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Introduction
Human desire to pre select baby gender has a long history and 

possibly existed in all cultures.1 The reasons include; cultural, social 
and economic preferences, gene linked diseases and family balancing.2 
Even the infertile patients have significant demand for preimplantation 
sex selection, with a significant portion of this demand coming from 
patients who do not have any child or have all children of same sex.3 

The publication of article on separation of X- and Y- bearing 
spermatozoa using albumin gradients4 gained high popularity. Later, 
another study5 suggested the possibility that the swim-up technique 
may help preselect male offspring. The density gradient procedure 
is reported to concentrate X-bearing sperm in the sediment. Kaneko 
et al 19836 found that after centrifugation, the content of Y-bearing 
sperm in the fraction lighter than 1.06gm/ml was 73.1%±3.3% 
and was reduced gradually along the density increment and it was 
27.4%±3.4% in the sediment (more than 1.11gm/ml).

Several studies have been carried out to select desired gender of 
baby with conflicting results. Non-significant influence was found 
on the mean ratio of X- to Y-bearing spermatozoa after semen was 
prepared with Percoll gradients or after swim up as compared to that 
in fresh semen.7,8 Before the advent of pre-implantation genetic testing 
(PGT), the most common laboratory procedures used for sperm 
separation were gradient filtration, swim up or swim down, albumin 
gradient filtration and sperm sorting by flow cytometry followed by 
IUI or ICSI. However, due to high cost of flow cytometry technique 
and PGT, most laboratories use either gradient or swim up procedure. 

The underlying concept is that swim-up technique enriches Y-bearing 
sperm and density-gradient separation enriches X- bearing sperm. 
Among the sperm separation techniques, sperm sorting by flow 
cytometry separated X and Y bearing sperm deviating significantly 
from the natural ratio of 50:50 but not 100%. The actual outcome 
is measured based on the delivery of desired gender as fertilization 
may happen by any sperm X or Y if the separation techniques is 
not separating at 100% level. The objectives of this study were to 
investigate whether swim-up; density gradient and simple wash 
followed by IUI result in significant deviation in the ratio of male and 
female babies.

Materials and methods
The data were collected from 990 couples undergoing IUI cycles 

at Thuriah Medical Center from January 2016 to December 2017. The 
semen was collected on site after 3-5 days abstinence and processed 
by gradient filtration, swim up or simple wash (Figure 1) depending 
on the quality of sample and gender preselection desire of patient. 

The gradients were prepared in 15 mL Falcon conical tube (Fisher 
Scientific); 1.5mL of 80 % gradient (V-Grad 80, VITROMED, 
Germany) at the bottom and 1.5mL of 40% gradient (V-Grad 40, 
VITROMED, Germany) on the top of it. The semen sample was gently 
layered on the top of the 40% gradient. The tube was centrifuged at 
1500rpm for 20 minutes. The pellet was washed in 4mL V-Sperm 
Wash (VITROMED, Germany) by centrifugation at 1500rpm for 8 
minutes. The final pellet was re-suspended in 0.4mL V-Sperm Wash 
for IUI.
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Abstract

Background: Pre selection of baby gender is still desire of many parents. A number 
of procedures have been used including X and Y sperm separation by various semen 
processing procedures for intrauterine insemination (IUI), sperm sorting by flow-
cytometry, fluorescent in situ hybridization and preimplantation genetic testing (PGT). 
Due to low cost, simplicity and easy availability, various X-and Y-bearing sperm 
separation procedures followed by IUI have been commonly used but with conflicting 
accuracy. The most common sperm separation procedures include; gradients filtration, 
swim up, swim down and albumin gradients filtration. The objective of this study was 
to investigate whether swim-up or density gradient semen processing followed by IUI 
results in significant deviation in the ratio of male and female babies. 

Methods: The study was carried out retrospectively at Thuriah Medical Center. The 
data of 990 IUI cycles from Jan 2016 to Dec 2017 were analyzed. The semen samples 
were processed by gradient filtration, swim up or simple wash depending on quality 
of the sample and desire of patient. Data on female and male age, total progressively 
motile sperm inseminated, pregnancy rate and delivery of male or female baby were 
recorded and analyzed. 

Results: Gradient filtration, swim up and simple wash were used in 69, 26 and 5 % 
samples, respectively. Male or female ages in different groups were not significantly 
different (P<0.05). Biochemical pregnancy rates were highest in the swim up group 
and lowest in the simple wash group.

Conclusion: Based on the results of this study, the gender ratio did not change 
significantly from the natural ratio of about 50/50; therefore, sperm separation by 
these procedures for gender selection is not accurate.

Keywords: IUI, gender selection, gradients filtration, swim up, simple wash, 
abortion, PGT
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Figure 1 A graphical presentation of the density gradients, swim up, flow-cytometry and embryo biopsy procedures for baby gender preselection.

For the swim up procedure, each semen sample was mixed 
with equal amount of V-Sperm Wash and gently mixed in a 15mL 
conical tube. The tube was centrifuged at 1500rpm for 10 minutes. 
The supernatant was removed; the pellet was gently layered with 3 
mL V-Sperm Wash and kept in incubator at 37˚C for 30 minutes at 
45 degree angle. The supernatant was gently taken out (leaving the 
pellet undisturbed) into a new tube and centrifuged at 1500rpm for 8 
minutes. The pellet was then re-suspended in 0.4mL for IUI.

