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ARTICLE INFO ABSTRACT

Keywords: Donor sperm is widely used in infertility treatments. The purpose of the study was to investigate, whether use of
Donor insemination donor sperm in intrauterine insemination (IUI) or in vitro fertilization (IVF) or intracytoplasmic sperm injection
Donml— sperm (ICSI) treatments affect maternal and perinatal risks compared with spontaneously conceived pregnancies or use
Preeclampsia of partner sperm in IUI, IVF or ICSI. We provide a systematic review and meta-analyses on the most clinically

Hypertensive disorders of pregnancy

. relevant obstetric and perinatal outcomes after use of donor sperm compared with partner sperm: hypertensive
Perinatal outcome

disorders of pregnancy, preeclampsia, low birth weight, and preterm birth. Our meta-analyses showed an
increased risk for preeclampsia (pooled adjusted odds ratio (aOR) 1.77, 95% CI 1.26-2.48) and hypertensive
disorders of pregnancy (pooled aOR 1.55, 95%, CI 1.20-2.00) in pregnancies resulting from IUI with donor
sperm compared with IUI with partner sperm. No increased risk was seen for low birth weight or preterm birth
after the use of donor sperm in IUI compared with the use of partner sperm in IUI. Subgroup analysis for sin-
gletons only did not change these results. The meta-analysis on low birth weight showed a lower risk after in IVF
with donor sperm compared with IVF with partner sperm (pooled aOR 0.89, 95% CI 0.83-0.94). For hypertensive
disorders of pregnancy, preeclampsia and preterm birth, no difference was found between IVF with donor sperm
vs. partner sperm. Patients need to be informed about the moderately increased risk of hypertensive disorders of
pregnancy and preeclampsia in pregnancies after IUI with donor sperm.

Abbreviations: 1U], intrauterine insemination; IUI-D, intrauterine insemination with donor sperm; IUI-H, intrauterine insemination with partner sperm; IVF, in
vitro fertilization; IVF-D, IVF treatment using donor sperm; IVF-H, IVF treatment using partner sperm; ICSI-D, intracytoplasmic sperm injection with donor sperm;
ICSI-H, intracytoplasmic sperm injection with partner sperm; SC, spontaneously conceived; PE, preeclampsia; HDP, hypertensive disorders of pregnancy; PIH,
pregnancy-induced hypertension; OS, ovarian stimulation; aOR, adjusted odds ratio; aRR, adjusted risk ratio LBW, low birth weight; VLBW, very low birth weight;
HBW, high birth weight; SGA, small for gestational age; LGA, large for gestational age; PTB, preterm birth; M/F ratio, male to female ratio, sex ratio.
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Introduction

Intrauterine insemination with donor sperm (IUI-D) became widely
used and socially acceptable in the mid part of the 20th century,
although the first IUI-D took place already in 1884 [1]. In the 1990s,
after the intracytoplasmic sperm injection (ICSI) technique was intro-
duced, a growing proportion of men had a chance of producing
offspring, if at least some spermatozoa were available for treatment.
Still, in some cases, treatment using donor sperm is the only alternative
for severe male factor infertility. New and growing patient groups for
IUI-D are same sex female couples and single women seeking infertility
treatment [2-5]. Unlike couples with infertility, these women are usu-
ally fertile and have good reproductive health [3]. The trend for all
patient groups is delayed parenthood (to an older age)[6]. This inevi-
tably leads to increased maternal risks in pregnancy because of the age
factor per se [7-9] and because of underlying chronic diseases, such as
chronic hypertension [10]. In vitro fertilization (IVF) using donor sperm
(IVF-D) is a treatment option for couples with male factor infertility
when IUI-D treatment fails, or when there is a female factor present, e.g.
a tubal factor, severe endometriosis, or increased age of the woman.

Over the years, increasing evidence of a higher risk of preeclampsia
(PE) in pregnancies after use of donor sperm has arisen [11-14]. Hy-
pertensive disorders of pregnancy (HDP) and PE are not only associated
with adverse maternal and fetal short-term outcomes [15] but also with
increased morbidity and mortality in later life of the mother [16] and the
child [17]. Interestingly, a recent study on adults born after conception
with donor sperm reported poorer long-term health outcomes (diabetes,
thyroid disease, environmental allergies and sleep apnoea) [18].

Objectives and rationale

Systematic reviews on the use of donor sperm and obstetric and
perinatal outcomes are scarce [11,19-21]. Most earlier studies have
compared IUI-D pregnancies with use of partner sperm in IUI (IUI-H) or
spontaneously conceived (SC) pregnancies, and only a few studies have
reported data on IVF-D pregnancies compared with use of partner sperm
in IVF (IVF-H). Additionally, the study populations have changed over
time compared with earlier decades because of increasing childbearing
age [5,22,23] and consequently increasing risks for morbidity among
these women. Moreover, the use of donor sperm is increasing, due to use
for same sex female couples and single women.

This systematic review and meta-analysis aim to assess the risk of
HDP and, PE, as well as perinatal outcomes in both IUI-D and IVF-D
cycles compared with IUI-H, IVF/ICSI-H and SC pregnancies.

Methods

We used the Prisma Statement guideline checklist for systematic
reviews (Prisma guidelines). Eligibility criteria were: English language,
publication date 1946 - December 2020. The last literature search was
performed on December 18, 2020. Systematic reviews with meta-
analyses, randomized controlled trials (RCTs) and non-randomized
cohort studies were included. All studies with suitable control groups
were included without limiting cohort size. Studies published only as
abstracts, case series as well as systematic reviews without meta-
analyses were excluded (Table S1).

We searched Ovid Medline, Ovid EBM (incl. Cochrane), Scopus, Web
of Science, and Pubmed (Medline) for medical subject headings (MeSH-
terms) as well as text words related to use of donor sperm in different
types of infertility treatments (IUI or IVF or ICSI) and obstetric and
perinatal complications (Supplementary Fig. S1). The main outcomes
were HDP (including PE, gestational hypertension or pregnancy induced
hypertension (PIH)), low birth weight (LBW, defined as birth weight <
2500 g), preterm birth (PTB, defined as birth before 37 gestational
weeks + 0 days), fetal sex ratio and birth defects. Several studies re-
ported gestational hypertension as PIH. Screening by reading abstracts
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was carried out by three authors (E.-M.P., V.S.-A. and H.L.). Every re-
cord was screened by at least two authors, the majority was screened by
all three. We excluded studies that had pooled different treatment mo-
dalities in one cohort group, for example IUI-D and IVF-D taken together
and compared with IVF-D. Studies on double donation, i.e. donation of
both oocytes and sperm were also excluded, to avoid bias from the ob-
stetric and perinatal risks in oocyte donation [24] (Supplementary
Table S1).

Data collection was performed with pre-designed, structured tables
by E.-M.P, V.S.-A. and H.L. Quality assessment was carried out with a
grading system for precision and directness and with Robins-I tool [25]
for the risk of bias (Supplementary Table S2). All quality assessments
were carried out by at least two authors (E.-M.P, V.S.-A. and H.L.).

Grading of Recommendations Assessment, Development and Evalu-
ation (GRADE) system was used for evaluating certainty of evidence
[26]. The GRADE system evaluates study design, limitations, consis-
tency, directness, precision, publication bias and effect. Certainty levels
were high, moderate, low, very low. Certainty levels correlated with
how confident evaluators are on the effect estimates of studies. Adjusted
odds ratios (aORs) and adjusted risk ratios (aRRs) were used if they were
reported in the included studies. Adjustments are specified in the
outcome tables, but as adjustments differ between studies, the RRs are
not directly comparable. If studies did not report ORs/RRs, they were
calculated prior to meta-analyses, when sufficient data for this could be
collected (e.g. case numbers, size of groups). If this was not possible,
studies were left out from the meta-analyses, but included in the text.

