
Introduction
Among the controversies in reproduction science, role of 
immune and inflammatory systems in implantation pro-
cess and durability of pregnancy is a hot topic nowadays. 
Some researchers and practitioners believe that adminis-
tration of drugs such as prednisolone, aspirin or heparin 
can improve success rate of implantation and pregnancy 
through inhibiting coagulation, inflammatory and im-
mune systems; while others believe that such systems not 
only do not have negative effect on rejecting blastocyst 
and embryo by itself but also are necessary for implan-
tation and remodeling of uterine spiral arteries through 
secreting adhesive and angiogenic factors. Such contro-
versies are proposed both in natural pregnancies resulting 
in spontaneous abortion as well as in successful and/or 
unsuccessful assisted reproductive technologies (ARTs). 
Recurrent spontaneous abortion (RSA) is defined as hav-
ing 3 or more history of abortion (1). About the other is-
sue, some researchers and practitioners are grumbling of 
low success rate of ARTs like in vitro fertilization (IVF). 
Infertility is a problem for 10%-15% of couples; most of 
which – but not all – require ART (2). The average fer-
tilization rate of ART in previous researches has been re-
ported about 30% (3) and this report is for 1998. It has 
been claimed in an article published in 2015 that this rate 
has improved in the recent decade (4). Even though at the 
first glance this rate seems low, but the interesting point is 
that in the claim of a valid reference (5) the chance of nat-
ural pregnancy for each intercourse per month does not 

go up more than 33%. Also this number has been reported 
in some studies up to 40% (6). Thus, we should not be 
grumbling of the low fertilization rate of ARTs. Finally we 
intend to represent and report our insights, reasoning and 
suggestions in the present review.
 
Methods
This systematic and critical review includes investigation 
of scientific data bases and tracing the citations and the 
references of the articles in order to find the root of the 
truth. Through this wisdom, we showed the mere that a 
content proposed in an indexed article is not a reason that 
this content is valid and able to be cited. Indeed, the re-
searcher should regard and notice the reasoning, citations 
and protocol of his/her references during the literature re-
view. This is the benefit point of systematic review rather 
than holistic and narrative reviews. Since some data were 
few, the time period of publications was not important to 
us. 
As the searching strategy, we used the Web of Science 
Core Collection and Google Scholar for finding articles 
other than ISI-WOS and the tracing mentioned in the 
above paragraph. 

Results and Discussion
Role of Immune System and Leukocytes
In 2015, Ghafourian et al (1) by measuring the level of nat-
ural killer-cells (NKs) in blood of the RSA and the control 
group concluded that RSA patients in normal (non-preg-
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Introduction 
Throughout the history of the world, the ones who had 
confronted the bitterest face of poverty and war had al-
ways been the women. As known poverty and war affects 
human health either directly or indirectly, the effects of 
this condition on health and status of women in the so-
ciety should not be ignored. This study intends to cast 
light on the effects of war and poverty on the reproductive 
health of women. For this purpose, the face of war affect-
ing the women, the problem of immigration, inequalities 
in distribution of income based on gender and the effects 
of all these on the reproductive health of women will be 
addressed.

War and Women’s Health
Famine, synonymous with war and poverty, is clearer for 
women; war means deep disadvantages such as full de-
struction, loss of future and uncertainty for women. Wars 
are conflicts that destroy families, societies and cultures 
that negatively affect the health of community and cause 
violation of human rights. According to the data of World 
Health Organization (WHO) and World Bank, in 2002 
wars had been among the first ten reasons which killed 
the most and caused disabilities. Civil losses are at the rate 
of 90% within all losses (1).
War has many negative effects on human health. One of 
these is its effect of shortening the average human life. 
According to the data of WHO, the average human life is 
68.1 years for males and 72.7 years for females. It is being 

thought that severe military conflicts in Africa shorten 
the expected lifetime for more than 2 years. In general, 
WHO had calculated that 269 thousand people had died 
in 1999 due to the effect of wars and that loss of 8.44 mil-
lion healthy years of life had occurred (2,3).
Wars negatively affect the provision of health services. 
Health institutions such as hospitals, laboratories and 
health centers are direct targets of war. Moreover, the wars 
cause the migration of qualified health employees, and 
thus the health services hitches. Assessments made indi-
cate that the effect of destruction in the infrastructure of 
health continues for 5-10 years even after the finalization 
of conflicts (3). Due to resource requirements in the re-
structuring investments after war, the share allocated to 
health has decreased (1).

