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Abstract 

Background: Despite recent significant advances in the field of in vitro fertilization (IVF), the 

repeated implantation failure (RIF) remains a serious challenge in the field of fertility. The 

suppression and regulation of the immune system by using immunomodulatory or immunosuppressive 
agents are one of the key ways to reduce RIF. We aimed to review the literature for the effect of 
immunosuppressive treatment on improves reproductive outcomes in infertile women. 

Materials and Methods: In this systematic review, two independent reviewers selected related articles 
of online databases (Scopus, EMBASE, Cochrane library, Web of Science, CINAHL, Medline, and 
CIVILICA), without time from inception restrictions up to July 2022. Studies were included if they 
were published in English and Persian and if they included original data on infertile women exposure 
to immunosuppressive drugs. A meta-analysis was not possible to perform due to the heterogeneity of 

the data. 

Results: Fertilization rate, implantation rate and clinical pregnancy rate were significantly higher in 
prednisone +HCQ group than in prednisone group.  However, abortion rate was not different between 

two groups. In the a retrospective cohort study, there was not difference between in treated group 
)hydroxychloroquine + cyclosporine (PDN + HCQ + CsA), prednisone + hydroxychloroquine (PDN + 
HCQ), prednisone (PDN) tcompared with untreated patients regarding rate of live birth, implantation 
biochemical and clinical pregnancy (p>0.05). Treatment with HCQ down-regulated Th17 related 
cytokines and function and up-regulated Treg related cytokines and function significantly (p<0.001). 
Hydroxychloroquine (400 mg/orally per day) treatment significantly decreased (p<0.0001) serum 
level of TNF-α and significantly increased serum level of IL-10 (p< 0.0001). 

Conclusion: Based on the combined results, the immunoregulatory can be effective on fertilization 
rate, clinical pregnancy rate, live birth rate, and implantation rate, but it was not effective on reducing 

abortion rate and biochemical pregnancy. 
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1- INTRODUCTION 

      Infertility is a disease of the male or 

female reproductive system defined by the 

failure to achieve a pregnancy after 12 

months or more of regular unprotected 

sexual intercourse (1). Infertility affects 

millions of people of reproductive age 

worldwide – and has an impact on their 

families and communities. Estimates 

suggest that between 48 million couples 

and 186 million individuals live with 

infertility globally (2-4). Assisted 

Reproductive Technology (ART) includes 

all fertility treatments in which either eggs 

or embryos are handled outside of the 

body. In general, ART procedures involve 

removing mature eggs from a woman’s 

ovaries using a needle, combining the eggs 

with sperm in the laboratory, and returning 

the embryos to the woman’s body or 

donating them to another woman. The 

main type of ART is in vitro fertilization 

(IVF) (5).  

While assisted reproductive technology 

(ART) has made considerable 

advancements since its inception, the 

current success rate is under 30% and 

implantation failure remains a main 

challenge in Female fertility (1). Natural 

implantations fail in about 25-40% of 

cases and of women experience non-

implantation, and this is clinically 

ambiguous. Implantation has a low success 

rate. Regarding the causes of reproductive 

failures, scientists have recently drawn 

attention to immunological factors (2).  

Recurrent implantation failure refers to 

failure to achieve a clinical pregnancy after 

transfer of at least four good-quality 

embryos in a minimum of three fresh or 

frozen cycles in a woman under the age of 

40 years (3). Repeated implantation failure 

(RIF) or in vitro fertilization (IVF) failure 

occurs when the transferred embryos fail 

to implant and this means no pregnancy 

(9). RIF is defined as lack of pregnancy 

after at least 3 times of fresh or frozen 

embryo transfer (FET) to the uterus (3). 

Immunosuppressant’s are widely used 

from the late 21st century for a variety of 

indications (10). At current, 

immunosuppressive drugs are used in the 

treatment of inflammatory and 

autoimmune diseases, as well as in 

transplantation (11). In other hand, the 

suppression and regulation of the immune 

system by using immunomodulatory or 

immunosuppressive agents are one of the 

key ways to reduce RIF (4, 5). 

