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ABSTRACT 

STUDY QUESTION: What is the effectiveness of swim-up (SU) and density gradients (DG) for sperm preparation in infertile couples 
undergoing IUI?

SUMMARY ANSWER: In infertile couples undergoing IUI, SU and DG did not result in statistically significant different live 
birth rates.

WHAT IS KNOWN ALREADY: SU and DG are the two most commonly used techniques for sperm preparation in infertile couples un
dergoing IUI. In the latest Cochrane review, given the very low quality of available data, the authors were uncertain whether there 
was a difference in clinical pregnancy rates between the two techniques. Furthermore, live birth rate was not reported in any trial.

STUDY DESIGN, SIZE, DURATION: This open-label, two-centre, randomized clinical trial was conducted at two IVF centres in 
Vietnam. A sample size of 912 couples was needed to demonstrate a 5% difference between SU and DG (power 0.80, two-sided alpha 
5%, loss to follow-up, and cross-over rate 10%). Randomization was performed using a computer-generated random list, with a vari
able block size of 2, 4, or 6. Assignment to treatment allocation was done via a web portal.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Eligible couples included those who were ≥18 years of age, where the husbands’ 
sperm concentration, progressive motility (PM) rate, and total PM sperm count before sperm preparation were ≥5 × 106/ml, ≥32%, 
and >5 × 106 (according to the WHO 2010 criteria), respectively. Couples using frozen semen, or couples where the husband’s semen 
was hyperviscous, were not included. On the day of IUI, participants were randomized (1:1 ratio) to undergo either SU or DG. Sperm 
preparation was performed within 1 h after ejaculation. IUI was performed once at 36–40 h after hCG trigger. Primary outcome was 
live birth after the first IUI cycle.

MAIN RESULTS AND THE ROLE OF CHANCE: Between 7 August 2020 and 29 October 2022, we randomized 456 couples to SU and 456 
couples to DG. Live birth after the first IUI cycle occurred in 55 (12.1%) couples in the SU group and 71 (15.7%) couples in the DG group 
(relative risk 0.77; 95% CI 0.56 to 1.07). There were no statistically significant differences between the two groups in terms of other 
pregnancy outcomes as well as obstetrics and perinatal outcomes.

LIMITATIONS, REASONS FOR CAUTION: The main limitation of the study was its open-label design, due to the nature of the 
interventions.

WIDER IMPLICATIONS OF THE FINDINGS: In infertile couples undergoing IUI, SU and DG can both be used for sperm preparation. 
The decision on which to use might depend more on practical factors such as processing time and how easy it is to standardize 
the method.
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Introduction
IUI is considered as a simple, minimally invasive, and cost- 
effective treatment option for infertility due to being performed 
without expensive infrastructure (Bahadur et al., 2020). Despite a 
lack of IUI registration in most countries, IUI is considered as the 
most widely used method for infertility treatment worldwide 
(Cohlen et al., 2018).

One of the crucial steps in IUI is sperm preparation, a process 
that aims to isolate highly motile and morphologically normal 
sperm while eliminating elements detrimental to fertilization 
and capacitation (Abdelkader and Yeh, 2009; WHO, 2010). Swim- 
up (SU) and density gradients (DG) have emerged as the most 
popular sperm processing techniques among the various meth
ods available. SU involves the separation of motile from immotile 
sperm based on their ability to swim out of seminal plasma into 
culture medium, elevating the overall quality of the selected 
sperm fraction. DG selectively isolates high-quality sperm based 
on their density using centrifugation, enriching for good-quality 
separation from debris and other cell types (WHO, 2010).

The ideal sperm separation technique should (i) be efficient in 
isolating as much motile spermatozoa with high capacity in fer
tilization as possible; (ii) not cause sperm damage or non- 
physiological alterations of the separated sperm cells; and (iii) be 
quick, easy, and cost-effective (Henkel and Schill, 2003). In the 
latest Cochrane review, which includes six randomized clinical 
trials (RCTs), it was uncertain whether SU or DG was superior, 
due to the very low quality of evidence. Moreover, no trials 
reported on live birth as the primary outcome (Boomsma et al., 
2019). In view of this lack of evidence, we performed an RCT com
paring SU versus DG for sperm preparation in infertile couples 
undergoing IUI, with live birth as the primary endpoint.