Mortalities and Morbidities
The ones who are most affected from wars are women and 
children. While deaths depending on direct violence af-
fect the male population, the indirect deaths kill children, 
women and elders more. In Iraq between 1990-1994, in-
fant deaths had shown this reality in its more bare form 
with an increase of 600% (4). The war taking five years 
increases the child deaths under age of 5 by 13%. Also 47% 
of all the refugees in the world and 50% of asylum seekers 
and displaced people are women and girls and 44% ref-
ugees and asylum seekers are children under the age of 
18 (5).
As the result of wars and armed conflicts, women are 
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nant) conditions have significantly higher level of NKs. 
They accounted the high level of peripheral blood NKs as 
a risk factor for RSA which needs to be investigated fur-
ther in their belief. 
NKs play the first immune response of body and are in 
near contact with placenta that contributes as 5%-12% 
of the human total leukocytes (1), 40% of uterine stroma 
leukocytes along with macrophages (7) and 70%-90% of 
uterine leukocytes during implantation (1). NKs in pe-
ripheral blood are mainly CD16+CD56dim and uterine 
NKs (uNKs) are mainly CD16-CD56bright (1). They, also by 
citing to Muzzio et al (8) considered a dual effect for B 
lymphocytes; protecting from pregnancy by secreting an-
tibodies and causing pregnancy complications by secret-
ing autoantibodies. 
Muzzio et al (8) along with reminiscing from immune 
system as a “fascinating phenomenon” announced that it 
can simultaneously protect the embryo and the mother 
against external pathogens. They cited from Kolb et al (9) 
that cytotoxic effects of maternal lymphocytes caused pro-
tection of cultured trophoblasts and ejecting of IgG from 
maternal serum was associated with decrease in the pro-
tecting effect. Borel et al reported (10) that antibody titer 
in serum of pregnant women was higher than non-preg-
nant women as another study (11) proved that patients 
with RSA have lower antibodies compared with the other 
women. Citing these contents as a positive approach to 
role of immune system by Muzzio et al – which is cited by 
Ghafourian et al (as a negative approach) - is notable. Pro-
gesterone-induced blocking factors of placenta can also 
induce production of antibodies from B cells (12). About 
the autoantibodies that could result in pregnancy compli-
cations, anti-phospholipid antibodies can cause induction 
of lupus anti-coagulant and anti-phospholipid syndrome. 
These autoantibodies result in hyper-coagulopathy that in 
addition to causing infertility, also have a risk of arterial or 
venous thrombosis for the mothers (13) which seems to 
be able to treated with aspirin or prednisolone. 
As returning to Ghafourian et al paper, they are of the con-
viction that the role of peripheral and endometrial leuko-
cytes in the outcome of pregnancy in patients with RSA 
is still controversial. They have announced that accord-
ing to abundant population of NKs in decidua they must 
per se perform physiologic and not pathologic functions. 
They also cited from Karami et al (14) that no significant 
correlation is observed between increase of CD56bright and 
RSA patients.  Of course increase of CD56dim in RSA was 
non-controversial and successive in previous original 
studies. Karami et al believe that in spite of lack of expres-
sion of usual human leukocyte antigen (HLA) class I (A 
and B types) by trophoblast cells, they are not attacked by 
uNKs and the mechanism of the trophoblast escape is still 
unknown. Recently Sachs in a commentary announced 
that empirical approach to role of NKs is not enough and 
researchers from different fields should work more closely 
together with a scientific approach to provide the best care 
for patients (15).
In the Karami et al study, not allowing patients for region-

