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BACKGROUND: Infertility affects 48.5 million couples worldwide with a prevalence estimated at 3.5-16.7% in low- and middle-income
countries (LMIC), and as high as 30—40% in Sub-Saharan Africa. ART services are not accessible to the majority of these infertile couples
due to the high cost of treatments in addition to cultural, religious and legal barriers. Infertility and childlessness, particularly in LMIC,
have devastating consequences, which has resulted in considerable interest in developing affordable IVF procedures. However, there is a
paucity of evidence on the safety, efficiency and ability to replicate techniques under different field conditions, and how to integrate more
affordable ART options into existing infrastructures.

OBJECTIVE AND RATIONALE: This review was performed to investigate the current availability of IVF in LMIC and which other ART
options are under development. This work will unfold the landscape of available and potential ART services in LMIC and is a key element
in positioning infertility more broadly in the Global Public Health Agenda.
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SEARCH METHODS: A systematic literature search was performed of articles and gray literature on IVF and other ART options in
LMIC published between January 2010 and January 2020. We selected studies on IVF and other ART treatments for infertile couples of
reproductive age (18—44 years) from LMIC. The review was limited to articles published after 2010, based on the recent evolution in the
field of ART practices in LMIC over the last decade. Citations from high-income countries, including data prior to 2010 and focusing on
specialized ART procedures, were excluded. The literature search included PubMed, Popline, CINHAL, EMBASE and Global Index
Medicus. No restrictions were applied with regard to study design or language. Two reviewers independently screened the titles
and abstracts, and extracted data. A search for gray literature was performed using the ‘Google’ search engine and specific databases
(worldcat.org, greylit.org). In addition, the reference lists of included studies were assessed.

OUTCOMES: The search of the electronic databases yielded 3769 citations. After review of the titles and abstracts, 283 studies were in-
cluded. The full texts were reviewed and a further 199 articles were excluded. The gray literature search yielded 586 citations, most of
which were excluded after screening the title, and the remaining documents were excluded after full-text assessment due to duplicate
entries, not from LMIC, not relevant or no access to the full document. Eighty-four citations were included as part of the review and
separated into regions. The majority of the studies were observational and qualitative studies. In general, ART services are available and
described in several LMIC, ranging from advanced techniques in China to basic introduction of IVF in some African countries. Efforts to
provide affordable ART treatments are described in feasibility studies and efficacy studies; however, most citations were of low to very
low quality. We found no studies from LMIC reporting the implementation of low-cost ART that is effective, accessible and affordable to
most of those in need of the services.

WIDER IMPLICATIONS: The World Health Organization is in a unique position to provide much needed guidance for infertility man-
agement in LMIC. This review provides insight into the landscape of ART in LMIC in various regions worldwide, which will guide efforts to
improve the availability, quality, accessibility and acceptability of biomedical infertility care, including ART in these countries.

Key words: infertility / low- and middle-income countries / IVF / ART / fertility care / fertility coverage / affordable ART /

accessible ART

Introduction

The World Health Organization (WHO) defines health as ‘a state of
complete physical, mental and social well-being and not merely the ab-
sence of disease or infirmity’ (World Health Organization, 1948). In
2010, an estimated 48.5 million couples worldwide were infertile, de-
fined at that time as an inability ‘to have any live birth over a 5-year pe-
riod’” (Mascarenhas et al., 2012). The overall prevalence of infertility is
estimated at 3.5-16.7% in low- and middle-income countries (LMIC),
with the prevalence as high as 30—40% in some regions of Sub-Saharan
Africa (Ombelet, 2009; Inhorn and Patrizio, 2015). Infertility in LMIC
is more than a health problem, it is a social issue and a public health
matter that continues to be neglected (Bahamondes and Makuch,
2014).

Infertility is known to cause significant psychological and social
effects, such as fear, guilt, depression, self-blame, marital stress, emo-
tional abuse, intimate partner violence, divorce and abandonment of
the partner, social isolation, economic deprivation, loss of social status,
and in some regions (e.g. Africa and Asia) even starvation, disease,
violence-induced suicide and loss of dignity in death (Ombelet et dl.,
2008; Hammarberg and Kirkman, 2013; Stellar et al., 2016).

The most common etiologies of infertility in LMIC are male factor
and tubal disease secondary to sexually transmitted infections, unsafe
abortion and complications of childbirth (Ombelet, 2009; van der
Poel, 2012). Tubal factor infertility is reported to be as high as 85% in
Sub-Saharan Africa compared with 33% worldwide (Ombelet, 2009).
The most effective treatment is ART (Sharma et al., 2009;
Bahamondes and Makuch, 2014).

Infertility and ART are not considered a priority in many LMIC.
The most often used arguments against the use of ART are overpopu-
lation, other health priorities (e.g. family planning, vaccinations, malaria,
HIV), limited government budgets and limited experience of providers

with inadequate facilities for performing sophisticated procedures
(Ombelet and Campo, 2007). Furthermore, in some LMIC, ART is
considered to be expensive, only moderately effective, with risks of
complications and unknown effects on women and their offspring
(Ombelet and Campo, 2007). In 2008, ESHRE published a series of
monographs by experts from around the world highlighting the impor-
tance of infertility, its prevalence, access to treatment and outcomes in
developing countries (ESHRE Special Task Force on ‘Developing
Countries and Infertility’, 2008). Along with the WHO and ESHRE,
other non-governmental organizations (NGOs) are involved in initia-
tives aimed at improving access to ART in LMIC including the
American Society for Reproductive Medicine, the International
Federation of Gynecology and Obstetrics, the International Federation
of Fertility Societies and the International Committee for Monitoring
Assisted Reproductive Technologies.