We conducted meta-analyses on four key outcomes: PE, HDP, LBW,
and PTB. Separate analyses were made comparing IUI-D with either IUI-
H or SC pregnancies as well as IVF-D with IVF-H. We conducted separate
meta-analyses for studies presenting singleton data, and studies pre-
senting data for the whole treatment population, including multiple
pregnancies. For all the meta-analyses, a random effect model was
applied using the method of DerSimonian and Laird, with the estimate of
heterogeneity being taken from the inverse-variance fixed-effect model.
Stata 17.0 software was used.

Results

After duplicates were removed, 1928 records were eligible for
screening (Fig. 1 Prisma flow chart). Altogether, 72 full-text articles
were assessed and after exclusion, 24 were included in qualitative syn-
thesis (Table 1). No RCTs were identified.

Hypertensive disorders of pregnancy

We included ten original studies and two systematic reviews on hy-
pertensive outcomes after use of donor sperm with results outlined in
Table 2. Quality assessment of the included studies is shown in Sup-
plementary Table S2. Nine out of 10 studies were assessed having low or
moderate risk of bias. These studies were adjusting for factors such as
maternal age, parity, number of fetuses, pre-existing hypertension, and
gestational diabetes.

Earlier systematic reviews and meta-analyses

In a systematic review, Gonzalez-Comadran et al. (2014) reported an
increased risk of PE (OR 1.63, 95%CI 1.36-1.95) but not of gestational
hypertension in the donor sperm pregnancies compared with those of
partner sperm [19]. However, IUI-D/IVF-D pregnancies were pooled in
the study group and IUI-H/IVF-H pregnancies in the control group. A
recent meta-analysis reported an increase of PE (RR 1.49; 95 % CI
1.05-2.09) and HDP (RR 1.44; 95 % CI 1.17-1.78) after use of donor
sperm compared with partner sperm, however also after pooling IUI-D
and IVF-D pregnancies in the study group and IUI-H and IVF-H preg-
nancies in the control group [11]. In a subgroup analysis for IUI-D vs IUI-
H, the increased risk for HDP persisted (RR 1.42, 95%CI 1.09-1.84) [11]
(Table 2).
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Fig. 1. Prisma flow chart.

IUI-D vs IUI-H

Three studies were included in our meta-analysis on PE, and four
studies in the meta-analysis for HDP. The risk for PE was significantly
higher in IUI-D vs IUI-H, (pooled OR 1.77, 95% CI 1.26-2.48) (Fig. 2a).
The risk for HDP was also increased in IUI-D compared with IUI-H,
(pooled OR 1.55, 95% CI 1.20-2.00) (Fig. 3a). The risk of bias was
low in two studies and moderate in two studies. The number of included
patients in the individual studies ranged from 29 to 1881. One study
included singletons only while the other three adjusted for singletons,
which however did not change the results (Supplementary Fig. S2,4).

IUI-D vs SC pregnancies

Two studies were included in the meta-analysis on PE, and five
studies in the meta-analysis on HDP comparing IUI-D and SC pregnan-
cies. After IUI-D there was an increased risk for PE (pooled OR 1.40, 95%
CI 1.15-1.71) (Fig. 2b) as well as for HDP (pooled OR 1.56, 95% CI
1.29-1.88) (Fig. 3b) compared with SC pregnancies. The risk of bias was
low in two studies, moderate in two studies, and serious in one study.
The number of patients in the IUI-D group in the studies varied from 35
to 1881. Data on singletons were provided in three studies, one study
adjusted for singletons and one study did not adjust, and stated, that the
IUI-D group had more multiple pregnancies (Table 2). Our meta-analysis
on HDP with studies providing singleton data or with adjustment for
singletons showed an increased risk in the IUI-D group (pooled OR 1.63,
95%CI 1.20-2.20) (Supplementary Fig. 5).

IVF/ICSI-D vs IVF/ICSI-H

Two large register studies were included in the meta-analysis for
HDP (Fig. 3c). No increased risk for HDP after IVF-D treatment was seen
(pooled OR 1.05, 95%CI 0.78 — 1.40). The risk of bias was moderate in
both studies. Both studies included only singletons and adjusted for
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numerous confounding factors. Furthermore, Kennedy et al. (2019) re-
ported no increased risk for HDP in multigravidas using sperm from a
new donor (aOR 1.18; 95% CI: 0.69-2.04) [27]. No studies providing PE
data after IVF/ICSI-D were identified.

Conclusions: IUI-D is probably associated with a moderately
increased risk of PE and HDP, moderate certainty of evidence (GRADE &
@® @ 0).

There may be little or no difference in the risk of HDP between IVE/
ICSI-D and IVF/ICSI-H, low certainty of evidence (GRADE &@00).

Perinatal outcomes

We included 18 original studies and two systematic reviews report-
ing on perinatal outcomes after the use of donor sperm. Among these
studies, 11 compared IUI-D with either IUI-H or SC pregnancies. Seven
studies compared IVF-D with IVF-H (Table 1). Twelve of 18 studies
reporting perinatal outcomes were assessed having low to moderate risk
of bias. The others were assessed having either a serious risk of bias or
other shortcomings in quality, e.g. low precision. In general, all the large
register studies had adequate sample sizes and included comparison
groups, and the risk of bias was either low or moderate (Supplementary
Table S2).

Earlier systematic reviews and meta-analyses

Three systematic reviews and meta-analyses were identified on
donor sperm and perinatal outcomes [11,20,21].

Regarding LWB and IUI-D, Adams et al. (2017) found no increased
risk in their meta-analyses of two studies [20]. However, after updating
their meta-analysis with three additional studies, the risk of LBW was
slightly increased between children born after IUI-D and those born after
SC (RR 1.17, 95%CI 1.03-1.33) [21]. Allen et al. (2021) found an
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Included studies.

European Journal of Obstetrics & Gynecology and Reproductive Biology 274 (2022) 210-228