Hydroxychloroquine, an antimalarial drug 

is widely used in patients with various 

autoimmune diseases, particularly 

systemic lupus erythematosus (SLE). This 

drug has anti-inflammatory and immune-

regulatory properties(6). 

In case of inflammatory and auto immune 

disorders, immunosuppressant’s are the 

first drug of choice which is prescribed in 

young and also elderly patients, and 

constant use of this medications in women 

for a long time may have deleterious 

effects on fertility, pregnancy outcomes 

and the unborn child (10, 11). Despite 

recent significant advances in the field of 

IVF, the RIF remains a serious challenge 

in the field of fertility.  Immune cell 

disorder, such as the imbalance of 

cytokines and the Th1/Th2 ratio, has been 

reported as one of the various causes of 

RIF (15, 16). The purpose of this study 

was to review the literature for the effect 

of immunosuppressive treatment on 

improves reproductive outcomes in 

infertile women. 

2- MATERIALS AND METHODS 

      Preferred Reporting Items for 

Systematic review and Meta-Analysis 

(PRISMA) checklist was used as a 

template for this review (17).  

2-1. Protocol and registration: Not 

available. 

2-2. Eligibility criteria  

Participants, interventions, comparators, 

and outcomes (PICO) was used to 

https://www.cdc.gov/art/index.html
https://www.cdc.gov/art/index.html
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formulate the review objective and 

inclusion criteria. 

Participant: Infertile women with 

experience RIF. 

Interventions: Any type of infertile 

women exposure of immunosuppressive 

drugs (such as hydroxychloroquine, 

cyclosporine, prednisone, etc.) took place 

in the 6 months before or around the time 

of conception. 

Comparators: Treatment vs. control 

group, treatment vs. different type of 

treatment, before vs. after treatment.  

Outcomes: The primary pregnancy 

outcomes: any changes in biochemical 

pregnancy rate, fertilization rate, live birth 

rate, clinical pregnancy, implantation rate, 

and abortion rate. Secondary outcome: 

other significant changes in modulation of 

Th1/Th2 balance and Th17/Treg ratio.  

2-2. Included studies: All randomized 

controlled trials (RCT), clinical studies 

both randomized and nonrandomized 

retrospective or prospective studies that 

assessed the effect of Hydroxychloroquine 

or immunosuppressive agents in infertile 

women. Studies were included if they were 

published in English or Persian and if they 

included original data on infertile women 

exposure to immunosuppressive drugs and 

published up to May 2022, were screened 

for eligibility. 

2-3. Exclusion criteria  

The exclusion criteria were abstracts 

without the full article, articles not written 

in English or Persian, review articles, pilot, 

letter, editorial, short report, case report, 

preliminary and briefs studies.  

2-4. Information sources 

Systemic research of electronic databases: 

Medline (via PubMed), Cochrane Central 

Register of Controlled Trials (CENTRAL), 

international Registry Platform for 

ongoing trials and clinical trails.gov, 

EMBASE, Web of Science, Scopus, and 

Google Scholar search engine.  

2-4. Search 

Search terms were a combination 

regarding fertility and pregnancy outcomes 

with a list of immunosuppressive drugs: 

(Hydroxychloroquine OR 

Immunosuppressive agents) AND (IRF 

OR Infertility OR Pregnancy OR Abortion 

OR Pregnancy outcomes OR Reproductive 

outcomes OR Fertilization rate OR  Live 

birth rate OR Clinical pregnancy OR  

Implantation rate OR Biochemical).  

The search was done independently in 

duplication by two independent reviewers, 

and any disagreement between the reviews 

was dissolved by the supervisor. We also 

included references from the primary 

search publications, in case these were 

missed in our search and when relevant 

data were missing. 

2-5. Study selection 

A database search was done for possible 

studies, abstracts were screened for 

eligible studies, full-text articles were 

obtained and assessed, and a final list of 

included studies was made. In addition to 

primary articles, their references were also 

searched for additional studies (Figure.1). 

This process was done independently and 

in duplication by two reviewers, and any 

disagreement was resolved by the third 

reviewer. References were organized and 

managed using EndNote software (version 

X8). 

2-6. Data collection process  

We developed a researcher made form 

template and followed it for each study. 