Providing ART services in an LMIC requires an understanding of the
country-specific magnitude and character of the issue of infertility, as
well as identification of pre-existing resources that may be utilized
(Sharma et al., 2009; Bahamondes and Makuch, 2014). WHO is in a
unique position, with 194 member states worldwide, to assist in evalu-
ating the burden of disease by the systematic assessment of infertility
and resources available within various regions.

There is complete absence of affordable and accessible ART serv-
ices in some LMIC possibly due to high costs of IVF and underdevel-
oped infrastructure in addition to cultural, religious and legal barriers.
This deficiency has led to considerable interest by NGOs, policy
makers and ART specialists in developing more affordable IVF proto-
cols such as minimal ovarian stimulation. However, there is a paucity
of evidence and systematic reviews on the safety and efficiency profile
of low-cost ART, on the ability to replicate various techniques in differ-
ent laboratories and under various field conditions and on how to inte-
grate ART into existing health systems and infrastructures.
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This review investigated the currently available IVF services in LMIC
and potential for future development. This work will assist in unfolding
the landscape of available services and the potential for ART services
in LMIC. This is a key element in positioning infertility more broadly in
the Global Public Health Agenda of WHO. This work will also inform
future WHO guidelines concerning the provision of ART in LMIC.

Methods

This review was reported in accordance with the PRISMA and
GATHER guidelines (Moher et al., 2009; Stevens et al., 2016). The
protocol was registered on 24 April 2017 and published with
PROSPERO International prospective register of systematic reviews
(ID number: CRD42017064413). There were no amendments to the
protocol after registration.

The electronic databases searched included PubMed, Popline,
CINAHL, EMBASE and Global Index Medicus (regional WHO online
databases). Citations were collected from inception until | January
2020. An internet search was performed using ‘Google’ search engine
with the terms ‘infertility’, ‘low- and middle-income countries’ and
‘in vitro fertilization’ or ‘assisted reproductive technologies’ (limited to
results published after 2010). Similar search terms were used for gray
literature databases (worldcat.org, greylit.org). In addition, the refer-
ence lists of included studies were checked. Experts and professionals
within the field of infertility, and the members of the ESHRE Special
Interest Group Global and Socio-cultural Aspects of Infertility
(n=221) were contacted to provide information on any unpublished
papers or data on the subject of ‘ART in low- and middle-income
countries’.

Search strategies were customized for each electronic database
according to their individual subject headings and searching structure.
The search strategy used for PUBMED is available in Supplementary
data. In constructing the search terms, accepted definitions of ART
and IVF were used (Zegers-Hochschild et al., 2009; et al., 2017). LMIC
were defined according to the World Bank classification of countries
by Gross National Income per capita (low-income country (LIC) up to
$995, lower-middle-income country (lower MIC) $996 to $3895 and
upper-middle-income country (upper MIC) $3896 to $12 055)
(World Bank Country and Lending Groups). Upper MIC, which often
have ART services on par with high-income countries were labeled to
distinguish them from LIC and lower MIC. For this review, no restric-
tions were applied with regard to study design or language. Reviewers
were able to read English, French, German, Italian, Portuguese,
Spanish and Russian studies. Reports in other languages were included
and authors were asked to provide a translated version, or some of
the details of the study in English. Endnote (Version X.8) bibliographic
software was used to store the citations and remove duplicates.

For inclusion in the review, we selected citations on ART for adult
women and men of reproductive age (18-44years old) from LMIC
(experiencing reproductive difficulties or infertility). All identified cita-
tions, irrespective of language, published over the last decade from |
January 2010 to | January 2020 were assessed. The review was limited
to articles published after 2010, based on the recent evolution in the

field of ART practices in LMIC over the last decade. ART is defined as
all interventions that include the in vitro handling of both human
oocytes and sperm or of embryos for the purpose of reproduction.
This includes, but is not limited to IVF and embryo transfer, ICSI, em-
bryo biopsy, preimplantation genetic testing, assisted hatching, gamete
intrafallopian transfer, zygote intrafallopian transfer, gamete and em-
bryo cryopreservation, semen, oocyte and embryo donation, and ges-
tational carrier cycles (Zegers-Hochschild et al., 2017). This review
focused on IVF and embryo transfer procedures being performed in
LMIC over the last decade. Articles focusing solely on ICSI, specialized
ART procedures and that did not discuss IVF were excluded. The
main reason for this restriction was these advanced procedures not al-
ways being accessible or affordable to the general population in an
LMIC, where the cost of ART is estimated to be up to 50% higher
than the gross national per capita income of many LMIC (Vayena
et al., 2009).

Concerning outcomes, articles were assessed for quantitative out-
comes on the efficacy of the ART (mainly pregnancy rate or live birth
rate (LBR)), or qualitative and quantitative outcomes on feasibility. We
defined feasibility as the process in which low-cost ART are deployed,
leading to their acceptability and usability. All citations were evaluated
based on the titles and abstracts by two independent reviewers
(T.M.C. and N.V.). In the absence of sufficient data in the abstract to
assess relevance, the full text was obtained. A list of the excluded
reports is available from the authors upon request. The full-text
reports were assessed for relevance and the data extracted by two in-
dependent reviewers (T.M.C. and N.V.). A third reviewer (I.T.) was
available to resolve queries and disagreements. Attempts were made
to contact the authors to obtain missing information or clarification
whenever necessary.