Materials and methods
Study design and participants
This two-centre, open-label, RCT was conducted at two IVF 
centres in Ho Chi Minh City, Vietnam (IVFMD, My Duc Hospital; 
IVFMD Phu Nhuan, My Duc Phu Nhuan Hospital). The andrology 
laboratories, where semen samples were processed, at these two 
centres have been following the WHO laboratory manual for the 
examination and processing of human semen (WHO, 2010) since 
2010 (IVFMD) and 2015 (IVFMD Phu Nhuan). These laboratories 
are also certified by the Ho Chi Minh City Society for Reproductive 
Medicine, Vietnam.

The protocol was approved by the institutional ethics commit
tee at My Duc Hospital (03/20/-D-D-BVM-D) and registered at 
ClinicalTrials.gov (NCT04477356). The study was conducted 
according to Good Clinical Practice and Declaration of Helsinki 
2002 principles, including oversight by an independent Data 
Safety Monitoring Committee (DSMC). Written informed consent 
was obtained from all couples prior to randomization.

Eligible couples included those who were ≥18 years of age, 
where the husbands’ sperm concentration, progressive motility 
(PM) rate, and total PM sperm count before sperm preparation 
were ≥5 × 106/ml, ≥32%, and >5 × 106 (according to the WHO 
2010 criteria), respectively. Couples using frozen semen or 

couples where the husband’s semen was hyperviscous were 
not eligible.

Randomization and blinding
Potentially eligible couples were given written information about 
the study on Day 2 or Day 3 of the menstrual cycle, when ovarian 
stimulation was started. Screening for eligibility was performed 
by treating physicians on the day of IUI, after the semen had 
been obtained and before sperm preparation was performed. 
Couples who fulfilled the eligibility criteria and who had been 
counselled before were formally invited to participate in the 
study. After a subsequent discussion with investigators, if the 
couples agreed to participate, they were asked to sign the in
formed consent form. After signing the written informed consent 
form, couples were randomized in a 1:1 ratio to receive either SU 
or DG, using block randomization with a variable block size of 2, 
4, or 6. The computer-generated random list was prepared by an 
independent statistician who had no other involvement in the 
study. Assignment to treatment allocation was done via a web 
portal hosted by HOPE Research Centre, Vietnam. Couples and 
clinicians performing IUI were unaware of the treatment alloca
tion, while laboratory personnels due to the type of interven
tions, were not blinded.

Procedures
Ovarian stimulation
For couples with a regular cycle, ovarian stimulation was per
formed by using hMG (IVF-M 75 IU, LG Life Science, Korea). 
Couples with ovulation disorders were offered aromatase inhibi
tor (AI) (Femara® 2.5 mg, Novartis, Switzerland) as the first-line 
treatment (Teede et al., 2023). However, the choice of agent was 
also based on the couple’s decision. For couples receiving hMG, 
75 IU hMG (IM) was started on Day 2 or Day 3 of the menstrual cy
cle. Follicular development was monitored by transvaginal ultra
sound starting from Day 6 of hMG use. When at least one leading 
follicle reached 18 mm, hCG (IVF-C 5000 IU, LG Life Science®, 
Korea) was administered.

For couples receiving AI, 5 mg of AI was administered daily for 
5 days, starting on any day between Day 2 and Day 5 of the men
strual cycle. Follicular monitoring was performed by transvaginal 
ultrasound 3 days after the last dose of AI. Another ultrasound 
was scheduled in the next 2–3 days if the follicle diameter was 
<12 mm. At 7 days from the last dose of AI, if the average follicle 
diameter was still <12 mm, hMG was added with a dose of 75 IU. 
When at least one leading follicle reached 18 mm, hCG was 
administered.