Author, year, Study design Study Exposure Patients Comment Outcome variables
country Population duration (n)
(years)
Systematic reviews
Adams 2017 systematic studies IUI-D vs SC varied according to outcome, LBW, PTB, birth defects
(update review + meta- published /IUI-H range 1638-5358 in IUI-D
2018), analysis before 2018 group, 8068 — 637 843 in SC/
Australia IUI-H group
Allen 2021, UK systematic studies IUI-D/ IVF/ varied according to outcome, Hypertensive disorders, PE, PTB, BW,
review + meta- published ICSI-D vs range 60 — 23 929 in IUI-D/IVF- congenital anomaly, SGA, LGA, ectopic
analysis before 2019 IUI-H/ IVE/ D/ICSI-D group, 7668 — 5 229 pregnancy, miscarriage, GDM, placental
ICSI-H/ SC 762 in IUI-H/IVF-H/ICSI-H/ SC abruption, placenta praevia, stillbirth,
group neonatal death
Gonzales- systematic studies IUI-D/ IVE/ 10 898 women (2342 IUI-D/ PE and PIH
Comadran review + meta- published ICSI-D vs IVF/ICSI-D, 8556 IUI-H/ IVE/
2014, Spain analysis before 2014 IUI-H/ IVE/ ICSI-H)
ICSI-H/ SC
Donor insemination (IUI-D)
Adams 2017, cohort, register 1986-2002 IUI-D vs SC 476 IUI-D, 297 280 spontaneous LBW, gestational age, SGA, LGA
Australia study conceptions, live births
Chen 2018, cohort 2012-2015 IUI-D vs IUI- 173 IUI-D pregnancies, 304 IUI- Sex, gestational age, PTB, LBW, BW, birth
China H H pregnancies defects
Davies, 2012 cohort, register 1986-2004 IUI-D vs SC 428 IUI-D pregnancies, 302 811 Birth defects
Australia study SC pregnancies
Gaudoin 2003, cohort 1993-1997 IUI-D vs IUI- 35 IUI-D, 97 IUI-H, 109 311 LBW, PTB, PE
Scotland Hvs SC (national cohort) births
Hoy 1999, cohort 1982-1995 IUI-D vs SC 1552 IUI-D, 7717 SC PE, sex, PTB, LBW, birth defects, PD
Australia pregnancies
Huang 2016, cohort 2006-2012 IUI-D vs SC 1623 IUI-D-infants vs 1018 SC Sex ratio, BW, multiple births, birth
China infants defects.
Kyrou 2010, Cohort 1999-2006 IUI-D vs IUI- 438 IUI-D, 275 IUI-H births PE
Belgium H
Lansac 1997, cohort 1987-1994 IUI-D and 18,128 IUI-D infants, 3405 IVF- Comparison of Malformations, LBW, PTB
France IVF-D vs SC D infants malformations to
national register
(13,631 children)
Malchau 2014, cohort (Danish 2007-2012 TUI-D vs IUI- 1881 singletons (IUI-D), 4228 PTB, LBW, SGA, LGA.
Denmark national register) H, IVF, ICS], singletons (IUI-H) 229 749 Hypertensive disorders.
sC (sC)
Salha 1999, UK cohort TUI-D vs IUI- 33 IUI-D, 33 IUI-H PE, PIH
H
Smith, 1997, cohort IUI-D vs IUI- 37 IUI-D, 44 IUI-H PE
Canada H
Varma 1987, cohort 1983-1985 IUI-D vs SC 72 (IUI-D), 7893 (SC) PIH, PTB, birth weight, malformations,
UK (prospective) pregnancies sex ratio
Yan 2011 cohort (Birth 2004-2008 TUI-D vs IUI- 1572 IUI-D infants, 873 IUI-H Birth defects and anomalies
China defect register) H infants
Zhou 2018, cohort 2013-2015 IUI-D vs IUI- 1899 IUI-H deliveries vs 808 PTB, post term in IUI group, birth defects
China H IUI-D deliveries (in a 3-year
period).
IVF using donor sperm (IVF-D)
Castillo 2019, cohort 1991-2015 IVF/ICSI-D 68 IVE/ICSI-D live singleton Birth weight, gestational age
UK vs IVF/ICSI- births, 2712 IVE/ICSI-H live
H singleton births
Gerkowicz cohort 2010-2014 IVF/ICSI-D 6318 IVF/ICSI-D live births, 134 PTB, LBW
2018, USA vs IVE/ICSI- 592 IVE/ICSI-H live births
H
Kamath 2018, cohort. 1999-2011 IVE/ICSI-D 4523 IVF/ICSI-D singleton live PTB, LBW, post-term birth
UK vs IVE/ICSI- births, 91 264 IVE/ICSI-H
H singleton live birth
Kennedy 2019, cohort 2009-2017 IVF/ICSI- D 1435 IVF-ICSI-D vs 13 191 IVF- PE, HDP, fetal growth restriction
Australia vs IVF/ICSI-  H/ICSI-H singleton births
H
Luke 2016, cohort study, 2004-2008 IVF/ICSI-D 283 IVF/ICSI-D live births, 8948 Pregnancy hypertension, gestational age,
USA (MOSART) vs IVF/ICSI-  IVF/ICSI-H live births PTB, LBW, SGA, LGA, birth defects.
register study H
Thapar 2007, cohort before 2007 IVF-D vs 170 IVF-D births, 378 IVF-H HDP, LBW
UK IVF-H births
Yu 2018, USA cohort, register 2012-2013 IVF/ICSI-D 2123 IVF-D, 42 799 IVF-H, first BW, PTB
study vs IVF/ICSI-  cycles, fresh cycles
H

IUI-D = intrauterine insemination with donor sperm (AID), IUI = intrauterine insemination with partner sperm (AIH), IVF-D = IVF treatment using donor sperm, IVF-
H = IVF treatment using partner sperm, ICSI = intracytoplasmic sperm injection, ET = embryo transfer, SC = spontaneously conceived pregnancies, GA = gestational
age, SGA = small for gestational age, LGA = large for gestational age, PTB = preterm birth, BW = birth weight, LBW = low birth weight, VLBW = very low birth weight,
HBW = high birth weight, VHBW = very high birth weight, M/F ratio = male to female ratio, gender ratio, PE = preeclampsia, PIH = pregnancy-induced hypertension,
HDP = hypertensive disorders in pregnancy, GDM = gestational diabetes mellitus, BMI = body mass index, ToP = termination of pregnancy.

213



E.-M. Pohjonen et al.

European Journal of Obstetrics & Gynecology and Reproductive Biology 274 (2022) 210-228

Table 2
Outcomes: hypertension.
Author, Study design Cases Outcomes (risk estimates)  Reference group Adjustments, comments Risk of Directness  Precision
year, bias
country
Hypertensive disorders
Systematic reviews and meta-analyses n = 2
Gonzalez- systematic Pre-eclampsia: Primary outcome IUI-H, IVF/ICSI-H 7 studies in PE analysis
Comadran review and 212 preeclampsia: OR 1.63 and SC 4 studies in gestational
Spain, meta-analysis Gestational (95% CI 1.36-1.95) pregnancies in the  hypertension analysis
2014 hypertension: Secondary outcome same control
11 gestational hypertension: group
OR 0.94
(95% CI 0.43-2.03)
Allen 2021, Systematic Combined Meta-analysis including IUI-H, IVF/ICSI-H,
UK review and hypertensive all treatment modalities: SC pregnancies
meta-analysis disorders: Combined HDP RR 1.44
456 (95% CI1.17-1.78),PERR
PE: 1.49
211 (95% CI 1.05-2.09),PIH
PIH: 83 RR 1.24
(95%CI 0.87-1.76)
Subgroup meta-analysis
comparing IUI-D vs IUL:PE
RR 1.55
(95% CI 1.01-2.39)
Subgroup meta-analysis
comparing IUI-D vs SC:PE
RR 1.62
(95%CI 1.35-1.96)
Hypertensive disorders
Original articles n = 10
IUI-D vs IUI-H / spontaneously conceived pregnancies.
Adams 2017, cohort PIH Occurrence of PIH (HDP) neonates (live Included multiple pregnancies. Low Good Good
Australia n =476 64 was significantly elevated  births and still Subanalysis for singletons only
(SAPSC among donor-conceived births, SC
register study) singleton deliveries. Data pregnancies in
not shown in article but p  general
= 0.007 population)
Gaudoin Cohort, Case numbers Preeclampsia: SC pregnancies All singletons, primigravida. Moderate  Fair Fair
2003, n=35 not given IUI-D: 8.6% (national cohort) Ovarian stimulation for all IUI-
Scotland SC: 6.2%0R 1.41 D patients
(95% CI 0.43 - 4.63)
Hoy 1999, cohort 131 Preeclampsia: SC pregnancies Included multiple pregnancies. = Moderate  Good Good
Australia n = 1552 IUI-D: 8.4% (general Adjusted for maternal age,
SC: 5.2%aOR 1.4, population) parity, multiple birth,
(95% CI 1.2-1.8) presentation
Kyrou 2010, cohort 48 Preeclampsia: IUI-H pregnancies multiple pregnancies included. = Moderate ~ Good Good
Belgium n =438 IUI-D: 10.9% Primary infertility, no known
IUI-H: 7.2%difference medical disorders, age < 40
3.7%, years
(95% CI —0.8-7.8) Adjusting for type of sperm,
cycle number, number of
babies
Malchau national 140 Hypertensive disorders IUI-H and SC All singletons Low Good Good
2014, cohort study IUI-D: 7.4% pregnancies
Denmark n = 1881 SC: 3.7%7.4 % vs 3.7%, p
< 0.001
Salha 1999, cohort All hypertensive ~ Hypertension: IUI-H pregnancies Included multiple pregnancies. = Moderate  Fair Fair
UK n=33 9 IUI-D: 27,3% control group (IUI) received
PE 6 IUI-H: 3% OS with FSH vs IUI-D (natural
PIH 3 p < 0.05 cycle).
Singletons only:  Preeclampsia: More multiples in IUI group.
All hypertensive ~ IUI-D: 18,2% Groups matched for age,
7 IUI-H: 0% parity, demographic
PE 4 p < 0.05 background.
PIH 3 Pregnancy-induced Further adjustment for number