The protocol for this review included assessment of risk of bias for all
individual articles. The majority of included articles did not assess quan-
titative outcomes (efficacy or others) related to a therapeutic or diag-
nostic intervention, but merely reported on feasibility (current
practice) in a narrative fashion. For studies assessing efficacy of inter-
ventions, the majority were either very small feasibility or pilot studies
(assessed as high to very high risk of bias), or they were available only
as an (conference) abstract. For the remaining interventional studies,
risk of bias was assessed with the risk of bias in non-randomized stud-
ies of interventions (ROBINs)-1 tool (Sterne et al., 2016). Risk of bias
was only assessed when the full-text paper could be retrieved. The
collected data were, as expected, highly heterogeneous. Statistical
comparison of the data was not possible due to the variable study
design and quantitative data in the included citations. The results
from included citations were collated in a descriptive fashion and
meta-analysis was not feasible.

Results

An extensive search of the databases yielded 3769 citations after
removal of duplicate entries. After review of the titles and abstracts,
283 articles were included (Fig. I). The full texts of 283 articles were
reviewed, including case reports, review papers, commentaries, gray
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Figure I. PRISMA flow diagram of included and excluded studies of the review.

literature and abstracts from conference proceedings. A further 199
citations were excluded. The gray literature search yielded 586 cita-
tions, of which 334 were excluded after screening of the title. Further
assessment of the remaining gray literature documents resulted in all
citations being excluded. Exclusion of citations was based on duplicate
entries from the database searches, not LMIC, not relevant or no ac-
cess to the full document. Of the 84 included articles, 63 citations,
mostly qualitative and observational studies, described an overall pic-
ture (efficacy, feasibility and acceptability) of ART in LMIC. These
articles were summarized into regions (Supplementary Tables SI-VI,
Fig. 2). Fourteen studies reported on the efficacy and feasibility of
cost-limiting initiatives aimed at affordable ART in LMIC (Table I). A
systematic review of literature was conducted; however, due to the
heterogeneity of the included articles, the results are collated and pre-
sented here in a narrative fashion.

East Asia and Pacific.

ART in the region of East Asia and Pacific is described as a rapidly
growing business (Wahlberg, 2016). A survey reported that in the
countries within this region for which information was collected
(China, Indonesia, Korea, Malaysia, Mongolia, Myanmar, Philippines,
Singapore, Thailand and Vietnam), IVF is available for couples, although

subsidized only in Singapore and Korea (Li et al., 2018). Nine citations
reported mostly on the current practice in China and Thailand, which
are upper MIC, and may not be representative of the practice in LMIC
within this region (Supplementary Table SI). China is depicted as having
high standards of practice and technological developments are aggres-
sively pursued (Ha, 2013). Efficacy of ART in China was described as
similar to efficacy in developed high-income European countries, such
as France and Spain (LBR per started cycle of 47% in women
<35years old from ART) (Audibert and Glass, 2015). As expected,
China with a high population is also unique in the high number of IVF
cycles, and the term ‘scaled up IVF' has been used with 145 108 live
births reported after ART in 2013 (Wahlberg, 2016). Other countries
in this region report the use of ART to a lesser extent, but there were
no articles describing the efficacy of treatments (Ye et al., 2013).

With regards to the feasibility of ART, a study from Indonesia
reported barriers to access which included low confidence in infertility
treatment, high rates of switching between providers due to treatment
failure, the number and location of clinics, the lack of a well-
established referral system, the cost of treatment and patients with
fear of receiving the diagnosis of infertility, fear of vaginal examinations
or embarrassment (Bennett et al., 2012). In Thailand, ART treatment
is considered out of reach for most average-income people. In addi-
tion, three-quarters of infertility clinics are located in urban centers,
limiting physical accessibility for rural populations (Whittaker, 2016).
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One report from China found lower cost with recombinant FSH com-
pared to highly purified FSH with similar pregnancy outcomes and LBR
between the groups (Ye et al., 2013). Concerning acceptability, it is
reported that shame and stigma have decreased over time and ART is
now an accepted way to conceive (Whittaker, 2016). Although ART
is well developed in China, it is still out of reach for most infertile cou-
ples due to an enormous demand for treatment, resulting in long wait-
ing times and costs estimated between US$5000 and US$16 000 per
IVF cycle, which is not covered by public or private insurance (Qiao
and Feng, 2014; Audibert and Glass, 2015).

Europe and Central Asia.
ART in Europe is widely studied and reported by the European IVF
Monitoring Programme. Six citations were included from LMIC, which
were all from upper MIC (Supplementary Table SlI). Large differences
still exist between the number of cycles per | million women (aged
|5-45years) in these countries, but overall there is reportedly good
access to ART services (European [VF monitoring Consortium (EIM)
for the European Society of Human Reproduction and Embryology
et al., 2017). Regarding efficacy of IVF, the data reported from LMIC
are comparable to those in other, higher income, European countries
(European IVF monitoring Consortium (EIM) for the European Society
of Human Reproduction and Embryology et al., 2017). An LBR of
17.2% per transfer was reported in Bosnia Herzegovina and 26.5% in
Serbia, both upper MIC (Balic, 201 1; Mitic et al., 2012).