In both regimens, IUI was performed at 36–38 h after hCG in
jection. Cycle was cancelled or converted to IVF or IVM if there 
were more than three follicles ≥14 mm on the day of hCG ad
ministration.

Sperm preparation
On the day of IUI, a semen sample was obtained from the hus
band through masturbation after 2–5 days of abstinence, and it 
was allowed to liquefy for up to 60 min. Sperm preparation was 
performed within 1 h after ejaculation.
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In the SU group, each 1 ml of semen was gently layered under
neath 1.2 ml of Ferticult® Flushing media (Fertipro® NV, 
Beernem, Belgium) in a 14 round bottom tube (NUNC®, Thermo 
Fisher Scientific, Denmark). The tube was then inclined at an an
gle of about 45 degrees and incubated at 37�C for 45–60 min. 
After incubation, the tube was set to an upright position, and 
1 ml of the upper layer was gently aspirated with a sterile Pasteur 
pipette. This was diluted with 2 ml of Ferticult® Flushing media 
in a 5 ml disposable plastic centrifuge tube (NUNC®, Thermo 
Fisher Scientific, Denmark) and centrifuged at 244g (1200 rpm) 
for 10 min. After centrifugation, the supernatant was discarded, 
leaving 0.3 ml pellet remaining, which was ready for IUI and the 
assessment of concentration and motility.

In the DG group, gradient medium in 90% (Sil-Select Plus 
lower layer) and 45% (Sil-Select Plus upper layer) (Sil-Select Plus 
gradient®, Fertipro NV, Beernem, Belgium), 1.5 ml each, was 
gently added in a 11 ml conical centrifuge tube (NUNC®, Thermo 
Fisher Scientific, Denmark). Then, approximately 1–1.5 ml of liq
uefied semen was placed on top of the upper layer. The sample 
was centrifuged at 244g for 15 min. After centrifugation, the su
pernatant was removed, and the pellet was suspended in a 5 ml 
round disposable plastic centrifuge tube with 3 ml Ferticult 
Flushing media. The sample was centrifuged again at 244g for 
10 min. The pellet was washed again with 2 ml of Ferticult® 

Flushing media by centrifugation at 244g for 10 min. After that, 
the supernatant was discarded, leaving a 0.3 ml pellet, which was 
ready for IUI and the assessment of concentration and motility.

All procedures were conducted in the andrology laboratory, 
where only two to three senior embryologists with a minimum of 
5 years of experience were involved, strictly adhering to standard 
operating procedures (SOPs). Prior to the initiation of the study, a 
quality assurance system has been implemented in both centres 
to meet certification requirements for processes in the andrology 
laboratory. This system includes: (i) daily checks of equipment/ 
instrument functionality and semi-annual calibration and main
tenance; (ii) quarterly audits to identify non-conformity to stan
dard operation procedures or deviations from key performance 
indicator thresholds, such as turnaround time, sperm recovery 
rate, clinical pregnancy rate, and inter-technician agreement on 
semen analysis; and (iii) annual in-house staff competency and 
proficiency testing in semen analysis and processing.

In both groups, within 15–60 min after preparation, the post- 
washed sample was used for insemination in the woman’s uterus 
via a soft catheter Gynetics® (Gyn�etics, Belgium). Women were 
asked to take bed rest for about 15 min before discharge.

Luteal phase support consisted of 200 mg micronized progester
one twice daily (Cyclogest® 200 mg, Actavis, UK), starting from the 
day of insemination until the pregnancy test was performed. In 
case of pregnancy, luteal phase support was continued up to 
7 weeks’ gestation. Ultrasonography was performed at gestational 
weeks 7 and 12. Follow-up and management of pregnant people 
were performed per routine clinical practice during their gesta
tional period.

