [27, 28].
The therapeutic mechanisms of CoQ10 in the reproduc-
tive field are rather sophisticated. A growing body of
studies proved that CoQ10 could promote embryo
development and increase the rates of fertilization by
improving the mRNA expression of FSHR and PCNA and
reducing ROS levels in the ovary [29]. Besides, the
expression of apoptosis-related genes Caspase 3, Bax,
HSD11B1, and FKBP5 in oocytes could be significantly
decreased with the help of CoQ10 supplementation,
which was closely associated with the developmental
competence of an embryo [30, 31]. A recent study
based on network pharmacology indicated that CoQ10
might exert its oocyte quality improving influence
through multiple mechanisms, including FoxO, IL-1,
MAPK, and Jak-STAT signaling pathways [32].
Furthermore, another study also found that CoQ10 con-
tributed to improving fertility and oocyte aging resis-
tance by restoring chromosome alignment, mitochondrial
distribution, and spindle formation, together with
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Figure 3. Forest plot of studies evaluating clinical pregnancy rate (A); the number of optimal embryos (B); cycle cancellation

rate (C).

increasing the expression of Sod1, Smarca2, Sdha, and
Nduf3 in oocytes [33]. Moreover, some investigations
also found that CoQ10 could significantly reduce spon-
taneous abortion via declining the levels of ROS, IFN-y,
TNF-q, and altering T cell subpopulation ratios in periph-
eral blood [34]. Notably, a recent study suggested that
chromosome segregation defects at early embryogene-
sis and chromosome morphology during diakinesis

could be rescued with CoQ10 supplementation via
modifying the levels of DSB formation and improving
DNA damage in oocytes and embryos [35]. Further elu-
cidation is needed to clarify the underlying mechanisms
by which CoQ10 contributes to infertility correlated
with DOR.

This meta-analysis provides some findings that
CoQ10 administration before an ART cycle was



Table 2. The pooled results of forest plot for clinical

outcomes.

Clinical OR/SMD/MD

outcomes Participants (n) 95% Cl p I (%) Model

Clinical 1447 1.84 [1.33, 0.0002 29 Random
pregnancy 2.53]
rate

The number 266 0.59 [0.21, 0.002 64 Random
optimal 0.96]
embryos

Cycle 1393 0.60 [0.44, 0.002 0  Fixed
cancellation 0.83]
rate

Miscarriage 145 0.38 [0.15, 0.05 0  Fixed
rate 0.98]

The number of 330 130 [1.21, < 0.00001 O Fixed
oocytes 1.40]
retrieved

E, levels on the 180 0.37 [0.07, 0.01 0  Fixed
day of hCG 0.66]

Endometrial 349 0.53 [-0.23, 0.17 91  Random
thickness on 1.29]
the day of
hCG

Total days of 1166 -0.89 [-1.37, 0.0003 47 Random
Gn used -0.41]

Total dose of 1360 —-330.44 < 0.000017 28 Random
Gn used [-373.93,

—286.96]

associated with an increase in clinical pregnancy rate,
the number of oocytes retrieved, and the number of
optimal embryos, along with a decrease in cycle can-
cellation rate, which is the most vital concern for infer-
tile women undergoing ART. Moreover, CoQ10
pretreatment was more beneficial in ameliorating the
E, levels on the day of hCG, which might be an effec-
tive therapeutic choice for women with low E, levels
during ovarian stimulation. Besides, mounting research
had found that women with DOR have a higher risk of
miscarriage, which remains an ongoing clinical chal-
lenge in the reproductive field [36, 37]. In this
meta-analysis, we found that oral administration of
CoQ10 before ART resulted in a significant reduction
in miscarriage rate when compared with control or
no-treatment groups. Meanwhile, the incidence of
OHSS, one of the serious complications during ovarian
stimulation, was positively correlated with the dosage
of Gn applied [38, 39]. Therefore, clinicians always
strive to lower the risk of OHSS as much as possible.
Our study demonstrated that the total days and total
dose of Gn used in women with DOR undergoing IVF/
ICSI could be remarkably reduced with the help of
CoQ10 pretreatment. Notably, although the dosage of
Gn was reduced, the outcomes of IVF/ICSI weren't low-
ered. Briefly, we consider CoQ10 pretreatment to be a
valuable option for women with DOR, based on the
pooled evidence above. Additionally, other nutraceuti-
cal supplementation such as inositols, alpha-lipoic acid,
vitamin D, and metformin have also been proved in
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improving ovarian reserve and infertility via recovering
metabolic disturbances as well as modulating endo-
crine parameters [40-44]. Hence, it definitely throws
light on exploring the clinical value between nutraceu-
tical supplementation and the outcomes of ART in
the future.