With regard to the feasibility and acceptability, the costs of treat-
ment are most often discussed, along with legislative issues and regula-
tions. In Turkey, government funding is reportedly provided (up to

two IVF cycles in women aged 23-39years old) only if all other
options have been exhausted (Urman and Yakin, 2010). Turkish ART
centers are required to be licensed by the government (Aytoz, 2012).
In contrast, other countries have reported very little regulation and
ART is influenced by market forces. For example, in Bulgaria where
minimal regulation of ART is described, access and outcomes are
poor, with 10 IVF clinics and low financial support for IVF treatments
(Balabanova and Simonstein, 2010). Within Europe, a recent collabora-
tive audit between ESHRE and the patient organization Fertility Europe
demonstrated clear discrepancies in availability, accessibility and funding
support within nine selected European Union countries (2017, Fertility
Europe and European Society of Human Reproduction and
Embryology (ESHRE), 2017). Only one study reported on the attitudes
toward ART: a survey of 136 medical students, nurses and doctors in
Russia (upper MIC) reporting that 97.2% of respondents knew enough
about ART and had a positive attitude toward it (Khamoshina et dl,
2010).

Latin America and the Caribbean.

Data on the number of IVF clinics and treatment cycles are reported
in the Latin American Registry of Assisted Reproduction (REDLARA)
(Zegers-Hochschild et al., 2013, 2014, 2015, 2016). The number of
centers and countries in this region reporting data is increasing, with
I3 citations included in the review (Supplementary Table SlII).
Countries like Argentina and now Uruguay, with a consistent policy to-
ward recognizing the human right to start a family and ensuring access
to care, demonstrated the highest number of ART cycles per popula-
tion, in contrast to countries where treatment depends on the
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couple’s capacity to pay (Zegers-Hochschild et al., 2016). An IVF unit
in Jamaica reported ART outcomes similar to high-income countries
(LBR of 16.8%, comparable to 21.3% in the UK). Furthermore, the pa-
per reports that establishment of this dedicated unit has contributed
to educating the public about infertility and ART, with increasing de-
mand from infertile couples and also from less traditional families
(Pottinger et al., 2012).

More studies discussed feasibility and accessibility. Health authorities
in Brazil (upper MIC) have reported that ‘complex infertility treat-
ments’, referring to ART, are unavailable to infertile couples (Makuch
and Bahamondes, 2012). Despite this, a few public institutions are
reported to offer infertility evaluation and IVF treatment, with some
partially charging for the procedures. Access to care is limited due to
high costs, long waiting times, complex scheduling processes and lack
of political initiatives to implement more affordable ART. ART in Brazil
is reportedly mostly offered in the private medical sector at high cost
and health care services are unable to meet the growing demand for
infertility treatment (Makuch and Bahamondes, 2012; de Souza, 2014;
Corréa and Loyola, 2015). It is reported there is no specific legislation
regulating assisted conception. Political, economic and ethical chal-
lenges exist for policy makers to decide on allocation of funds for
ART, considering the universal access and free of charge nature of the
Brazilian health care system (Garcia and Bellamy, 2015). A recent
study showed among the 4275 newborns enrolled in the Pelotas
2015 Birth Cohort Study, |8 births (0.4%) were the result of ART.
Most ART was IVF (70.6%) and 90% women had double embryo
transfer. All cycles were performed in private clinics with direct
out-of-pocket payment. In 2012, the right to start a family was em-
braced by the Brazilian Unified Health System as a human right.
Since then, 12 clinics and hospitals received financial support from
the Brazilian government to provide universal access to ART serv-
ices. Most of these clinics are situated in Sao Paulo, with no clinics
reported in Northern Brazil (Silva et al, 2019). A study also
highlighted that for people living with HIV/AIDS who desire to
have a child face significant barriers to accessing ART treatment
and counseling (Rossi Ada et al., 201 1).

In some countries, until recently, laws existed prohibiting IVF. In
Costa Rica (upper MIC), the Inter-American Court of Human Rights
in 2012 ruled that the Supreme Court of Costa Rica’s judgment in
2000 prohibiting IVF violated the human right to private and family life,
the human right to found and raise a family, and the human right to
non-discrimination on grounds of disability, financial means or gender
(Zegers-Hochschild et al., 2013). On the other hand, in Brazil, the gov-
ernment launched a policy in 2012 establishing ART as a universal right
within the National Health System (Silva et al., 2019).

REDLARA estimated that Mexico (upper MIC) had the third
highest number of reported ART cycles in 2013 (Zegers-
Hochschild et al., 2016). In 2015, 52 ART centers were registered
with the Federal Commission for the Protection of Sanitary Risk
who initiated a campaign of accreditation to verify that ART clinics
are working to appropriate standards. Rather than generating a
general comprehensive law, assisted reproduction specialists, in
conjunction with representatives of government offices (e.g.
Ministry of Health), members of private and public hospitals and
NGOs are developing standards of practice for assisted reproduc-
tion services (Gonzélez-Santos, 2016).

Middle East and North Africa.