hypertension 9.1% vs 3%
Adjusted for singletons
only:

Pre-eclampsia: 13.8% vs
0%,

Pregnancy-induced
hypertension: 10.3% vs
3.7%
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of babies at delivery.

(continued on next page)
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Author, Study design Cases Outcomes (risk estimates)  Reference group Adjustments, comments Risk of Directness  Precision
year, bias
country
Smith 1997, cohort PE9 Preeclampsia:IUI-D: 9/37 IUI-H pregnancies All cases: primary infertility, Low Good Fair
Canada n=237 (4 mild, 5 severe of which no known medical disorders.
1 HELLP)IUI-H: 3/44 Included multiple pregnancies.
(all 3 mild)RR 1.85 Groups were comparable
(95%CI 1.20-2.85)No regarding maternal age, GA,
difference in the number BW, gender of fetus, twin
of inseminations among pregnancies.
those who developed PE
(p = 0.69)
Varma 1987,  prospective 7 Pregnancy-related SC pregnancies No adjustments. Both groups Serious Fair Fair
UK cohort hypertension: (general obstetric include multiple pregnancies.
n =60 IUI-D: 11.7% population +
SC: 12.5%0R 0.92 untreated
(95% CI 0.42 - 2.03) infertility
patients)
IVF-D vs IVF
Luke 2016, cohort case numbers Pregnancy hypertension singleton births Adjusted for maternal and Moderate ~ Good Good
USA (MOSART not reported IVE/ICSI-D: 17.2% with partner paternal age, ethnicity,
study) IVF/ICSI-H: 12.0%a0OR sperm treatment education, diagnoses, maternal
1.28 preexisting medical conditions
(95% CI 0.85-1.95) (hypertension, diabetes)
plurality at 6 weeks, oocyte
source, ICSI, AZH, embryo
state and number of embryos
transferred. Singleton data
available.
Kennedy cohort PE or PIH: 87 All HDP: singleton births All singletons. Adjusted for Moderate  Good Good
2019, n = 1435 cases IVF/ICSI-D 6.1% partner sperm maternal age, BMI and ICSI.
Australia IVF/ICSI-H: 5.2%aOR treatment Subanalysis of cohort

0.94

(95% CI 0.73-1.21)
Subanalysis of cohort
including parity data aOR
1.31

(95% CI 0.90-1.90)

including parity data.

IUI-D = intrauterine insemination with donor sperm (AID), IUI-H = intrauterine insemination with partner sperm (AIH), IVF-D = IVF treatment using donor sperm,
IVF-H = IVF treatment using partner sperm, ICSI = intracytoplasmic sperm injection, SC = spontaneous conception, OS = ovarian stimulation, GA = gestational age,
SGA = small for gestational age, LGA = large for gestational age, PTB = pre-term birth, BW = birth weight, LBW = low birth weight, VLBW = very low birth weight,
HBW = high birth weight, VHBW = very high birth weight. M/F ratio = male to female ratio, PE = preeclampsia, PIH = pregnancy-induced hypertension, HDP =
hypertensive disorders of pregnancy, GDM = gestational diabetes mellitus, BMI = body mass index. AZH = assisted hatching.

aOR = adjusted odds ratio. NS = no significant difference.

increased risk for small for gestational age (SGA) (RR 1.42, 95% CI
1.17-1.79), but no increased risk for LBW, very low BW (VLBW), high
BW (HBW) or large for gestational age (LGA). The study population
included both IUI-D and IVF-D patients and the control group included
SC, IUI-H and IVF-H pregnancies. In a subgroup analysis a similar risk of
SGA was observed comparing IUI-D to IUI-H or SC. When comparing
IVF/ICSI-D with IVEF/ICSI-H, there was a reduced risk of LBW and an
increased risk of HBW in children born after donor pregnancies [11].

For the risk of PTB, the meta-analysis of Adams et al. (2017) showed
no difference between children born after IUI-D or SC [20]. Allen et al.
(2021) found no increased risk for PTB in their subgroup analyses
comparing children born after IUI-D with IUI-H, or children born after
IUI-D with SC or IVF/ICSI-D with IVF/ICSI-H [11].

Regarding the risk of birth defects, the updated meta-analysis by
Adams et al. (2018) included five studies and reported an increased risk
for birth defects in children born after use of donor sperm compared
with children born after SC [21]. However, Allen et al. (2021) reported
no increased risk for congenital anomalies in their meta-analysis
including 11 studies [11].

The effect of donor sperm on low birth weight

IUI-D vs IUI-H
Two studies were included in the meta-analysis on LBW. The risk of
LBW after IUI-D did not differ from that after IUI-H (pooled OR 0.46,
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95% CI 0.07-3.28) (Fig. 4a). Both studies included singletons only. The
risk of bias low in one, serious in one study. The study populations
ranged from 173 to 1881.

Interestingly, the smaller study found children born after IUI-D to
have higher BW compared with children born after IUI-H [28]. The
difference was small, but statistically significant, although adjustment
for some important confounding factors, such as maternal body mass
index (BMI), parity, and smoking, were not considered (Table 3).

IUI-D vs SC pregnancies

Seven studies were included in the meta-analysis on LBW. The risk
for LBW in children born after IUI-D did not differ from that after SC
pregnancies (pooled OR 1.0, 95%CI 0.73-1.38) (Fig. 4b). Some of the
studies provided data on singletons separately [29-32], whereas others
included both singletons and multiples [12,33,34]. A meta-analysis on
singleton only - data showed no increased risk for LWB (OR 1.01, 95%CI
0.80-1.71) in IUI-D vs. SC newborns (Supplementary Fig. S8). The risk
of bias was low in two, moderate in two and serious in three studies.
Cohort sizes varied from 35 to 8943 in IUI-D-treated patients (Tables 1,
3).

IVF/ICSI-D vs IVF/ICSI-H

Five studies were included in the meta-analysis of LBW comparing
IVF/ICSI-D with IVE/ICSI-H (Fig. 4c).