Two reviewers collected the data 

independently and a third reviewer solved 

any discrepancies. Data collected from the 

selected studies included: study design, 

study population (authors’ name, setting, 

year of published articles, sample size, and 

age group), type of intervention and 

comparison applied, and main results. 
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2-7. Risk of bias in individual studies 

The final version of the Jadad scale, which 

comprises three important items, was used 

for evaluating the quality of trials. The 

Jaded scale ranges from 0 to 5 points. 

These items included:  randomization (if 

randomization was conducted and if it was 

done appropriately), blinding (if the trial 

was blinded and if it was done 

appropriately) and reporting withdrawals 

and dropouts (if rate and reasons for 

withdrawals and dropouts were reported) 

(18). The quality of the retrospective 

studies was assessed using Newcastle-

Ottawa Scale (NOS) checklist (19) 

(Table.1). The assessment was done by 

two reviewers independently and in 

duplication and any discrepancies were 

resolved by the third reviewer.  

2-9. Synthesis of results  

Due to the difference in the included 

studies, study designs, lack of control 

groups in some studies, sample size, type 

of intervention used, duration of treatment, 

and duration of follow- up, a meta-analysis 

was not be conducted.  

 

Fig.1: PRISMA Flowchart. 

From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. doi:10.1371/journal.pmed1000097. 
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3- RESULTS 

       A total of 5 related studies (n=5,634) 

met the inclusion criteria for this 

systematic review (Figure.1). The main 

characteristics of the selected studies are 

summarized in Table.1 and the following: 

3-1. The effect of immunosuppressive 

treatment on pregnancy outcome  

In a study by Ahmadi et al., the impact of 

IVIG was evaluated on the function and 

frequency of Treg and Th17 cells, as two 

major CD4+ T cell subclasses in 

pregnancy and implantation rates. The 

study was conducted on the RIF patients 

(n=72) with preconception Th1/Th2 ratio 

and natural killer (NK) cells frequency and 

activity elevation, within two groups of 

receiving IVIG, aspirin, and enoxaparin 

(n=40, treatment group), and receiving 

aspirin and enoxaparin and no IVIG (n=32, 

control group). Th17, Treg frequency, 

transcription factors, cytokine gene 

expression, and cytokine secretion were 

analyzed using flow cytometry, real-time 

PCR, and ELISA, sequentially.  According 

to post-treatment examination in the IVIG 

group, there was a significant elevation in 

Treg-related indices such as Treg 

frequency (p = 0.018), Foxp3 (p<0.001), 

and cytokine mRNA levels (IL-10, p = 

0.0058 and TGF- β, p = 0.0038); however, 

there was a significant difference in the 

case of Th17 only in a decrease in the 

mRNA level of RORγt (p = 0.021) (7). 

In a retrospective study, Meng et al. 

examined the women with IVF-ET failure 

and reported an increase in the Th1/Th2 

ratio of 1/2019 to 3/2020. The findings 

defined the elevated Th1/Th2 ratio of 

≥10.3. In terms of receiving or not 

receiving immunoregulatory treatment 

(PDN+HCQ+CsA/PDN+HCQ/PDN=21/9/

11) in the process of frozen transfer cycle, 

the patients were divided into two 

treatment and control groups. The research 

units included patients in treatment (n=41), 

and control (n=30) groups. There was no 

difference in the baseline profiles between 

the two groups. Higher live birth rate was 

found in the treatment group than the 

control group (41.5% vs. 16.7%, p=0.026). 

There was greater rate of biochemical 

pregnancy (56.1% vs. 40%, p=0.18), 

implantation (36.5% vs. 23.9%, p=0.15), 

and clinical pregnancy (51.2% vs. 30%, 

p=0.0743) when comparing with control 

group, but not statistically significant (16).  