Eight citations from this region were included in the review, most from
Iran and Egypt (Supplementary Table SIV). Iran (upper MIC) is
reported as the only EMRO country in which gamete donation and
surrogacy are practiced. The role of ART has become increasingly im-
portant for the state, which views the rise in voluntary childlessness as
a national challenge and is facilitating infertility treatment for couples of
reproductive age (Tremayne and Akhondi, 2016).

Over 60 infertility clinics operate in the capital Tehran, as well as
other major cities in Iran (Tremayne and Akhondi, 2016). An ART
center in Iran quoted that 24.1% of IVF/ICSI cycles were successful
(Abutorabi et al., 2014). Infertility centers in Iran are reported to oper-
ate outside of government-financed health facilities and services are
only provided to those who can afford it. Although ART is limited by
costs in Iran, the cost is relatively lower than neighboring countries,
which encourages foreign infertile couples to travel to Iran to undergo
ART. Lack of national auditing, supervision and a registry are cited as
the major drawbacks of the quality of care of ART system in Iran
(Sadeghi, 2015; Abedini et al., 2016).

Changes to the stimulation protocols to reduce costs were reported
from a single unit in Egypt, which performed 3233 IVF and ICSI cycles
over 5years using HMG-only protocols as a practical and more afford-
able method of stimulation. The authors describe similar clinical preg-
nancy rates with a mean cost reduction of over US$600 in the HMG-
only group (Sallam et al., 2013). One report highlighted the need to
develop and implement strategies to improve the management of in-
fertility and ART in Egypt. Suggested strategies included continuous
updating of undergraduate and postgraduate education, professional
development programs and in-service training (Gibreel et al., 2015).

South Asia.

A survey from this region reported that in the countries for which in-
formation was available (Bangladesh, India, Nepal, Pakistan and Sri
Lanka), IVF is available for couples, but is not subsidized by the gov-
ernment. Oocyte donation and surrogacy are available and regulated
in India, Nepal and Sri Lanka. Of these five countries, only India
reported having a national registry for IVF activities, but it is not com-
pulsory. The typical cost per treatment cycle of IVF was US$2500 or
above in all responding countries, and |Ul varied widely among the
responding countries, from less than US$200 to more than US$2500
(Li et al., 2018). Of the || citations included in the review from this
region, most were from India (Supplementary Table SV). IVF/ICSI,
gamete donation and surrogacy are established ART practices in India
in both the public and private sectors, allowing a maximum of three
embryos per transfer (Widge and Cleland, 2011). The low cost, easy
access, availability and economical prices of IVF drugs, along with avail-
ability of surrogates and gamete donors have fueled the growth of the
ART industry in this region. Over the last decade, there has been a
progressive increase in the number of ART clinics in India with the
number of voluntary reporting IVF centers increasing. However, many
centers in India are still not registered with a regulating body and not
reporting their ART cycles (Malhotra et al., 2015).

Mishra (2013) described the drawback of the growing number of
centers (now estimated to be over 500 clinics in India) and available
treatments is that new ART therapies are often introduced directly
from the laboratory to clinical practice and (safety) data are collected
as patients are treated with new protocols. The options for infertility
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treatment in India vary from pharmacotherapy, often clomiphene cit-
rate as the initial approach for most women, to more expensive ART
options. Often patients still turn to alternative systems of medicine
and faith healing, hoping for a quick and successful outcome (Palatty
etal., 2012).

Although considered the most important barrier for ART in most
countries, the financial burden was the commonest reason for drop-
ping out of IVF cycles in India. In spite of the financial constraints, the
majority of the couples consented to the first IVF cycle, but they had
to stop treatment when repeated cycles of IVF were indicated. The
authors did not report on LBR (Kulkarni et al., 2014). Efforts have
been reported to reduce the costs of treatments (to one-third of the
cost of conventional ART) by using minimal stimulation protocols and
other cost-cutting measures in an attempt to provide more affordable
treatment (Aleyamma et al., 201 |; Olofsson et al., 2013). Mild stimula-
tion protocols in use in India have been noted to have a lower preg-
nancy rate per cycle compared to conventional IVF protocols (17.6%
versus 28.6%), although the cumulative LBR after | year of treatment
was similar (43.4% versus 44.7%) (Mahajan, 2013). Quality manage-
ment systems are being implemented in Indian ART clinics, and it is ac-
knowledged by practitioners that the critical determinants of a high-
quality IVF laboratory are the people, procedure, equipment and the
laboratory design (Olofsson et al., 2013).

In Bangladesh, 10 tertiary level infertility centers reported 16 700
new patients per year but only 5% proceeded to ART mainly due to
financial constraints (Fatima et al., 2015). Some centers in Pakistan of-
fer minimal stimulation protocols, ICSI at a reduced cost and even free
IVF in some cases to meet the demand (Shah Nawaz and Azhar,
2014). Infertility and its challenge and barriers to care can be deduced
from evidence on IUl in a survey from Pakistan: 90% of respondents
declined IUI because of religious and cultural taboos, and if they re-
ceived treatment they were not willing to disclose this to their family
(Khalid and Qureshi, 2012).

Sub-Saharan Africa.