Outcomes
The primary outcome was live birth after the first IUI cycle. Live 
birth was defined as the complete expulsion or extraction from 
the uterus of a product of fertilization after 24 completed weeks of 
gestational age, which, after such separation, breathes or shows 
any other evidence of life, such as heartbeat, umbilical cord pulsa
tion, or definite movement of voluntary muscles, irrespective of 

whether the umbilical cord has been cut or the placenta is at
tached. Twin delivery was considered as a single count.

Secondary outcomes were total motile sperm count (TMSC) 
after sperm preparation, biochemical pregnancy, clinical preg
nancy, ongoing pregnancy, ectopic pregnancy, multiple preg
nancy, vanishing twin and miscarriage, gestational age at 
delivery, preterm delivery, spontaneous preterm delivery, iatro
genic preterm delivery before weeks 24, 28, 32, or 37 of gestation, 
stillbirth, birthweight, low birthweight, very low birthweight, 
high birthweight, very high birthweight, 1- and 5-min Apgar 
score, admission to neonatal intensive care unit (NICU)  and con
genital abnormalities. Recovery rate, defined as the number of 
motile sperm after preparation in relation to the total number of 
motile sperm before preparation, was added post-hoc as a sec
ondary outcome.

Statistical analysis
Prior to the study, the live birth rate after IUI using DG for sperm 
preparation at IVFMD was 13.4% per cycle. Assuming that the 
clinically relevant difference in live birth rate between the two 
methods was 5%, we needed 912 couples (456 per arm) (80% 
power, two-sided alpha of 0.05, loss to follow-up, and cross-over 
rate 10%). The 5% difference was chosen as a clinically relevant 
difference based on the simplicity, and minimal invasiveness of 
the procedures, as well as to ensure a reliable statistical power. 
We planned an interim analysis after enrolling the first 456 par
ticipants, using ongoing pregnancy as endpoint. A two-sided sig
nificance test with the Haybittle–Peto spending function was 
used, with a type I error rate of 5% and stopping criteria of 
P< 0.001 (Z-alpha¼ 3.29) for differences in ongoing pregnancy 
rates. After 456 couples had been enrolled (6 August 2021), ongo
ing pregnancy results were available in 192 couples in the SU 
group and 188 couples in the DG group. The interim analysis did 
not show a reason to stop the study early.

The primary statistical analysis was conducted on an 
intention-to-treat basis using the R statistical program (R 
Foundation, Vienna, Austria, version 4.3.0). Baseline data were 
presented using descriptive statistics (mean and SD for normally 
distributed variables or median and interquartile range for 
skewed variables). Categorical data were presented as number 
(%). The primary outcome, live birth rate after the first IUI cycle, 
was compared between groups by calculating the relative risk (RR) 
and the associated 95% CI. Between-group differences in second
ary endpoints were analysed using parametric methods (normally 
distributed data), nonparametric methods (skewed data), or 
Fisher’s exact test (categorical variables) and were reported as RR 
and 95% CIs. The absolute differences and the 95% CI of skewed 
data were calculated using the Hodges–Lehman method. Pre- 
planned subgroup analysis was performed to examine the live 
birth rate stratified by IUI indications and post-washed TMSC, 
which was divided into five groups: <1, ≥1 and <5, ≥5 and <10, 
≥10 and <20, and ≥20 million. Live birth rates and post-washed 
TMSC stratified by different embryologists handling the samples 
were also performed as post-hoc analysis. A P-value of <0.05 was 
considered to indicate statistically significant differences.

Results
Between 7 August 2020 and 29 October 2022, a total of 1223 couples 
were assessed for eligibility. Of the 965 eligible couples, 53 couples 
declined to participate. Therefore, 912 couples were randomized to 
SU (n¼ 456) or DG (n¼ 456) (Fig. 1). Baseline characteristics were 
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comparable between the two groups (Table 1). Follow-up was com
pleted on 22 July 2023, with four couples lost to follow-up after the 
confirmation of ongoing pregnancy (Supplementary Table S1). 
Therefore, a total of 908 couples remained in the final analysis.