In a retrospective study, Lian et al. 

examined the patients (n= 156) underwent 

IVF-ET with positive ANA and ds-DNA 

but without symptoms in South China 

between January 2010 and December 

2016. The patients were treated with 

prednisone (7.5 mg/day) or prednisone 

(7.5 mg/day) + HCQ (0.2 twice a day) 

before and during pregnancy. They 

determined IVF-ET outcomes and 

complications. The research units had no 

significant difference in demographic 

characteristics and reproduction-associated 

indices (i.e. duration of infertility, basal 

sex hormone, total Gn dose, E2 level on 

the day of HCG initiation and number of 

retrieved oocytes) between the two 

prednisone (n=65), and prednisone +HCQ 

(n=91) groups. The prednisone +HCQ 

group showed significantly greater 

fertilization rate (75.8% vs. 60.0%, 

p=0.017), implantation rate (29.7% vs. 

15.4%, p=0.032), and clinical pregnancy 

rate (62.6% vs. 47.7%, p=0.028) compared 

to the prednisone group, as well as 

insignificantly lower abortion rate (7.0% 

vs. 12.9%). There was no relationship 

between the clinical pregnancy rate and the 

ANA or ds-DNA levels. The implantation 

failure had an association with low C3. 

None of the two groups experienced 

complications influencing the treatment 

period (20). 

In a clinical trial study aimed to 

investigated the effects of 

Hydroxychloroquine (HCQ) on the level 

and function of Th17 and Treg cells in 

women with RIF, Sadeghpour et al. found 
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no significantly different rate of 

biochemical pregnancy rate among RIF 

patients before and after HCQ treatment 

(21). 

3-2. The effect of treatment with 

hydroxychloroquine on the modulation 

of Th1/Th2 balance and Th17/Treg ratio 

in women with repeated implantation 

failure 

Ghasemnejad-Berenji et al. examined the 

patients (n=17) experiencing RIF and 

elevated TNFα/IL-10 ratio (TNFα/IL10 > 

= 30.6) before and after oral HCQ 

administration (400 mg/day). The HCQ 

significantly caused a reduction in the 

serum TNF-α level (p< 0.0001), and an 

elevation in the serum IL-10 level (p< 

0.0001). The expression of T-bet (Th1 

transcription factor) was down-regulated 

and of GATA-3 (Th2 transcription factor) 

was up-regulated. There was a significant 

increase in the fluorescent 

immunoreactivity of IL-4 (p< 0.001), and 

IL-10 (p<0.05) as well as a significant 

decrease in the fluorescent 

immunoreactivity of TNFα (p<0.05), and 

IFN-γ (p < 0.05) in endometrial tissue 

following the HCQ (14).  

 

 

Table-1: General characteristics of the included studies included (n=5). 

Author/Year

/Country, 

Reference 

 
 

 

Study 

designs 

Age, year, 

mean+ SD  

Sample 

size 

Intervention 

(dose and 

duration of 

treatment) 

Comparison 

(dose and 

duration of 

treatment) 

Main results  Quality 

assessment 

Ahmadi et 

al., 2017, 

Iran, (7) 

 
 

 

Clinical 

trial  

Interventio

n 

group=36.

8 ±2.7, 
control 

group= 

37.1± 2.4 

72  received IVIG,  

aspirin, and 

heparin 

(anoxaparin), 
n=40 patients 

received 

aspirin and 

heparin 

(anoxaparin), 
n=32 patients 

In IVIG group, there was a 

significant elevation in Treg-

related indices such as Treg 

frequency (p=0.0186), Foxp3 
(p=0.0004), and cytokine 

mRNA levels (IL-10, 

p=0.0058 and TGF- β, 

p=0.0038); however, there 
was a significant difference in 

the case of Th17 only in a 

decrease in the mRNA level 
of RORγt (p = 0.0218). 

4* 

Meng et al., 

China, 2020, 

(16) 

Retrospe

ctive 

cohort  

34.61 ± 

4.05 

71  

 

received 

(PDN+HCQ+C

sA/PDN+HCQ/

PDN), n=41 
 

 

no 

immunoregul

atory 

treatment, 
n=30  

Rate of live birth was higher 

in treated group compared 

with untreated patients 

(41.5% vs. 16.7%, p=0.026). 
Rate of biochemical 

pregnancy (56.1% vs. 40%, 

p=0.18), 

implantation (36.5% vs. 
23.9%, p=0.15), clinical 

pregnancy (51.2% vs. 30%, 

p=0.0743) were higher than 

control group, but there was 
no statistical significances. 