It is reported that <1.5% of the population of Africa has access to
ART (Ombelet and Onofre, 2019). This review included 23 citations
from this region (Supplementary Table SVI). South Africa (upper MIC)
is the most developed and experienced in provision of ART, and was
previously the only country with a published data registry (South
African registry for assisted reproductive techniques, SARA) in this re-
gion (SARA report, 2014). More recently Dyer et al. (2019) published
data from the newly developed African Network and Registry for
Assisted Reproductive Technology with voluntary reporting from 40
centers in |3 countries. The Association for Fertility and Reproductive
Health of Nigeria is active as a regulatory framework and provides eth-
ical guidelines for ART (Okonta et al., 2018). We found seven studies
exploring the efficacy of ART treatments (Eluga et al., 2010; Olukoya
et al, 2012; Orhue et al., 2012; De Beer et al., 2016).

One method to increase efficacy of treatment strongly practiced in
Sub-Saharan Africa is the transfer of multiple embryos, justified as be-
ing for economic reasons and the fear of failure (Onah and Okohue,
2010; Fadare and Adeniyi, 2015). In Nigeria, the LBR has been
reported as high as 76%, but with high multiple pregnancy rates of up
to 40% (Olukoya et al., 2012). It is reported as common practice to
transfer up to five embryos at once in Nigeria, Ghana, Mali and
Uganda (Fadare and Adeniyi, 2015; Horbst, 2016; Horbst and Gerrits,

2016). Furthermore, limited storage facilities and the quality thereof
(power supply, access to liquid nitrogen), costs associated with stor-
age, religious concerns about the fate of additional embryos, and the
patient’s perspective on multiple pregnancies all support the justifica-
tion for transfer of more than two embryos in these countries (Fadare
and Adeniyi, 2015). African women reportedly wish for and do not
mind multiple gestations, the complications notwithstanding, particu-
larly when they are over 35years old with a long history of infertility
(Onah and Okohue, 2010). In contrast, in South Africa (upper MIC)
fewer embryos are transferred (up to three) as they have more expe-
rience with ART, better technical expertise and legal restrictions
(Huyser and Boyd, 2012; Fadare and Adeniyi, 2015).

ART treatments in Sub-Saharan Africa are largely similar to practices
in high-income countries. Owing to the lack of local knowledge, guide-
lines or legislation, clinicians starting an ART clinic often refer to
European/American guidelines, organize collaborations and training in
European centers, and even use second-hand equipment from
European laboratories. A recent case report showed the feasibility of
knowledge transfer from high- to low-income settings in the set-up of
a fertility clinic in Zimbabwe, resulting in safe and affordable ART with
successful outcomes (Hammarberg et al., 2018). Nevertheless, local
practices are also implemented, such as extended bed rest and hospi-
talization in Ghana after embryo transfers (Gerrits, 2016), and egg
sharing to reduce costs for patients (Horbst, 2016).

Regarding feasibility and accessibility, most studies focused on costs,
accessibility of clinics/services, public awareness and acceptability of
treatment. There were no reports of state-funded ART treatments in
this region, but affordable ART services have been introduced in some
countries (South Africa, Uganda and Nigeria) (Eluga et al, 2010;
Orhue et al., 2012; De Beer et al., 2016). Such affordable alternatives
are reported to have an out-of-pocket cost of around US$200 per IVF
cycle (Eluga et al, 2010), while other studies quoted costs of up to
US$2700 per IVF cycle in Ghana, up to US$4500 in Kenya and up to
US$10 000 in Nigeria (Fadare and Adeniyi, 2015; Gerrits, 2016;
Ndegwa, 2016). These costs are to be seen in relation to the national
monthly minimum wage, which is approximately US$110 in Nigeria
(Fadare and Adeniyi, 2015). One in five couples (22%) in South Africa
(upper MIC) incurred catastrophic expenditure, defined as an out-of-
pocket cost >40% of annual non-food expenditure, and reported cop-
ing by reducing expenditure on clothing and food, using of savings, bor-
rowing money and taking on extra work (Dyer et al., 2013). Almost
4years after ART, couples had not recovered financially from the
treatment (Dyer et al., 2017). Costs are considered to be a factor in
the low utilization rates of ART services (Omokanye et al., 2017;
Botha et al, 2018; Dyer et al, 2019; Ombelet and Onofre, 2019).
The accessibility of clinics is another barrier to ART treatment for
patients, with only a few clinics reported in Kenya (Murage et dl.,
2011). Transnational ART is becoming common, with people crossing
borders to access treatment in South Africa and Ghana (Gerrits,
2016).

Public awareness and acceptability of ART treatments were studied
by surveys in Nigeria, which reported several cultural concerns (e.g. le-
gitimacy of children born, patriarchy, polygyny and value of children)
and ethical issues (e.g. decision-making about the use of technologies,
discrimination against children born, psychological problems and loss
of self-esteem, side effects and costs) related to ART. These issues
are largely dependent on the local context (urban and rural) and
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religion (Catholic, Muslim, Anglican and traditional religions) (Fabamwo
and Akinola, 2013; lliyasu et al., 2013; Bello et al., 2014; Menuba et dl.,
2014; Fadare and Adeniyi, 2015; Omokanye et al., 2017; Botha et dl.,
2018; Dyer et dal., 2019; Ombelet and Onofre, 2019). We found no
studies exploring the acceptability of ART treatment in other African
countries.

Several options for lowering the cost of ART have been described in
|4 citations and compared to conventional ART, although mostly in
small feasibility trials or pilot studies (Table I).