Most studies comparing IVF/ICSI-D and IVF/ICSI-H were large
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register studies. The risk of bias was low or moderate in four studies and pregnancies. All studies adjusted for singletons. The risk of LBW seems
serious in one study. to be smaller for IVF/ICSI-D compared with children born after IVF/
The study populations ranged from 170 to over 6000 IVF-D ICSI-H, pooled OR 0.89 (95% CI 0.83 — 0.94) (Fig. 4c). One study also
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analyzed the risk of HBW, but no risk increase was seen [35]. Two Conclusion: There may be little or no difference in risk of LBW be-
studies which could not be included in the meta-analysis, also reported tween children born after IUI-D and IUI-H, low certainty of evidence
data on LBW in children born after IVF/ICSI-D [36,37] (Table 3). The (GRADE @®00) or after IUI-D and SC pregnancies, low certainty of
results were consistent with our meta-analysis results. evidence (GRADE @®00). Use of IVF/ICSI-D may be associated with
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Table 3

Outcomes: perinatal outcomes.
Author, Study design
year,
country

Cases

Outcomes (risk
estimates)

Reference group

Adjustments, comments

Perinatal outcomes

Systematic reviews and meta-analyses n = 2

Adams Systematic
2017, review and
Australia, meta-
updated analysis
2018

Allen 2021, Systematic
UK review and

meta-
analysis

Original articlesn = 18
Author, Study design
year,
country

LBW < 2500 g:
259

PTB < 37w: 105
Birth defects: 93

SGA: 83

PTB: 1651

LBW: 1430
HBW: 574

LGA: 106

Birth defects: 173

Cases

Meta-analysis:LBW RR
1.17

(95%CI 1.03-1.33)PTB
(<37 weeks)RR 1.05
(95%CI 0.91-1.21)
NSBirth defects RR 1.30
(95%CI 1.05-1.59)
Meta-analysis:SGA RR
1.42

(95% CI 1.15-1.76) (3
studies)PTB RR 0.98
(95% CI 0.88-1.08) NS
(13 studies)LBW RR 0.97
(95%CI 0.82-1.15) NS
(13 studies)HBW RR
1.28 (95%CI 0.94-1.73)
NS

(3 studies)LGA RR 1.01
(95%CI 0.84-1.22) NS (2
studies)Birth defects RR
1.15

(95%CI 0.86-1.53) NS
(11 studies)

Outcomes (risk
estimates)

SC pregnancies

pregnancies
conceived with
partner sperm

Reference group

Original meta-analysis included
3 studies, updated meta-
analysis included 6 studies.

n = 1638-5358 depending on
outcome.

Number of studies per outcome
varied between 3 and 13.

n = 2009-23743 depending on
outcome

Risk of
bias

Adjustments, comments Directness

Precision

IUI-D vs IUI-H / SC pregnancies
Adams cohort
2017, (SAPSC
Australia register)
n =476

cohort
n=173

Chen 2018,
China

PTB: 24

LBW 22

PTB with LBW:
18

SGA: 40

LGA: 44

Birth defects: 1
LBW < 2500 g: 1
Preterm < 37w: 8

Singleton deliveries
only:

PTB:

IUI-D: 5.5%

SC: 5.5%0R 0.97
(95% CI 0.63-1.50)
LBW:

IUI-D: 5.1%

SC: 4.7%0OR 1.07
(95% CI 0.69-1.66)
PTB with LBW:
IUI-D: 4.2%

SC: 3.0%O0R 1.37
(95% CI 0.84-2.23)
SGA

IUI-D: 9.2%

SC: 10.2%O0R 0.84
(95% CI 0.59-1.20)
LGA

IUI-D: 10.2%

SC: 9.9%0R 1.06
(95% CI 0.76-1.49)
Fetal defects

IUI-D: 0.6%

IUI-H: 1.5%

p =0.753

Birth weight

IUI-D: 3507 g
IUI-H: 3384 g

p = 0.020

LBW

IUI-D 0.7%

IUI-H 4.6%,

p =0.054

PTB

IUI-D 5.2%

IUI-H 8.4%

p =0.229

Gender ratio:
IUI-D: 76/77
IUI-H: 122/140

p = 0.541

neonates (live and
stillborn
spontaneous
conception
pregnancies in
general
population)

IUI-H pregnancies
and live births

219

Population included multiple Low Good
births. Singleton subanalysis.

Adjustments for maternal age,

parity, ethnicity, socio-

economic background, fetal

sex. Further adjustment: pre-

existing hypertension, PIH,

diabetes, GDM, epilepsy,

asthma, anemia, did not

produce change.

All singletons. Not adjusted for Serious Poor
parity, smoking, BMI, ovarian

stimulation. Groups were not

comparable. Birth defect cohort

includes clinical pregnancies

and termination of pregnancy

due to birth defect.

Good

Fair

(continued on next page)
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Author,
year,
country

Study design

Cases

Outcomes (risk
estimates)

Reference group

Adjustments, comments

Davies
2012,
Australia

Gaudoin,
2003,
Scotland

Hoy 1999,
Australia

Huang
2016,
China

Lansac
1997,
France

Malchau
2014,
Denmark

cohort,
(SAPSC
register)
n = 428

cohort
n=235

cohort
n = 1552

cohort
n=1623

cohort

n = 16926
(IUI-D) and
2665 (IVF-D)

national
cohort
register study
n = 1881

36

No case numbers
given

PTB < 37w: 103
LBW: 117
Birth defects: 57

LBW < 2500 g:
28

Case numbers not
given for all
outcomes

Birth defects: 325
(IUI-D)72
(IVF-D)

LBW: 369 (IUI-D)
Preterm birth:
429 (IUI-D)

LBW: 92
Preterm: 75
SGA: 72

Birth defects

IUI-D: 8,4%

SC: 5,7%aOR 1.37
(95% CI 0.98-1.92) NS

LBW

IUI-D vs SCOR 1.73
(95% CI 0.26-11.69)
PTB:

IUI-D: 5.7%

SC: 6.9%

PTB

IUI-D: 6.4%

SC: 6.6 %RR 1.0
(95% CI 0.8-1.2)
LBW

IUI-D: 7.3%

SC: 6.8%RR 1.1
(95% CI 0.9-1.3)
Birth defects
IUI-D: 3.6%

SC: 3.2 %RR 1.1
(95% CI 0.8-1.5)
Sex ratio

male infants IUI-D:
52.8%

male infants SC: 51.2%
RR1.1

(95% CI 1.0-1.2)

Birth weight
IUI-D: 3320 g
SC: 3336 g

p > 0.05 NS
LBW

IUI-D: 1.99%
SC: 2.27%
Macrosomia rate
IUI-D: 8.18%
SC: 4.89%

p < 0,05
Preterm birth
IUI-D: 3.2%
SC: 1.87%

p < 0.05
Birth defects:
IUI-D: 1.42%
SC: 0.29%

(p < 0.01)
Gender ratio similar to
control group

Birth defectsIUI-D: 1.9%
(rate similar compared
to registers with SC)
IVF-D: 2.74%

IVF-H: 2.99%
p=0.16 NS

LBW

IUI-D 4.7%

SC: 6.2%

PTB

IUL-D: 4.8%

SC: 5.9%

LBW

IUI-D 5.0%

IUI-H: 4.9%aO0R 1.014
(95% CI 0.775-1.326)

births from SC
pregnancies,
(fertile women
with no prior ART)

SC pregnancies in
national cohort

SC pregnancies in
general population

SC infants

SC births in general
population.
FIVNAT study data
used as IVF
comparison group
(IVF with partner
sperm)

IUI-H, SC
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Included multiple births. Low
Singletons analyzed separately
Adjustments:maternal age,
parity, fetal sex, year of birth,
ethnic group, maternal smoking
and conditions in pregnancy
(hypertension, diabetes,
anemia, urinary infections)

, socioeconomic status,
occupation

All singletons, primigravid.

OS used for all IUI-D: s
Multivariate logistic regression
analysis of factors associated
with LBW performed

Included multiple births. No
adjustments.