A previous meta-analysis [45] focusing on CoQ10 for
women undergoing ART suggested that CoQ10 supple-
mentation is beneficial in ameliorating clinical pregnancy
rate for infertile patients with PCOS or poor ovarian
response (POR). While there were some differences
between their study and this meta-analysis: First, the
prior study without a registered protocol solely searched
three databases before 2020 and included five studies
with 449 participants, while our meta-analysis compre-
hensively screened nine databases based on our regis-
tered protocol and yielded six RCTs involving 1529
women. Second, the previous study only qualitatively
evaluated limited outcomes such as live birth rate, clini-
cal pregnancy rate, and miscarriage rate. Whereas we
investigated three kinds of primary outcomes (clinical
pregnancy rate, the number of optimal embryos, and
cycle cancellation rate) and six kinds of secondary out-
comes (miscarriage rate, the number of oocytes retrieved,
E, levels on the day of hCG, endometrial thickness on
the day of hCG, total days of Gn applied, and total dose
of Gn applied). Third, the former meta-analysis seemed
hard to reflect the actual effects of CoQ10 in women
undergoing ART, as their results drew from a mix of par-
ticipants of POR and PCOS. Nevertheless, this
meta-analysis only included participants with DOR
receiving CoQ10 treatment before IVF/ICSI, which might
provide a more specific reflection on the effects of
CoQ10 pretreatment in this unique population.

Yet, this study has several limitations. First, the six
studies were conducted in China, although we didn’t
restrict our search scale to one region. For example, a
potential study [16] exploring the value of CoQ10 in
women with DOR undergoing IVF in Canada was
excluded due to the lack of detailed reporting of diag-
nostic criteria, which met one of the exclusion criteria
of this meta-analysis. Second, two included studies
with skewed distributions outcomes adopted median
(25th - 75th percentiles) for statistical analysis, and
therefore we were unable to pool their related vari-
ables into this analysis. Third, we failed to estimate the
publication bias based on Begg’s and Egger’s tests
since there were less than ten studies included. But, all
results of this meta-analysis were robust after being
verified through sensitivity analysis. Fourth, although
two pooled results had high heterogeneity (64% and
91%), we failed to conduct a subgroup analysis to
explore the sources of heterogeneity, because only
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Trial group  Control group Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Tang 2022 6 47 5 20 46.4% 0.44[0.12, 1.65] —a

Xia 2023 2 26 4 13 37.3% 0.19 [0.03, 1.21] —

Xu 2018 2 23 2 16 16.3% 0.67 [0.08, 5.30] e

Total (95% CI) 96 49 100.0%  0.38 [0.15, 0.98] e

Total events 10 11

Heterogeneity: Chi? = 0.88, df = 2 (P = 0.64); I = 0% I t t {

Test for overall effect: Z = 2.00 (P = 0.05) 0.01 0.1 10 100
B Trial group Control group Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI

Liang 2019 5.29 2.17 43 3.76 1.38 43 1.6% 1.53[0.76, 2.30]

Tang 2022 51 04 102 3.8 0.3 92 97.8% 1.30[1.20, 1.40] .

Zou 2017 54 25 25 4 2.2 25 0.6% 1.40[0.09, 2.71]

Total (95% CI) 170 160 100.0% 1.30 [1.21, 1.40] ¢

Heterogeneity: Chi? = 0.36, df = 2 (P = 0.84); I = 0% _12 _?1 5 'i é

Test for overall effect: Z = 26.13 (P < 0.00001)