**15 
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Lian et al., 

2018, 
China, (20) 

Retrospe

ctive 
cohort 

- 156  Prednisone 

(dose of 7.5 
mg/day) + 

HCQ (0.2 twice 

a day), n=91 

Prednisone 

(dose of 7.5 
mg/day), 

n=65 

 

Fertilization rate, 

implantation rate and clinical 
pregnancy rate were 

significantly 

higher in prednisone +HCQ 

group than in prednisone 
group (75.8% vs. 60.0%, 

p=0.017, 29.7% vs. 15.4%, 

p=0.032, and 62.6% vs. 

47.7%, p=0.028), 
respectively. Abortion rate 

was lower in prednisone 

+HCQ group, 7.0% vs. 
12.9%, but not significant. 

**14 

Sadeghpour 

et al, 2020, 

Iran, (21) 

 
 

Clinical 

trial 

(before 

and after 
intervent

ion) 

33  60 received HCQ 

= 400 mg daily 

for 16 days, 

n=60 

-  Treatment with HCQ down-

regulated Th17 related 

cytokines and function and 

up-regulated Treg related 
cytokines and function 

significantly (p<0.001). 

RORγt and FOXP-3 

expression factors were up-
regulated. The biochemical 

pregnancy rate was not 

significantly different in RIF 

patients before and after 
treatment. 

 

*3 

Ghasemneja

d-Berenji et 

al., 2018, 
Iran, (14) 

Clinical 

trial 

(before 
and after 

intervent

ion) 

33 17 received HCQ= 

400 mg/orally 

per day 

- The HCQ significantly 

caused a reduction in the 

serum TNF-α level (p< 
0.0001), and an elevation in 

the serum IL-10 level (p< 

0.0001).  

*3 

* Jadad scale, ** Newcastle-Ottawa Scale.  

4- DISCUSSION 

        This systematic review aimed to 

review the literature for the effect of 

immunosuppressive drugs on pregnancy 

outcomes such as fertilization rate, live 

birth rate, clinical pregnancy rate, 

implantation rate, and abortion rate and 

biochemical pregnancy in infertile women 

with experience RIF. Based on the 

combined results, the immunoregulatory 

can be effective on fertilization rate and 

live birth rate, clinical pregnancy rate, and 

implantation rate, but it was not effective 

on reducing abortion rate and biochemical 

pregnancy. Infertility is a term used to 

define as a disease of the human 

reproductive system where the body fails 

to achieve pregnancy after sexual 

intercourse. World health organization has 

reported infertility as a chronic health 

disorder that affects both men and women 

all across the world (22). In a study by 

Meng et al., the HCQ treatment among 

RIF patients with impaired immune cells 

during pregnancy influenced the 

Th17/Treg ratio, increased Treg and 

reduced Th17 responses as successful 

pregnancy outcomes. However, there was 

no significant difference in pregnancy 

outcomes in the current research. The 

results of this study should be interpreted 

with caution due to the small sample size 

(15). Based on the results, abortion rate 

was lower in prednisone +HCQ group than 

in prednisone group, 7.0% vs. 12.9%, but 

difference between groups not 

significantly (20).  

Live birth rate defined as the delivery of at 

least one live-born infant (>24 weeks of 

gestation) (11). Based on the results, rate 



Immunosuppressive Drugs and Reproductive Outcomes 

Health Provid, Vol.1, N.4, Serial No.4, Dec. 2022                                                                                              208 

of live birth was higher in treated group 

)hydroxychloroquine + cyclosporine (PDN 

+ HCQ + CsA), prednisone + 

hydroxychloroquine (PDN + HCQ), 

prednisone (PDN) tcompared with 

untreated patients (41.5% vs. 16.7%, 

p=0.026)(16).  

Clinical pregnancy defined as a positive 

serum hCG and confirmed gestational sac 

on ultrasound, or clinical findings of 

trophoblasts (13). Based on the results, 

clinical pregnancy rate were higher  in  

immunoregulatory treatment  group than 

control group (51.2% vs. 30%, p = 

0.0743), but there were no statistical 

significances (12). Also, clinical 

pregnancy rate were significantly higher in 

prednisone +HCQ group than in 

prednisone group (62.6% vs. 47.7%, 

p=0.028), respectively (20). In addition, in 

immunoregulatory treatment, improved 

clinical pregnancy rate in patients with RIF 

(13, 20). 