The primary outcome, live birth after the first IUI cycle, 
occurred in 55 (12.1%) couples in the SU group compared to 
71 (15.7%) couples in the DG group (RR 0.77, 95% CI 0.56 to 1.07, 
P¼ 0.16; absolute risk difference −3.6%, 95% CI −8.08 to 0.91) 
(Table 2). There were lower rates of clinical pregnancy and ongo
ing pregnancy in couples treated by SU compared to those 
treated by DG. However, these differences were not statistically 
significant. The median post-washed TMSC in the SU and DG 
groups showed no significant difference (Table 2). Obstetrics and 
neonatal outcomes were also comparable between the two 
groups (Table 3). Pre-planned subgroup analysis showed that the 
live birth rate was not materially affected by the IUI indications 
or the post-washed TMSC (<1, ≥1 and <5, ≥5 and <10, ≥10 and 
<20, and ≥20 million) (Supplementary Table S2). In a post-hoc 
analysis, the sperm recovery rate was significantly lower in the 
SU group compared to that in the DG group (absolute difference 
−1.5, 95% CI −2.6 to −0.5; Table 2). Live birth rates and post- 

washed TMSC were also comparable between the two groups, re
gardless of the different embryologists handling the samples 
(Supplementary Tables S3 and S4).

Discussion
In this RCT, we found that DG resulted in a 3.6% increase in live 
birth compared to SU. However, this difference was not statisti
cally significant. The same trend in clinical and ongoing preg
nancy was found. Obstetrics and neonatal outcomes were also 
comparable between the two groups.

The aim of sperm preparation is to separate normal sperm 
from the debris of the ejaculate and, in the case of IUI, to yield as 
many normal, motile, and high-fertilization-capacity spermato
zoa as possible. The SU method is based on the ability of the sper
matozoa to swim. In this procedure, the motile spermatozoa 
swim up to the culture medium layered over the liquified semen. 
For DG, centrifugation is used to separate spermatozoa according 
to their density. By this way, the motile, functional spermatozoa 
can be selected in the solution with the highest concentration 
(Henkel and Schill, 2003). Because of the fundamental differences 

Figure 1. Trial profile.
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in these two methods, one might expect that there would also be 
a difference in the treatment outcomes. In fact, this has been a 
matter of debate for many years (Dodson et al., 1998; Morshedi 
et al., 2003; Karamahmutoglu et al., 2014; Butt and Chohan, 2016).

Our trial is the first to report on live birth within a robust de
sign and an adequate sample size. Although there was no signifi
cant difference in all pre-defined outcomes, DG resulted in a 3.6% 
increase in live birth rate. This suggests that the chance of having 
a live birth when using DG could be 20% higher than that when 
using SU. While the CI mostly aligns with an improved chance of 
live birth with DG, given the simplicity and minimal invasiveness 
of the procedure, this difference could be clinically significant. 
However, further research is needed to confirm this finding. Our 
post-hoc analysis showed that DG resulted in a significantly 
higher recovery rate compared to SU. While caution is needed in 
the interpretation of a post-hoc analysis, this finding aligns with 
the latest Cochrane review (Boomsma et al., 2019) and with the 
WHO guidelines (WHO, 2010, 2021). While SU method selects 
highly motile sperm and may be preferable for good-quality sam
ples, the DG method can recover a greater number of motile 
sperm and may be suitable for all sample types (WHO, 2010, 
2021). Consequently, DG appears to be the preferred approach for 
sperm preparation prior to IUI, despite our findings not having 
revealed a significant difference between the two methods.

Post-washed TMSC has been suggested as one of the important 
factors affecting the success of IUI. However, while some studies 
indicated an association between ongoing pregnancy and post- 
washed TMSC (Ok et al., 2013; Hansen et al., 2020; Muthigi et al., 
2021), others showed that post-washed TMSC had no effect on 

pregnancy outcomes (Lemmens et al., 2016; Findeklee et al., 2020; 
Liu et al., 2021). In this study, we also found that live birth rates 
were not materially affected by the IUI indications and the post- 
washed TMSC in both SU and DG groups. Additionally, the median 
post-washed TMSC was comparable between the two groups, al
beit there was a non-statistically significant 3.6% higher live birth 
rate in the DG group. The rationales behind these findings need to 
be elucidated in future research.