al sampling of endometrium, led to lack of investigation 
of uNKs; because this work required having endometrial 
biopsy in the secretory phase of menstrual cycle. This lim-
itation was also the reason of the lack of investigation of 
the uNKs (CD16-CD56bright) in other studies. 
Among the little studies on human uNKs, we can name 
the study of Lachapelle et al in 1996 (16). In the study of 
Lachapelle et al, in RSA group, endometrial CD8+ T cells 
had significantly decreased and the proportion CD4/CD8 
had increased. On the other hand, the number of CD20+ 
B cells was significantly increased. The main and interest-
ing result of this study was that CD16-CD56bright NKs had 
significantly decreased in RSA group. So we can conclude 
that although based on the successive and undeniable 
resources, CD16+CD56dim NKs are further in peripheral 
blood of RSA group, but inverse, about uNKs we had de-
creasing rate. It shows that the hypothesis of adverse effect 
of uNKs (in comparison to blood NKs) on saving blasto-
cyst and embryo and also administration of aspirin to in-
hibit them is still under question; why it seems that uNKs 
have per se protective effect on blastocyst and embryo. 
Also the study of Lachapelle et al has it that CD16-CD-
56bright NKs secrete cytokines including some colony stim-
ulating factors that may help the promotion of placental 
growth. Because of this dual and paradoxical effect of 
uNKs and blood NKs it seems that imbalance between 
the CD16-CD56bright and the CD16+CD56dim is effective on 
RSA. 
In addition to CD56, CD16 marker is remarkable. In con-
trast to CD56, CD16 is more an effective agent rather than 
being a diagnostic marker; in other words, CD16 is the 
weapon of NKs for antibody dependent cell-mediated 
cytotoxicity (ADCC) (17). Since uNKs are mainly CD16- 
they are called as immune-regulatory NKs (against cyto-
toxic NKs); and since mostly CD56dim is along with the 
presence of CD16 and CD56bright and absence of CD16, the 
dim and bright types of NKs are respectively called as cy-
totoxic and immune-regulatory NKs (18). 
As we mentioned before, HLA genes are the most poly-
morphic loci in the human genome that is very useful in 
anthropological studies (19) as well as infertility screen-
ings.  In addition to the HLAs, about 14 types of killer-cell 
immunoglobulin-like receptor (KIR) have been discov-
ered so far on the surface of NKs. Rather in which KIR 
bounds to which HLA (type C or G), NK performs differ-
ent functions that most of them are protective for mainte-
nance of pregnancy (20,21).
Another role in immune system is that mesangial stem 
cells in menstrual blood can modulate the activity of im-
mune cells such as B cells, T cells and NKs (22-24). So 
the menstruation of women as a natural process shows the 
immune system as the fascinating phenomenon. Another 
paper on mice (25) showed that the number of dendritic 
cells in early pregnancy is high rather than intermediate 
as in late days of pregnancy or non-pregnant conditions. 
It shows the natural and vital role of immune system in 
early pregnancy. 
The interaction between embryo and maternal tissue de-
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pends on hormones, adhesive molecules and growth fac-
tors (6). Most physiologic immune responses start with 
proceeding of natural intercourse because of a lot of beta 
growth factors and prostaglandin E volume in semen that 
enable it to induce T-regulatory cells (26). Thus, inhibit-
ing immune system as a protocol is throwing the body out 
with bath water. For example, uNKs, T-helper-1 and den-
dritic cells are not only necessary for balance of immune 
system but also for vascular remodeling and decidual de-
velopment (26). 
Even nowadays most roles of NKs are unknown. The im-
mune-tolerance is mainly handled by uNKs. The final 
mechanism seems to be T cell immunoglobulin and mu-
cin domain-containing protein 3 (Tim-3), a newly discov-
ered molecule which is highly expressed on cell surface 
of uNKs. Abnormal Tim-3 level might be associated with 
RSA (27). As described by Wang et al. Tim-3 promotes 
T-helper balance (28).

Vascular Remodeling and Histopathology of Endometrium
Uterine spiral arteries perform an important function in 
supplying nutrients to uterus and in order to gain this aim, 
these arteries are supposed to be remodeled; hence they 
get physiologic dilating that otherwise leads to pre-ec-
lampsia (29) – a pregnancy specific syndrome in which a 
variety of immune factors are involved (30). 
Uterine vascular remodeling is one of the controversial 
issues in histology and embryology that approximately in 
all related articles it is known as an unknown process. So 
the final accepted idea in most papers like Ashton et al 
(31) is that for sufficient blood supplying of embryo it is 
necessary that uterine arteries should “revert”, in which 
its endothelial cells are replaced by extra villous tropho-
blast (EVT), surrounding smooth muscles and fibrinoid 
(Figure 1), (29,31-33).
In the first trimester of pregnancy, decidual spiral arteries 
change from narrow position into dilated form with lack 

Figure 1. Remodeling Process of Uterine Spiral Arteries.