Included multiple births. Serious
Groups not comparable: High
frequency of CS, more twins in

IUI-D group

Birth defect rates include Serious
pregnancy terminations
Only live born singletons

included in LBW and PTB data

All singletons. Low
Adjustments for:

Birth year, parity, maternal age,

gender, BMJ, smoking, cesarean

Moderate

Moderate

Good Good

Fair Fair

Fair/good  Good

Poor Good

Fair Good

Good Good

(continued on next page)
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Author,
year,
country

Study design

Cases

Outcomes (risk
estimates)

Reference group

Adjustments, comments

cohort

n = 60-65
depending
on outcome

Varma
1987, UK

Zhou 2018,
China

cohort
n =926

Yan 2011,
China

cohort,
register study
n = 1572

IVF-D/ICSI-D vs IVE/ICSI-H
Castillo cohort
2019, UK (HFEA
register used
partly)
n =68

Gerkowicz cohort (CDC
2018, and NASS
USA register)

n = 6318

cohort
(HFEA
database)
n = 4523

Kamath
2018, UK

LBW: 8
PTB: 2

Birth defects (all
clinical
pregnancies):

11

Birth defects (live
births only):

6

Preterm birth: 56

Birth defects:
20

case numbers not
reported

PTB 531
LBW 401

PTB < 37w: 398
Early PTB < 32w:
69

LBW < 2500 g:
377

VLBW < 1500 g:
77

HBW > 4000 g:
445

PTB

IUI-D: 4.0%

IUI-H: 4.1%aOR 0.966
(95% CI 0.716-1.303)
SGA

IUI-D: 3.9%

TUI-H: 3.8%aOR 0.992
(95% CI 0.736-1.337)
LGA:

IUI-D: 3.2%

IUI-H: 2.8%

LBW

IUI-D: 5.0%

SC: 3.4%,a0R 1.359
(95% CI 1.089-1.696)
PTB

IUI-D: 4.0%

SC: 3.1%aOR 1.177
(95% CI 0.919-1.507)
SGA

IUI-D: 3.9%

SC: 2.7%aOR 1.338
(95% CI 1.048-1.707)
LBW

IUI-D: 12.3%

general obstetric
population (SC)
SC: 11.5%0R 1.08 and a small group
(95% CI 0.51 — 2.27) of untreated

PTB infertility patients
IUI-D: 3.3%

SC: 10%0R 0.012

(95% CI 0.0014-0.045)
Birth defects within a 3-
year period:

IUI-D: 0.35-0.96% (of
clinical pregnancies)
IUI-H: 0.36-1.29% (of
clinical pregnancies)
(pergentages include
pregnancy terminations)
Birth defects:IUI-D: 6
(0.39-1.05% of LBs)IUI-
H: 13

(0-1.52% of LBs)

IUI-H pregnancies
and deliveries

Birth defects IUI-H births
IUI-D: 1.27 %

IUI-H: 1.26 %

Birth weight
IVE/ICSI-D:

adjusted BW in grams,
linear regression model
Beta 87.5 g (95% CI
—62.8-237.9), p = 0.254
PTB: IVF/ICSI-H live
IVF/ICSI-D: 11.5% births
IVF/ICSI-H: 11.8%aRR

0.98

(95% CI 0.90-1.06)

LBW

IVF/ICSI-D: 8.8%

IVF/ICSI-H: 9.4%aRR

0.91

(95% CI 0.83-0.99)

PTB: IVF/ICSI-H
IVF/ICSI-D: 8.8% live births
IVE/ICSI-H: 9.4%aOR

0.93

(95% CI 0.83-1.04)

Early PTB

IVF-ICSI-D: 1.5%

IVF/ICSI-H: 1.8%aOR

0.86

IVF-H singletons

221

section, induction of labor.

Not adjusted for ovarian
stimulation.

Separate comparisons with IUI-
H and SC pregnancies

Included multiples. No
adjustments.

No adjustments, no statistics
between the groups. Includes
all clinical pregnancies

No adjustments, no statistics
between the groups

Singletons. Adjusted for oocyte
source, maternal parity, sex and
gestational age

PTB and LBW (singletons)
adjusted for maternal age,
gravidity, parity, number of
cycles, diagnosis, stimulation
type, hyperstimulation, number
of oocytes, PGD/PGS.
Subanalysis included BMI and
smoking.

LBR adjusted for maternal age

All singletons. Adjustments:
age, duration of treatment,
cause of infertility, previous
live birth, number of embryos
transferred.

Serious

Moderate

Serious

Moderate

Moderate

Fair Fair

Moderate Good

Moderate Good

Fair Fair

Good Good

Good Good

(continued on next page)
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Author,
year,
country

Study design

Cases

Outcomes (risk
estimates)

Reference group

Adjustments, comments

Kennedy cohort
2019, n = 1435
Australia

Luke, USA, MOSART
2016 register study
n = 283

cohort
n =170

Thapar
2007, UK

Yu 2018, cohort
USA register study
(SART CORS)
n = 2123

VHBW > 4500 g:
80

Post-term > 40w:
2238

Intrauterine
growth
restriction
(estimated BW <
10th centile): 215
case numbers not
reported

LBW 10

PTB: 167
VPTB: 53
LBW: 127
VLBW: 21

(95% CI 0.67-1.11)

LBW

IVE/ICSI-D: 8.3%

IVF/ICSI-H: 9.5%aOR

0.88

(95% CI 0.79-0.99)

VLBW

IVE/ICSI-D: 1.7%

IVE/ICSI-H: 1.9%aOR

0.95

(95% CI 0.75-1.20)

HBW

IVF/ICSI-D: 9.8%

IVE/ICSI-H: 8.8%aOR

1.09

(95% CI 0.98-1.21)

VHBW

IVF/ICSI-D: 1.8%

IVF/ICSI-H: 1.5%aOR

1.15

(95% CI 0.90-1.45)

Post-term birth

IVF/ICSI-D: 49.5%

IVF/ICSI-H: 47.0%aOR

1.10

(95% CI 1.03.1.17)

Fetal growth restriction IVF/ICSI-H
IVF/ICSI-D: 15.2% singleton live
IVF/ICSI-H: 18.1%aOR births
0.85

(95%CI 0.72-1.0)

PTB: IVE/ICSI-H
IVF/ICSI-D: 9.4% singleton births
IVF/ICSI-H: 11.2%aOR

0.77

(95% CI 0.51-1.17)

LBW

IVE/ICSI-D: 5.9%

IVF/ICSI-H: 8.1%aOR

0.63

(95% CI 0.39-1.01)

SGA < 10th perc

IVF/ICSI-D: 6.0%

IVF/ICSI-H: 7.7%aOR

0.64

(95% CI 0.34-1.19)

LGA > 95th perc:

IVE/ICSI-D: 11.1%

IVF/ICSI-H: 10.6%aOR

1.12

(95% CI 0.66-1.91)

Birth defects:

IVF/ICSI-D: 1.5%

IVE/ICSI-H: 2.1%aOR

0.75

(95% CI 0.27-2.06)

LBW IVF-H singleton
IVF-D:8.0 % births
IVF-H: 6.7%

PTB IVF/ICSI-H first
IVF/ICSI-D: 10.8% treatment cycles
IVF/ICSI-H: 11.4%aEE

0.94

(0.78, 1.33)

VPTB

IVE/ICSI-D: 3.4%

IVF/ICSI-H: 3.3%aEE

0.99

(0.73,1.14)

LBW

IVE/ICSI-D: 8.4%

IVE/ICSI-H: 9.0%aEE

0.87

(0.71, 1.06)

222

Adjustments: singletons, Moderate  Good
maternal age, BMI, fresh vs
frozen cycle, day of embryo
transfer.