C Trial group Control group Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Xia 2023 5,883.74 3,852.89 65 4,614.77 2,734.78 65 72.2% 0.38[0.03, 0.72] ——
Zou 2017 10,324.6 6,897.7 25 7,978.3 6,845.6 25 27.8% 0.34 [-0.22, 0.89] =
Total (95% CI) 90 90 100.0% 0.37 [0.07, 0.66] i
Heterogeneity: Chi? = 0.02, df = 1 (P = 0.90); I*> = 0% t — t }
Test for overall effect: Z = 2.43 (P = 0.01) L 05 0 0:5 1
D Trial group Control group Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Xia 2023 10.79 1.79 65 9.38 1.18 65 34.3% 0.92 [0.56, 1.29] &
Xu 2018 10.12 1.93 76 10.34 1.5 93 35.1% -0.13 [-0.43, 0.18] —
Zou 2017 1.2 0.4 25 09 03 25  30.6% 0.84 [0.26, 1.42] —
Total (95% CI) 166 183 100.0% 0.53 [-0.23, 1.29] o
Heterogeneity: Tau? = 0.40; Chi? = 21.83, df = 2 (P < 0.0001); I* = 91% _42 _=1 ) 1 2
Test for overall effect: Z = 1.36 (P = 0.17)
E Trial group Control group Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% ClI
Liang 2019 7.84 1.79 43 9.12 2.03 43 21.0% -1.28[-2.09, -0.47] —
Xia 2023 10.53 2.8 65 10.44 2.77 65 16.9% 0.09 [-0.87, 1.05] e
Xu 2023 8.02 1.37 450 8.95 1.22 450 49.8% -0.93[-1.10, -0.76] 3
Zou 2017 76 2.2 25 9 21 25 12.3% -1.40[-2.59, -0.21]
Total (95% CI) 583 583 100.0% -0.89 [-1.37, -0.41] -
Heterogeneity: Tau? = 0.11; Chi® = 5.67,df = 3 (P = 0.13); I> = 47% _52 _!1 3 51 é

Test for overall effect: Z = 3.66 (P = 0.0003)

F Trial group Control group Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Liang 2019 1,976.41 795.43 43 2,542.03 865.85 43 1.5% -565.62[-917.04, -214.20]
Tang 2022 2,145 116.4 102 2,445 136.8 92 51.3% -300.00[-335.94, -264.06] ||
Xia 2023 2,498.03 743.66 65 2,866.53 931.36 65 2.2%  -368.50[-658.24, -78.76]
Xu 2023 1,329.34 312.19 450 1,683.12 358.04 450 43.7% -353.78[-397.67,-309.89] =
Zou 2017 1,315.5 658.5 25 1,725.5 705.8 25 1.3% -410.00 [-788.38, -31.62]
Total (95% CI) 685 675 100.0% -330.44 [-373.93, -286.96] ¢
Heterogeneity: Tau? = 623.84; Chi? = 5.59, df = 4 (P = 0.23); I = 28% 5_1000 _5500 ) 560 1000’

Test for overall effect: Z = 14.89 (P < 0.00001)

Figure 4. Forest plot of studies evaluating miscarriage rate (A); the number of oocytes retrieved (B); E, levels on the day of hCG
(C); endometrial thickness on the day of hCG (D); total days of Gn used (E); total dose of Gn used (F).

three studies reported the related outcomes, which
might also be an inherent deficiency of this study.
Fifth, six included RCTs had a poor design in their
blinding methods, thus they were rated as high risk of
bias in the domain of blinding. Sixth, there are some
outcomes such as premature luteinizing hormone (LH)
surge and embryo implantation rate which reported in

our study protocol, whereas we had insufficient data
to pool these outcomes systematically for none of the
included articles reported these assessments. To ensure
the quality of RCTs, this meta-analysis involved strin-
gent inclusion and exclusion criteria, and a substantial
endeavor was adopted to conduct a comprehensive

article screening.



Conclusion

The current analysis indicates that CoQ10 pretreatment
has positive effects on improving the outcomes among
women with DOR undergoing IVF/ICSI, including increas-
ing clinical pregnancy rate, number of oocytes retrieved,
number of optimal embryos, and E, levels on the day of
hCG, along with decreasing cycle cancellation rate, mis-
carriage rate, total days of Gn applied, and total dose of
Gn used. However, this meta-analysis included relatively
limited sample sizes with poor descriptions of their meth-
odologies. In the future, researchers should perform
well-designed studies aimed at diminishing the risk of
bias and further verifying the current evidence.
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