In India, low-cost ART was evaluated in 143 carefully selected
patients. A mild stimulation protocol with several cost-cutting meas-
ures (e.g. eliminating superfluous investigations), resulted in an LBR per
started cycle of 14%, at an average direct cost of US$675 for IVF
(Aleyamma et al., 2011). In South Africa, a clinical pregnancy rate of
16.3% per embryo transfer was reported with a low-cost protocol
(mild ovarian stimulation, optimum utilization of trained personnel and
adapted laboratory procedures) (conference abstract) (De Beer et dl.,
2016). In another study, low-cost ART using minimal ovarian stimula-
tion, the local laboratory and a locally trained embryologist was
assessed in |5 patients in Uganda. All patients proceeded to oocyte
retrieval, but pregnancy outcomes were not reported (conference ab-
stract) (Eluga et al., 2010).

Minimal stimulation compared to conventional stimulation was
assessed in Turkey (upper MIC) and showed that minimal stimulation
resulted in similar clinical pregnancy rates while being more cost effec-
tive (Ozérnek et al., 2013). A study comparing two minimal stimula-
tion protocols in normal responders with tubal factor infertility
reported improved outcomes with clomiphene citrate as compared to
letrozole, and concluded that such stimulation is feasible in the Indian
context (Nagulapally et al., 2012). Other studies evaluated minor
changes to the stimulation drugs to reduce costs. In India, women un-
dergoing treatment for severe male factor infertility with letrozole re-
duced the total dose of GnRH agonist required, and reduced the cost
by 34% while pregnancy rates were comparable with conventional
GnRH agonist protocols (Mukherjee et al., 2012). A randomized con-
trolled trial from Pakistan, only accessible as an abstract, compared
stimulation with aromatase inhibitors, gonadotrophins and indometha-
cin to standard stimulation with GnRH analogs and reported similar
pregnancy and LBR (Shah Nawaz and Azhar, 2014).

In addition to minimal stimulation protocols and changes in stimula-
tion drugs, novel simplified culture systems have been tested. A study
from Colombia assessed the INVOcell® device for intravaginal culture.
A mean of 4.2 oocytes was inseminated and cultured in the
INVOcell® device, resulting in, on average, 2.6 embryos and a clinical
pregnancy rate of 40% per cycle (Lucena et al., 2013). In another study
from the same research group, good quality embryos, higher implanta-
tion and pregnancy rates were obtained using INVOcell® compared to
conventional IVF/ICSI (Navarro-Carbonell et al., 2012; Lucena et dl.,
2013). A case report from Pakistan reported that using intravaginal cul-
ture with the INVOcell® device was successful and accep to the pa-
tient (Khan et al., 2013).

International initiatives have been focusing on bringing ART to low-
resource settings. The Walking Egg project aims to reach the goal of

‘global access to infertility care’ (Dhont, 201 1). As part of the project,
feasibility and pilot studies on low-cost ART have been published. In a
prospective non-inferiority study, IVF with the simplified culture sys-
tem, without the need for specialized medical-grade gases or equip-
ment, was evaluated against the routine culture system in 40 patients,
of whom 35 reached embryo transfer (Day 3). Fertilization rates,
cleavage rates and clinical pregnancy rates (8/12 with simplified versus
2/12 with standard culture) were similar (Van Blerkom et al., 2014).
In a next step, a feasibility study of the simplified (t)WE lab system, a
closed [same tube] system for fertilization and development until Day
3, resulted in three pregnancies and four live births (Ombelet et al.,
2014). All these studies were performed in Belgium. Recently, the
same research group published a study on how to implement these
systems in low-resource settings (Ombelet and Goossens, 2016), and
they reported the birth of the first baby in Ghana (Ombelet and
Onofre, 2019).

Other studies have assessed the efficacy and feasibility of improve-
ments to the ART clinic organization. Batching treatment cycles is
used in Nigeria as a method of reducing the costs, with a clinical preg-
nancy rate of 30% per embryo transfer (Orhue et al., 2012). An inten-
sive course with training in hystero-contrast-sonography and one-step
IUl was a possible tool as a first step to introduce basic infertility care
into resource-poor settings, like Eritrea, before advancing to ART
(Gnoth et al., 2013). Despite these studies and efforts, most of the ini-
tiatives come from high-income countries, and are still not immediately
transferable to all LMIC settings (Bahamondes and Makuch, 2014).

Risk of bias of individual studies is recorded in |. We found 14 studies
focusing on efficacy, feasibility and acceptability of more affordable
ART options, of which two provided indirect evidence (moderate risk
of bias) as they were conducted as pilot studies in high-income coun-
tries (Ombelet et al., 2014; Van Blerkom et al., 2014). Of the remain-
ing 12 studies, five could be accessed as a (conference) abstract only
(Eluga et al., 2010; Nagulapally et al., 2012; Ozdrnek et al., 2013; Shah
Nawaz and Azhar, 2014; De Beer et al., 2016), three were scored as
at critical risk of bias (Gnoth et al., 2013; Khan et al, 2013; Lucena
et al.,, 2013), two at serious risk (Aleyamma et al., 201 |; Orhue et al.,
2012) and two at moderate risk of bias (Mukherjee et al., 2012;
Navarro-Carbonell et al., 2012).