Adjusted for maternal and Moderate  Good
paternal age, ethnicity,

education, diagnoses, maternal

preexisting medical conditions

(hypertension, diabetes)

plurality at 6 weeks, oocyte

source, ICSI, AZH, embryo state

and number of embryos

transferred.

Adjusted for singletons Serious Poor

Singletons. Adjusted for Moderate  Good
maternal age, ethnicity, BMI,

smoking, gravidity, history on

PTB, FSH dose, blastocyst

transfer, number of embryos

transferred, cause of infertility

Autologous oocytes only.

(continued on next page)

Good

Good

Fair

Good
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Author, Study design Cases Outcomes (risk Reference group Adjustments, comments
year, estimates)
country

VLBW

IVF/ICSI-D: 1.4%
IVF/ICSI-H: 1.6%:aEE
0.82(0.48, 1.39)

NS

Birth weight
significantly lower in
partner sperm group
(3292 g +/- 601 vs 3233
g +/- 592 - (p = 0.003)
adjusted effect estimate
428 g

IUI-D = intrauterine insemination with donor sperm (AID). IUI = intrauterine insemination with partner sperm (AIH), IVF-D = IVF treatment using donor sperm, IVF-
H = IVF treatment using partner sperm, ICSI = intracytoplasmic sperm injection, SC = spontaneously conceived pregnancy, GA = gestational age, SGA = small for
gestational age, LGA = large for gestational age, PTB = preterm birth, BW = birth weight, LBW = low birth weight, VLBW = very low birth weight, HBW = high birth
weight, VHBW = very high birth weight. M/F ratio = male to female ratio, sex ratio, PIH = pregnancy-induced hypertension, HDP = hypertensive disorders of
pregnancy, PE = preeclampsia, GDM = gestational diabetes mellitus, BMI = body mass index. OD = oocyte donation, OS = ovarian stimulation, LBR = live birth rate.
aOR = adjusted odds ratio. aEE = adjusted effect estimate, NS = not significant.
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Fig. 4b. Meta-analysis LBW, IUI-D vs SC

slightly lower risk for children to be born with LBW compared to IVF/
ICSI-H, low certainty of evidence (GRADE ©£00).

The effect of donor sperm on preterm birth

IUI-D vs IUI-H

Three studies were included in the meta-analysis on PTB. Two of the
three studies provided singleton data [28,31], and one included multiple
pregnancies [38]. The risk for PTB after IUI-D did not differ from that of
IUI-H (pooled OR 1.0, 95% CI 0.81-1.24) (Fig. 5a). A meta-analysis on
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only singletons showed no increased risk of PTB in IUI-D vs IUI-H (OR
0.90 95%CI 0.65-1.25) (Supplementary Fig. S7). According to Malchau
et al. (2014) the risk of PTB in singletons born after IUI-D was 4.0%,
compared to 4.1% in singletons born after IUI-H [31]. The risk of bias
was low in one study, moderate in one study, and serious in one study.
Size of the study population ranged from 173 to 1881.

IUI-D vs SC pregnancies
Six studies were included in the meta-analysis on PTB. The risk for
PTB after IUI-D was not different from that of SC pregnancies (pooled OR
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Low birth weight IVF-D vs IVF-H

Study %
D OR (95% Cl)  Weight
(|
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Kamath (2018) —0- 0.88 (0.79, 0.99) 31.41
Kennedy (2019) —0—— 0.85 (0.72, 1.00) 14.82
Luke (2016) + 0.63 (0.39, 1.01) 1.77
Thapar (2007) - 1.23 (0.50, 2.85) 0.52
Overall (l-squared = 0.0%, p = 0.539) @ 0.89 (0.83, 0.94) 100.00
NOTE: Weights are from random effects anfalysis
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Fig. 4c. Meta-analysis LBW, IVF-D vs IVF-H.
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Fig. 5a. Meta-analysis PTB, IUI-D vs IUI-H
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Preterm IUI-D vs SC
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Fig. 5b. Meta-analysis PTB, IUI-D vs SC

Preterm birth IVF-D vs IVF-H

Study %

D OR (95% CJ) Weight
Gerkowicz (2018) e 0.98(0.90,1.06)  63.89
Kamath (2018) e 0.93(0.83,1.04) 3363
Luke (2016) - : 0.77 (0.51,117)  2.48

Overall (I-squared = 0.0%, p = 0.444) C> 0.96 (0.90, 1.02) 100.00

NOTE: Weights are from random effects analysis

beccccccacl

T T

51 1 1.96

Fig. 5c. Meta-analysis PTB, IVF-D vs IVF-H.
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0.84, 95%CI 0.60-1.17) (Fig. 5b). Four studies provided data for sin-
gletons only [29-32] and two studies included also multiple pregnancies
[12,33]. The risk of bias low in two studies, moderate in two and serious
in two studies. IUI-D cohort sizes varied from 35 to 8943. Meta-analysis
of only singletons showed no increased risk for PTB in IUI-D vs. SC
pregnancies (pooled aOR 0.95, 95%CI 0.73-1.22) (Supplementary
Fig. S9).

IVF/ICSI-D vs IVF/ICSI-H

Three studies were included in the meta-analysis for PTB. No
increased risk for PTB was found in pregnancies after IVF-D compared to
IVEF/ICSI-H (pooled OR 0.96, 95%CI 0.90-1.02) (Fig. 5c¢). The risk of bias
was low in one study and moderate in two studies. Cohort sizes varied
from 200 to over 6000 births. All studies adjusted for singletons.

Yu et al. (2018) compared singleton pregnancies resulting from the
first IVE/ICSI cycle, based on the large SART-CORS register study.
Numerous adjustments were made. No difference was found for PTB nor
for very PTB between IVF/ICSI-pregnancies using donor sperm or
partner sperm [36].

Kamath and colleagues reported that post-term birth was seen more
often after IVF/ICSI-D (aOR 1.10, 95%CI 1.03-1.17) [35].

Conclusion: There may be little or no difference in risk of PTB be-
tween children born after IUI-D compared both with IUI-H and SC, low
certainty of evidence (GRADE ©&®00) or between children born after
IVE/ICSI-D compared with IVE/ICSI-H, respectively, moderate certainty
of evidence (GRADE @& & ¢ 0).

The effect of donor sperm on birth defects

Birth defects were reported in eight original studies (Table 1, 3). Four
of them were assessed having either low or moderate risk of bias
[12,38-40], and the rest had serious risk of bias. Size of study population
ranged from 173 to over 20 000. In general, the rate of births defects
after use of donor sperm varied between 0.4 and 8.4 %. The large
variance is probably due to varying definitions on birth defects and
differences in reporting them e.g. major birth defects vs any birth de-
fects. Similar rates of birth defects were reported in studies comparing
IUI-D vs. IUI-H [28,41] and IUI-D vs. SC pregnancies [12,32,39]. Only
one study reported an increased risk, but this study was evaluated as
having a serious risk of bias [34]. Studies comparing IVF-D and IVF-H
showed similar rates of birth defects [32,40].

The effect of donor sperm on offspring sex ratio

Several IUI-D studies reported data on sex ratio among children
(Table 1). Studies with comparison groups report no difference in sex
ratio after IUI-D treatment compared with IUI-H or SC pregnancies
[12,28,30,34].

Discussion

In this systematic review and meta-analysis, a moderately increased
risk was observed for PE and HDP after IUI-D compared both with IUI-H
and SC pregnancies. However, no increased risk of either HDP or PE was
seen when using IVF-D. The frequency of children with LBW or PTB was
similar between IUI-D and IUI-H as well as between IUI-D and SC,
respectively. The risk for LBW was, however, lower for children born
after IVF-D compared with IVF-H.