of maternal vasomotor control. These changes are per-
formed for better blood supplying that if failed leads to 
pregnancy complications (7).
A controversial point is how to remodel. We found that 
in this going back of spiral arteries we have apoptosis in 
endothelial layer (29); whereas in muscular layer we have 
cell migration and no apoptosis was observed (32). The 
mentioned apoptosis is triggered by leukocytes dealing 
with remodeling (like NKs, etc.) (7). 
In mice with impaired NKs it has been observed by Pi-
jnenborg et al that the muscular layer of spiral arteries re-
mained intact (29). So it can be concluded that existence 
of NKs is necessary for migration of muscular cells and 
inhibition of them may cause complications. Also he be-
lieved that uNKs play two roles; direct impact on vascular 
remodeling and regulatory impact on trophoblast invad-
ing. Also, it has been observed in golden hamster (34) that 
uNKs are involved with vascular remodeling during im-
plantation while they invade arterial wall before invading 
trophoblasts. uNKs gathered in the location of remodel-
ing, cause vascular dilation and angiogenesis by secreting 
vascular endothelial growth factor (VEGF) and interleu-
kin (IL)-8 (34). For this reason, progesterone therapy is 
done to improve expression of VEGF receptor in endo-
metrium at implantation time (35). Although Clifford et 
al (36) observed an increased number of NKs in decidua 
of women with RSA, they investigated the total uterine 
CD56+ cells which consists of both bright and dim forms 
of CD56.
 
Role of Inflammation in Implantation
Over 75% of pregnancy failures are associated with im-
plantation failure (37). Of the controversial issues is 
whether inflammation is good or bad in the implantation 
success. For this reason some previous studies proposed 
that administration of low dose aspirin, heparin and pred-
nisolone to increase the success rate of ARTs is an effective 
method (38); because coagulation process and the coagu-
lation factors are involved in pregnancy loss as described 
by Jeddi-Tehrani et al. (39). The more interesting point is 
that no significant correlation were observed in approx-
imately half of these studies. It can never be denied that 
pathologic and unusual inflammation impedes the success 
pregnancy, but by itself inflammation is a physiologic phe-
nomenon that is necessary for pregnancy maintenance. 
About administration of low dose aspirin as an adjuvant 
treatment of infertility, there are controversial approach-
es and contradictory findings. For instance, Akhtar et al 
in 2013 as opposed to aspirin administration, announced 
directly in their study entitled “Aspirin and heparin as 
adjuvants during IVF do not improve live birth rates in 
unexplained implantation failure” (40). After a year, Gizzo 
as a defender of aspirin administration takes success less 
of such researches into account as lack of suitable protocol 
(41); but even in his research, numbers of good-quality 
embryos were decreased in group of low dose aspirin ad-
ministration. Another research (42) announced that in-
hibition of NKs – with aspirin or prednisolone - results 
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in better interface between embryo and maternal tissue 
as Boroujeni et al announced (43). On the hypothesis of 
Haapsamo et al (44), administration of low dose aspirin 
can improve vascular remodeling; but it’s to be noted that 
inhibition of immune system is somehow throwing the 
body out with bath water; as a valid paper in Journal of Re-
productive Immunology in 2015 announced that uNKs can 
help durability and remodeling of uterine arteries (45). 
Moini et al in 2007 (46) in a research – with a similar pro-
tocol to Akhtar’s (100 mg aspirin daily for 12 weeks after 
IVF performing) – in spite of the defending approach to 
aspirin administration, reached no significant correlation. 
Of course unlike Akhtar and like Gizzo, who consider 
failure of their hypothesis because of unsuitable protocol. 
This reasoning is correct; because 12 week administration 
of such high bio-availability drug inhibits natural inflam-
mation and immune system of patients in the sensitive pe-
riod of placentation. Of course even Gizzo’s protocol was 
not responsive and for this reason in our previous letter 
we suggested the administration merely at ovulation peri-
od (38). Thanks to the up-regulatory effects of aspirin on 
ovary and ovarian hormones (43). But because of histopa-
thology sequels of ovulation stimulation (47,48) it is still 
controversial. 
Apoptosis (triggered by IFN-gamma) in turn like inflam-
mation is a physiologic phenomenon by itself and seems 
necessary for vascular remodeling and implantation win-
dow formation (49). For example, the mentioned EVTs in-
duces apoptosis through interaction of Fas/FasL (31). Of 
course in pathologic conditions the very apoptosis could 
be a reason of abortion (50), like apoptosis secondary to 
toxoplasma infection (51). 
Since in the word of Longman’s Embryology, L-selectin 
is responsible for primary adhesion of blastocyste to en-
dometrium (52) and on the other hand non-steroid an-
ti-inflammatory drugs (NSAID) in general and aspirin in 
particular can inhibit L-selectin (53), aspirin administra-
tion even at early implantation might be against logic. The 
other extra-cellular molecules such as Laminin (54) and 
Fibronectin in the word of Longman are involved in the 
adhesion (52), in which aspirin is respectively non effec-
tive on the first one (55) and inhibitor of the second one 
(56). “Laminin receptor 1” may also have an important 
role in human reproduction. Its decreased expression has 
also been linked to shallow trophoblastic invasion which 
may lead to pre-eclampsia (54,57,58). Of course such 
molecules have variety of kinds and the mentioned ref-
erences (53,55,56) are not merely related to endometrium 
and it’s upon us to study further. Also L-selectin is abun-
dant on cell surface of CD56bright NKs (19); so inhibiting 
these NKs as a therapeutic protocol by aspirin needs to be 
investigated further. 
The inflammatory response of T-helper-1 cells and 
T-helper-2 cells are respectively necessary for induction 
of implantation and pregnancy maintenance (59). Anoth-
er research showed that in uterine stroma cells of healthy 
women, level of cytokines such as IL-6,8 and transforming 
growth factor (TGF)-beta were upper than in women with 