There are limited data on the safety profile of sperm prepara
tion techniques. There are so far no adverse events reported, ei
ther with SU or DG, as long as the handling strictly adheres to the 
WHO guidelines (Cohlen et al., 2018). DNA fragmentation is the 
most frequently cited potential side effect with sperm prepara
tion (Baldi et al., 2020). However, most data are derived from ob
servational studies (Balasuriya et al., 2014; Zhao et al., 2016; Raad 
et al., 2021; Le et al., 2022). In an RCT involving a limited number 
of infertile men (n¼ 65), the authors showed that SU significantly 
decreases sperm DNA fragmentation (SDF) rate in both unex
plained and mild male factor infertility (Oguz et al., 2018). Future 
studies, in a randomized setting and with adequately large sam
ple size, should investigate the relationship between sperm prep
aration methods and DNA integrity to provide a more holistic 
view of their implications for clinical practice.

In addition to effectiveness and safety, the choice between SU or 
DG for couples undergoing IUI would also depend on cost consider
ations. While SU and DG share many similarities in equipment and 
resources, operational costs may vary due to factors like processing 
time and personnel training. Unfortunately, there is currently no 
report on the cost-effectiveness of these two interventions. 
Therefore, future research should prioritize evaluating the cost- 
effectiveness of both techniques, alongside clinical outcomes.

Strengths of our trial include the use of live birth as primary 
outcome, its randomized design, the adequately large sample 
size, and the low loss of follow-up as well as a limited number of 
embryologists involved in the SU or DG process. All involved 
embryologists had at least 5 years of experience with the proce
dures. However, some limitations need to be considered. First, 
the lack of blinding to laboratory personnel, due to the nature of 
the interventions, could influence the handling and preparation 
of sperm samples. However, this is a common limitation in many 
other studies involving interventions in the laboratory 
(Karamahmutoglu et al., 2014; Munne et al., 2019; Dang et al., 
2021; Wang et al., 2024). In this trial, we tried to minimize this po
tential bias by strictly adhering to the SOPs and ensuring similar 
patient management and protocolized follow-up in both groups. 
Also, the use of live birth as primary outcome helped to prevent 
ascertainment bias. Second, the trial was conducted at two IVF 
centres in Ho Chi Minh City, Vietnam, with most couples being 
young, having an adequate ovarian reserve, and low BMI, and 
90% of couples were in their first treatment attempt. 
Additionally, our trial excludes couples with lower sperm count 
or motility issues, which might compromise the generalizability 
of our findings. Third, the study only focuses on outcomes after 
the first IUI cycle, while the potential cumulative effects over 
multiple cycles could be of interest in clinical practice. The cost- 
effectiveness of the two techniques, which is important for clini
cal decision-making and resource allocation in reproductive 
medicine, was not evaluated. Four, this study does not report any 
adverse events associated with either SU or DG. This is in agree
ment with the wider field, as to the best of the authors’ knowl
edge, so far no adverse events have been reported following 
sperm preparation, either with SU or DG, as long as the handling 
was strictly adhered to WHO guidelines (WHO, 2010, 2021). Fifth, 

Table 1. Baseline characteristics.

Swim-up Density gradients
(n¼456) (n¼456)

Female age (years) 31.2 ± 4.2 31.3 ± 3.8
Male age (years) 33.7 ± 5.1 33.6 ± 4.5
Female BMI (kg/m2) 21.2 ± 2.5 21.5 ± 2.7
Duration of infertility (months) 24.0 [12.0; 36.0] 24.0 [12.0; 36.0]
Female anti-M€ullerian hormone 

(ng/ml)
5.1 ± 3.6 5.3 ± 3.7

IUI indication
Unexplained infertility 155 (34.0) 156 (34.2)
Male factor 44 (9.6) 30 (6.6)
Tubal factor 14 (3.1) 11 (2.4)
Ovulation disorders 153 (33.6) 163 (35.7)
Others 90 (19.7) 96 (21.1)