We conducted separate meta-analyses for singletons (studies that
included only singletons or adjusted their results for singletons) to
exclude the bias caused by multiple pregnancies. We also conducted a
meta-analysis pooling singleton and multiple pregnancies because it
showed the full consequence of an IUI program. In a real-life clinical
setting, multiple pregnancies cannot be completely avoided in IUI-
treatments, even though many clinics have a strict cancellation policy
in cases of multi-follicular response prior to IUI-D or IUI-H. Including

226

European Journal of Obstetrics & Gynecology and Reproductive Biology 274 (2022) 210-228

multiple pregnancies may still introduce a bias, since in many countries
natural cycle is more often used in IUI-D treatments and the multiple
pregnancy rate is low.

HDP and PE

We found an increased risk of PE and HDP, when comparing IUI-D
both with IUI-H and SC pregnancies. An increased risk remained after
limiting the meta-analysis to singletons. This indicates that the risk in-
crease is associated with the use of donor sperm, not the IUI treatment
itself or the higher rate of multiple pregnancies associated with ovarian
stimulation. We found no increased risk of PE or HDP in IVF-D compared
with IVF-H pregnancies. Our results are in accordance with earlier meta-
analyses showing that compared to use of partner sperm there is an
increased risk of PE after IUI-D but, interestingly, not using IVF-D
treatment [11,19]. Sensitivity analyses on IVF/ICSI treatments only
are important, as these treatments per se have increased risk of HDP.
According to the most recent meta-analyses and cohort studies the risk
of PE was 1.3 to 1.8 -fold higher in IVF/ICSI than in non-ART singleton
pregnancies [42,43]. Most studies included in our meta-analysis
adjusted for maternal age. This is important as women receiving IUI-D
treatment are often older than their IUI-H treated counterparts, and
advanced age is a risk factor for underlying hypertension.

The reason for increased incidence of HDP in IUI-D pregnancies is not
clear but impaired immunoregulation due to lack of pre-conceptional
exposure to seminal fluid may result in poor placentation and predis-
pose to PE [44]. Several findings support the immunological hypothesis.
Preeclampsia is more common in first time pregnancies [45].This effect
of less exposure to antigens and higher risk of PE may also explain why
Kyrou et al. (2010) found that the fewer the number of IUI-D cycles per
woman, the higher the risk of PE [46]. This is supported by other studies
showing that the risk of HDP and PE is increased in pregnancies that
occur after short duration of exposure to partner sperm [47], or in case
of a new partner [48], or after a long interval between pregnancies
[49,50].

Perinatal outcomes

In our meta-analyses, no increased risk for LBW or PTB was found in
children born after IUI-D compared to IUI-H as well in children born
after IUI-D compared to SC. Separate analyses on singletons showed
similar results. Singleton analysis is essential, since multiple pregnancy
is a risk factor for both LBW and PTB, and IUI treatments might often
result in multiple pregnancy and there may be a skewed distribution in
multiple pregnancies between IUI-D and IUI-H. Adams et al. (2017)
found an increased risk for LBW after IUI-D, but they included studies
that did not adjust for multiple pregnancies [29]. Our result of no
increased risk of LBW after IUI-D compared to IUI-H is in accordance
with the meta-analysis published by Allen et al. (2021) [11].

Most of the included studies comparing IUI-D with IUI-H or SC
pregnancies had comparable perinatal outcomes. Some controversial
results between studies concerning perinatal outcomes might, at least
partly, be due to differences in ovarian stimulation strategies across
studies, as ovarian stimulation is known to be associated with adverse
perinatal outcomes [31]. In the IUI-H studies use of ovarian stimulation
was as high as 70 to 92% [28,31]. On the other hand, natural cycle is
generally more often used in IUI-D as the women have often good
reproductive health. It is worth mentioning that the practice varied a lot
as for example in one small study all women had received ovarian
stimulation prior to IUI-D [30].

Generally, IVF pregnancies are known to be associated with higher
risk of PTB and LBW compared to SC pregnancies [51]. An interesting
finding in our study was that children born after IVF-D had a lower risk
for LBW than children born after IVF-H which is in accordance with
results recently published by Allen et al. (2021) [11]. The reason for the
lower risk of LBW observed in IVF-D vs. IVF-H may be related to the
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difference in the patient populations as women receiving IVF-H may
have more severe infertility diagnoses, such as tubal pathology, endo-
metriosis, uterine pathology, endocrine disorders compared with those
treated with IVF-D. ICSI-H might be a more appropriate control group
than IVF-H, as the main indication for ICSI-H is not female factor
infertility but severe male factor infertility. On the other hand, the sperm
used in IVF-D treatment is usually from healthy donors with top quality
semen which is not the case in ICSI-H group. Studies on the influence of
low sperm quality on the risk of LBW have reported conflicting results
[52,53].

Interpretation of the results

According to our meta-analysis the perinatal outcomes after use of
donor sperm are reassuring. In interpretation of the results of the peri-
natal outcomes, it is important to remember that randomized studies are
not possible in this setting, and that the indication for treatment may
vary widely both among the study population needing donor sperm and
controls. If the IUI-D group comprises single women or same sex female
couples often with normal fertility, women with SC pregnancies might
be an appropriate control group for comparing obstetric and perinatal
outcomes while women receiving IUI-H are less optimal controls as they
may have various infertility problems and hence have a greater risk for
adverse outcomes [54]. However, we found similar results comparing
IUI-D with IUI-H and SC.

Strengths and limitations

The strength of our meta-analyses is that we separated IUI-D and IVF-
D and further that we either stratified on plurality or included only
studies with adjustment for plurality. The splitting of the control groups
in IUL-H, IVF-H and SC pregnancies also added new information on the
risk of obstetric and perinatal outcomes compared to the previous
reviews.

A limitation of this review is the heterogeneity of the included
studies. The splitting of the control groups in IUI-H, IVF-H and SC
pregnancies limited the number of studies included in each meta-
analysis, decreasing the precision, but made the results more homoge-
nous. Furthermore, most of the studies had a very poor description of the
included patient populations, as most studies did not specify the indi-
cation for using donor sperm and the proportion of couples with male
factor infertility (in combination with or without female infertility) as
well as the proportion of single women or women with a female partner
is not known. Another limitation is that some studies did not report the
type of treatment cycle or a use of ovarian stimulation. Because of dif-
ferences in patient infertility characteristics and treatment policies be-
tween study and control groups bias is likely to occur. Most studies
adjusted for maternal age.

Conclusions

Our systematic review and meta-analyses showed that there is a
moderately increased risk of PE and HDP in IUI-D pregnancies while the
risk of LBW and PTB in children born after IUI-D are comparable to IUI-H
and SC. Risks for HDP and PTB after IVF-D are comparable to IVF-H, and
there is a slightly lower risk for LBW after IVF-D. From a clinical point of
view, the increased risk of HDP after IUI-D treatment identifies a new
risk group and calls for case-by-case consideration of prophylactic
treatment (e.g. low-dose aspirin) and/or intensified surveillance of these
women during pregnancy. In addition, this information should be used
for patient counselling.

Key message

There is an increased risk for preeclampsia and hypertensive disor-
ders of pregnancy after IUI-D compared both with IUI-H and
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spontaneous conception, but not when comparing IVF-D with IVF. Using
donor sperm in IUI/IVF does not seem to increase risks for perinatal
outcomes such as low birth weight and preterm birth compared with
corresponding partner sperm treatments.
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