implantation failure history (6). In study of Rajaei et al (6) 
because of some impediments, investigation on Interfer-
on (IFN)-gamma was not performed; but another study 
in 2015 proved its impact (60). Thus, it seems that such 
pre-inflammatory cytokines are necessary for implanta-
tion success. The impact of tumor necrosis factor (TN-
F)-alpha is also reported (61). 
As described by Murphy et al in a high quality review 
(49), IFN-gamma (secreted mainly by NKs) plays a key 
in processes such as initiation of vascular remodeling of 
endometrium, angiogenesis in implantation site and even 
maintenance of the maternal part of placenta. But in spite 
of this, inhibition of IFN-gamma secondary to inhibition 
of NKs is the main reasoning of low dose aspirin admin-
istration defenders (43). Conversely, IFN-gamma level 
were lower in women with 20th-25th week pre-term de-
livery (49). Recently, it has been observed by Sun et al. that 
blocking Tim-3 is associated with reduction of IFN-gam-
ma and TNF-alpha (27). 
In addition to the above data about the role of inflamma-
tion, recently a new technique under the title of “endome-
trial scratching” is proposed (62). Due to novelty of this 
technique there were a few free-access related articles like 
Nossair et al (59) and Singh et al (63). In this technique, 
via making a scratch-suction on endometrium, we inflame 
endometrium (up to 6 mm thickness) to prepare it for im-
plantation (64). As Nossair et al announced, induction of 
inflammation can induce decidualization. They believe 
that although this technique has never been assayed for 
potential genetic sequels, the obtained embryos were of 
good-quality. 
Since Longman’s Embryology counts the teratogenic ef-
fect of aspirin and heparin as controversial (52), our 
search showed that this issue were proposed since 1971 
when Kimmel et al (65) had investigated it in high dose 
and nowadays in 2015 this effect is proved in high doses 
(66) and probably in low doses like 8 mg/kg in rabbit (67).

Conclusion
As mentioned before, we should not expect more from 
ARTs. This apparently low success rate for ART is not 
merely a reason to approach a non-proved therapeutic 
protocol. If RSA was proved or ARTs do not work after 
a year of continuous attempt we should seek a remedy; 
but we should always use a valid protocol to prevent from 
formation of bad-quality and malformed embryos. We 
should regard that if the immune system rejects an em-
bryo, it might be due to malformation. 
At the end of the review it is notified and suggested that 
using a valid protocol is necessary for infertility clinical 
centers. The protocol mainly consists of HLA-C and G 
typing of the embryo by chorionic villus sampling or am-
niocentesis and also KIR typing of the both parents with 
help of the gel-based, serological and genetic techniques. 
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