Primary infertility 288 (63.2) 308 (67.5)
Number of previous 

IUI attempts
0 418 (91.7) 416 (91.2)
1 38 (8.3) 40 (8.8)

Type of ovulation induction
hMG 278 (60.9) 280 (61.4)
AI 144 (31.6) 138 (30.3)
AI þ hMG 34 (7.5) 38 (8.3)

Endometrium thickness (mm) 10.3 ± 2.0 10.4 ± 2.0
Days of abstinence (days) 2.4 ± 1.1 2.4 ± 1.9
Semen volume (ml) 2.6 ± 1.3 2.5 ± 1.1
Sperm concentration (mil

lion/ml)
39.5 [25.0; 55.2] 38.0 [25.0; 55.0]

Total sperm count (million) 86.7 [54.3; 137.9] 86.0 [52.4; 136.5]
Sperm motility (%) 44.7 ± 8.4 44.2 ± 9.1
Total motile sperm 

count (million)
38.4 [22.3; 63.1] 37.8 [20.8; 63.7]

Sperm with normal morphology 
(%)�

2.0 [1.0; 3.0] 2.0 [1.0; 3.0]

Plus–minus values are means ± SD; median [IQR]; N (%).
� Data from samples obtained during the first consultation.

AI: aromatase inhibitor; IQR: interquartile range.
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DNA integrity, which is often cited as a potential side effect of 
sperm preparation, was not evaluated in our trial. While some 
evidence suggests that SDF may be a potential predictor of preg
nancy outcome after IUI (Chen et al., 2019), the ideal method to 
measure DNA fragmentation and its optimal thresholds are still 
to be determined. Moreover, at present, limited data exist con
cerning the clinical utility of medical and surgical interventions 
to alleviate SDF (Esteves et al., 2020). Sixth, although evidence on 
the interval between preparation and insemination is inconclu
sive (Kuru Pekcan et al., 2018; Punjabi et al., 2021; Statema- 
Lohmeijer et al., 2023), the broad interval in our study (15–60 min) 
might introduce variability in the sperm quality. Last, the wide CI 

in the primary outcome suggests that our trial was powered to 
detect a 5% difference but could not rule out a smaller difference, 
which might be preferred in some other settings.

In conclusion, in infertile couples undergoing IUI, SU and DG 
did not result in statistically significantly different live birth 
rates. The decision on which to use might depend more on practi
cal factors such as processing time and how easy it is to stan
dardize the method.

Supplementary data
Supplementary data are available at Human Reproduction online.

Table 2. Fertility outcomes.

Swim-up Density gradients Absolute difference Relative risk
P-values(n¼455) (n¼453) (95% CI) (95% CI)

Primary outcome
Live birth (%) 55 (12.1) 71 (15.7) −3.6 (−8.08 to 0.91) 0.77 (0.56 to 1.07) 0.16
Secondary outcomes
Biochemical pregnancy (%) 85 (18.7) 101 (22.3) −3.6 (−8.86 to 1.63) 0.84 (0.65 to 1.08) 0.86
Clinical pregnancy (%) 64 (14.1) 80 (17.7) −3.6 (−8.34 to 1.15) 0.8 (0.59 to 1.08) 0.17
Ongoing pregnancy (%) 59 (13.0) 73 (16.1) −3.1 (−7.73 to 1.43) 0.81 (0.59 to 1.11) 0.17
Ectopic pregnancy (%) 3 (0.7) 5 (1.1) −0.4 (−1.66 to 0.77) 0.6 (0.14 to 2.48) 0.73
Multiple pregnancy (%) 7 (1.5) 9 (2.0) −0.5 (−2.16 to 1.26) 0.77 (0.29 to 2.06) 0.50