Implantation is defined as the process by 

which the embryo attaches to the 

endometrial surface of the uterus and 

invades the epithelium and then the 

maternal circulation to form the placenta 

(24). Based on the results, implantation  

rate  in immunoregulatory treatment  group 

were higher than control group (36.5% vs. 

23.9%, p= 0.15), but there were no 

statistical significances (16). Also, 

implantation rate were significantly higher 

in prednisone +HCQ group than in 

prednisone group (29.7% vs. 15.4%, 

p=0.032), respectively (8). In addition, 

combination of HCQ as 

immunosuppressants agents to prednisone 

improve implantation rate than PDN group 

(20). 

Fertilization rate defined as the total 

number of embryos over the total number 

of retrieved oocytes (15). Based on the 

results, fertilization rate, were significantly 

higher in prednisone +HCQ group than in 

prednisone group (75.8% vs. 60.0%, 

p=0.017), respectively (20).  

Biochemical pregnancy is the 

determination of B-HCG level in blood or 

urine along with clinical symptoms of 

pregnancy, but clinical pregnancy refers to 

the observation of intrauterine gestational 

sac under ultrasound (16-18). In Meng et 

al.'s study, immunoregulatory treatment  

group showed a higher biochemical 

pregnancy rate (56.1% vs. 40%, p= 0.18), 

compared to the control group, but not 

statistically significant (16). Sadeghpour et 

al. found no significant difference in the 

biochemical pregnancy rate among RIF 

patients before and after HCQ treatment 

(21). Immunoregulatory treatment group 

showed a higher biochemical pregnancy 

rate but no significant. The results should 

be interpreted with caution due to sample 

size (16, 21). 

The pros and cons of antimalarial agents 

are debated in infertile people, as long-

term use or high doses can induce ocular 

toxicity and even irreversible retinopathy 

in some cases Reportedly, the HCQ levels 

in the cord blood is almost as high as in 

maternal blood. Animal research has 

indicated the ocular drug accumulation in 

the fetal mice. A systematic review 

reported that 789 out of 1477 infants were 

exposed to HCQ or chloroquine in 

previous studies. Overall, 563 exposed 

infants were followed postnatally (from 

less than 3 months to 19 years), 331 of 

which underwent ophthalmologic 

examinations during the follow-up course 

(Our literature review revealed a low-to-

nonexistent risk of visual abnormalities in 

antimalarials-exposed offspring (29). In a 

systematic review, the patients with auto-

immune disorders had no relationship with 

any elevated risk of congenital defects, 

spontaneous abortions, fetal death, pre-

maturity and reduced live birth rate (30). 

4-1. Study Limitations 

One of the reasons for the difference 

between the studies included in this 

systematic review could be related to the 

fact that RIF is different in definition 
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among different studies; also, the 

difference in the prevalence of RIF in 

communities is 10-30% (22). The duration 

of infertility is a criterion for predicting 

pregnancy out comes. Couples who have 

been infertile for less than three years have 

a higher odds ratio for pregnancy. 

Therefore, confounding factors should be 

carefully examined in future studies. There 

is a need for a prospective randomized trial 

in the future to investigate the efficacy and 

safety of immunotherapy during the frozen 

embryo transfer cycle. Furthermore, these 

results may not be generalizable to patients 

undergoing fresh embryo transfer. 

5- CONCLUSION 

       HCQ treatment among RIF patients 

with impaired immune cells during 

pregnancy influenced the Th17/Treg ratio. 

Immunoregulators may be a helpful agents 

especially those with immunological 

disturbance. The findings also showed that 

the immunoregulators can be  effective on 

fertilization rate, clinical pregnancy rate, 

live birth rate, and implantation rate, but it 

was not effective on reducing abortion rate 

and biochemical pregnancy. These results 

may not be generalizable to patients 

underwent fresh embryo transfer. Findings 

should be interpreted with caution due to 

the small number of studies, small sample 

size, and cohort type. 
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