Discussion

The primary aim of this review was to establish the availability of IVF
and other ART services in LMIC, focusing on accessibility, efficacy, fea-
sibility and acceptability. In addition, we summarized citations on the
currently available affordable ART services or cost-reducing interven-
tions. While performing the review, it was evident from many studies
that high-cost ART treatments are being offered in LMIC, often in pri-
vate clinics and with the aim of providing ART access to the more
economically affluent population. Such ART treatments are not acces-
sible to the low- and middle-income people living in urban areas, as
the cost is estimated to be up to 50% higher than the gross national
per capita income in many LMIC (Vayena et al, 2009). Affordable
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ART was considered to be ART that is not cost prohibitive and is ac-
cessible to the general population of an LMIC.

There were recurring themes among the citations reviewed.
Reports included national data with regard to number of clinics, suc-
cess rates, costs and drawbacks being faced. Several of the included
studies discussed suggestions for increasing access, availability and ac-
ceptability of ART within a country. Finally, studies also reported on
attitudes toward infertility and ART and a shift in perception that can
be made through education of health care providers, patients and
communities (Vayena et al., 2009).

Very few papers were found specifically discussing low-cost ART
options and most were small feasibility studies or pilot studies per-
formed in developed countries rather than large-scale evaluations of
the efficacy, safety and feasibility of these treatments in LMIC.
Affordable ART initiatives include the Walking Egg project and the
INVOcel® device. These projects are integral in bringing adapted ART
services to LMIC, but they should be evaluated through robust re-
search for efficacy and safety, and further adapted to the local infra-
structure. Recommendations on how to establish an ART center in a
low-resource setting have been published to improve access (Cooke
et al., 2008).

When bringing ART to LMIC, the variation in the etiology of infertil-
ity should be taken into consideration. Male infertility is more common
in some regions and is managed using various ART (for instance sperm
extraction along with ICSI), or IUl. However, local culture and stigma
in some regions prevents the man of the infertile couple undergoing
fertility testing, which significantly affects the female partner, but may
also influence availability and research on treatments for male factor in-
fertility (Agarwal et al, 2015). Secondary infertility, often following
unsafe abortions and complications at childbirth, is also frequently
reported in some LMIC and infertility management should include pre-
ventative measures in addition to implementing more affordable ART
strategies.

In addition to the varying composition of infertile populations in
LMIC, the differences in settings between countries and regions are
significant. LMIC is too wide a category to assess and summarize fertil-
ity treatments appropriately. There was a vast difference between
ART offered in low-income countries and lower MIC, compared to
upper MIC. The upper MIC, such as China, implement new cutting
edge treatments and technologies aggressively without technical
restrictions (Ha, 2013), while at the other end of the spectrum, low-
income countries struggle to introduce fertility assessment and low-
cost options (Gnoth et al., 2013). The need for ART regulating bodies
within countries and regions was universally reported by the studies.

Another aspect of ART in LMIC that raises concern is cross-border
reproductive care, where possibly as a consequence of the lack of
ART legislation, private clinics offer high-quality ART procedures to
foreign infertile couples at a high cost (Abedini et al., 2016). Cross-
border reproductive care could be beneficial to local residents as it
boosts the economy, as well as bringing resources, technologies and
treatments to their country (Sadeghi, 2015). However, the local inhab-
itants are generally not able to afford the same treatments and are
rarely offered cost-saving opportunities such as egg sharing. Young
women have the potential to be exploited as egg donors or surrogates
for wealthy foreigners.

While performing the review, it was noted that there is basic sci-
ence and clinical research occurring in LMIC, which is helping to inform

and improve outcomes in ART worldwide. In addition, national and
regional registries are attempting to collect data on ART treatments,
with some success in Latin America and Africa (Zegers-Hochschild
et al, 2013; SARA report, 2014; Zegers-Hochschild et al., 2014; et al.,
2015; et al., 2016). More rigorous data reporting, collection and verifi-
cation are needed from LMIC to enable a meta-analysis in the future
(Kushnir et al., 2017).

In conclusion, the results of this review demonstrate some degree
of availability of IVF and other ART services in LMIC but highlight a
need for the development of more affordable and accessible ART
overall. Infertility continues to be a global health problem that is still
not being adequately addressed worldwide. This review was per-
formed to inform the WHO guidelines and to consider ART services
as an important strategy in the management of men and women with
infertility in LMIC. These guidelines will hopefully assist policy makers
in including the management of infertility, including IVF and other ART
services, in the reproductive health agenda and hence to improve
overall access to reproductive care in LMIC.

Health care systems and populations largely vary among different
countries, even within the same geographic region, and information on
these variations is not readily available. In addition to this regional vari-
ation, the availability, heterogeneity and quality of studies largely influ-
enced the conclusions to be drawn for the different regions. The
heterogeneity of studies and reports can also be attributed to the less
restrictive inclusion criteria for outcomes, which were set as such to
increase the sensitivity of the search strategy.

Regarding the options for affordable ART in LMIC, the most signifi-
cant limitation was the lack of high-quality studies. Of the 14 studies
included in the section ‘Cost limiting initiatives aiming at affordable
ART’, only four were of moderate risk of bias, of which two provided
indirect evidence. Although attempts were made to contact authors
and to find the published trials of references included as an abstract,
we may have missed valuable data from studies not available in the in-
cluded databases or retrievable through the English search terms and
unpublished data.

Supplementary data

Supplementary data are available at Human Reproduction Update
online.
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