Twins 6 (1.3) 6 (1.3) 0 (−1.49 to 1.48) 1.0 (0.33 to 3.1) 0.95
Higher orders 1 (0.2) 3 (0.7) −0.5 (−1.30 to 0.42) 0.33 (0.03 to 3.18) 0.31

Foetal reduction (%) 2 (0.4) 2 (0.4) 0 (−0.86 to 0.86) 1.0 (0.14 to 7.03) 0.95
Vanishing twins (%) 2 (0.4) 1 (0.2) 0.2 (−0.53 to 0.96) 2.0 (0.18 to 21.86) 0.95
Miscarriage 4 (0.9) 3 (0.7) 0.2 (−0.92 to 1.35) 1.33 (0.3 to 5.89) 0.71
Post-washed total motile sperm count (millions) 9.0 [5.0; 13.5] 9.0 [5.0; 15.6] 0 (−1.2 to 1.04) – 0.50
Sperm recovery rate� (%) 23.7 ± 8.8 25.1 ± 7.8 −1.5 (−2.6 to −0.5) – 0.008

� Post-hoc analysis; plus–minus values are means ± SD; median [IQR]; N (%).
IQR: interquartile range.

Table 3. Obstetrics and perinatal outcomes.

Swim-up Density gradients Absolute difference Relative risk
P-values(n¼455) (n¼453) (95% CI) (95% CI)

Obstetrics outcomes
Gestational age at delivery (weeks) 38.4 ± 1.3 38.0 ± 1.7 0.4 (−0.2 to 1.1) – 0.17
Stillbirth 0 0 – – –
Premature birth
Delivery <24 weeks 0 0 – – –
Delivery 24–<28 weeks 0 0 – – –
Delivery 28–<32 weeks 0 1 (0.2) −0.2 (−0.65 to 0.21) – –
Delivery 32–<37 weeks 6 (1.3) 9 (2.0) −0.7 (−2.33 to 0.99) 0.66 (0.24 to 1.85) 0.43
Spontaneous delivery <24 weeks 0 0 – – –
Spontaneous delivery 24–<28 weeks 0 0 – – –
Spontaneous delivery 28–<32 weeks 0 1 (0.2) −0.2 (−0.65 to 0.21) – –
Spontaneous delivery 32–<37 weeks 5 (1.1) 9 (2.0) −0.9 (−2.49 to 0.71) 0.55 (0.19 to 1.64) 0.28
Iatrogenic delivery <24 weeks 0 0 – – –
Iatrogenic delivery 24–<28 weeks 0 0 – – –
Iatrogenic delivery 28–<32 weeks 0 0 – – –
Iatrogenic delivery 32–<37 weeks 1 (0.2) 0 0.2 (−0.21 to 0.65) – –
Neonatal outcomes N¼ 58 N¼ 76
Singleton 52 (89.7) 66 (86.8) 2.9 (−8.10 to 13.73) – –
Twins 6 (10.3) 10 (13.2) −2.9 (−13.73 to 8.10) – –
Birthweight (g)

Singleton 3164.4 ± 414.0 3029.2 ± 436.4 135.2 (−21.2 to 291.5) – 0.09
Twins 2233.3 ± 250.3 2405.0 ± 476.4 −171.7 (−562.4 to 219.0) – 0.36

Low birthweight (%)� 3/52 (5.8) 6/66 (9.1) – 0.63 (0.17 to 2.42) 0.51
Very low birthweight (%)� 0 0 – – –
High birthweight (%)� 1/52 (1.9) 0 1.92 (−1.81 to 5.66) – –
Very high birthweight (%)� 1/52 (1.9) 0 1.92 (−1.81 to 5.66) – –
1-min Apgar score 8.0 [8.0; 8.0] 8.0 [8.0; 8.0] 0 (−0.4 to 0.4) – 0.95
5-min Apgar score 9.0 [9.0; 9.0] 9.0 [9.0; 9.0] 0.1 (−0.2 to 0.5) – 0.42

Plus–minus values are means ± SD; median [IQR]; N (%).
� Calculated on the population of singleton.

IQR: interquartile range.
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