The simple wash procedure was used for samples very low in 
sperm concentration. The semen sample was mixed with equal amount 
of V-Sperm Wash and centrifuged at 1500rpm for 10 minutes. The 
supernatant was removed and the pellet was re-suspended in 0.4mL 
V-Sperm Wash for insemination.

The female partners were prepared for IUI procedure per standard 
protocol. Data on female and male age, total motile sperm inseminated, 
pregnancy rate and delivery of male or female baby were recorded 
and analyzed. The data are presented as Mean±SD and compared 
using student t-test for level of significance at 0.05.

Results
The gradients filtration, swim up and simple wash procedures were 

used in 69%; 26% and 5% samples, respectively. The male or female 
ages in different groups were not significantly different (P<0.05). All 

semen samples for the gradient and swim up procedures had final total 
progressively motile sperm concentration more than the 5x106 sperm, 
generally recommended for IUI. The simple wash procedure was used 
only for samples with poor sperm concentration and motility. In this 
group, the average total progressively motile sperm concentration was 
4.5±1.5 million for IUI (Table 1). 

The number of procedures performed for each group, number 
of biochemically pregnant and the biochemical pregnancy rates 
are shown in Table 2. The swim up procedure achieved the highest 
pregnancy rate and the simple wash the lowest (<0.05). The difference 
between gradient and swim up biochemical pregnancy rate was not 
statically significant. The overall biochemical pregnancy rate achieved 
was 17%.

The data on clinical pregnancy rates and gender of the baby born 
in different procedures are shown in Table 3. Although higher clinical 
pregnancy rate was achieved when semen samples were processed 
by swim up, however, this difference was not statistically significant 
(P<0.05). In the density gradient group, which was expected to skew 
the gender ratio to more female born, the male and female ratio was 
48/52. The swim up group which was expected to skew the gender 
ratio to more male born, the gender ratio was 50/50. Therefore, in any 
of the procedures, the gender ratio did not significantly deviate from 
the natural ratio of about 50:50. 
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Table 1 Different types of procedures, patient’s ages and total motile sperm inseminated

Type of procedure No. Percent
Male age Female age Total progress. Motile sperm

Mean±SD Mean±SD Mean±SD

Gradient Procedure 684 69.1 35±6.7 30.3±5.2 19.7±17

Swim-up Procedure 261 26.4 37±7.4 33.2±5.8 25.6±16.8

Simple Wash 45 4.5 33±2.8 29.5±4.2 4.5±1.5

Total Procedures 990 100 35.1 31 16.6

Table 2 Biochemical pregnancy rates achieved after gradient, swim up and simple wash procedures

Procedure type Number No. biochem. pregnant % Biochem. pregnant

Gradient Procedure 684 109 16

Swim Up Procedure 261 54 21

Simple Wash 45 4 9

Total Procedures 990 167 17

Table 3 Comparison of clinical pregnancy rates and type of baby gender after gradient or swim up procedure

Procedure Clinically 
pregnant (#)

Clinically 
pregnant (%) Delivered (#) Male born (#) Male born 

(%)
Female 
born (#)

Female born 
(%)

Gradient 84 12.3 61 29 48 32 52

Swim Up 43 16.3 26 13 50 13 50

Total 127 13 87 42 48 45 52

Discussion
Since many centuries the ability to choose the sex of one’s child 

has been desired by couples. Depending on the existing knowledge 
of the time, suggestions were made to preselect the baby gender. 
Aristotle advised sexual intercourse in Northern wind to get a boy and 
in Southern wind to get a girl. Millot proposed that it depends on the 
side, the female lies at the time of ejaculation: always a boy when she 
is on the right side and always a girl on the left side.9 In 1973, use of 
albumin gradients for separation of X- and Y- bearing spermatozoa 
by Ericson gained high popularity,4 however, conflicting results were 
obtained by other studies. Over the years, the knowledge evolved as 
new technologies became available. Before the advent of PGT, the 
most common laboratory procedures used for sperm separation were 
gradient filtration, swim up or swim down, albumin gradient filtration 
and sperm sorting by flow-cytometry followed by IUI or ICSI. 
However, based on the accuracy, only flow-cytometry and PGT are 
reliable methods.10 Due to relatively higher cost, the patients are still 
being advised to use density gradient or swim up followed by IUI. The 
purpose of this study was to investigate whether semen processing 
by density gradients or swim up procedure produce baby of desired 
gender.

Results of this study indicate that 40/80% gradients and swim up 
procedures failed to deviate child sex ratio from natural 50:50. To our 
knowledge, this is the first study comparing gender outcome of 945 
IUI cycles when sperm were processed by gradients or swim up. The 
preconception or preimplantation sex selection by reliable procedure 
will help avoid abortion. The patients who wish to avoid abortion but 
who desire to select the sex of their offspring should consider either 
flow-cytometry for sperm separation or PGT for embryo sex selection. 
Although the accuracy of the flow-cytometry sperm separation is 
not 100 %, human sperm sorted by flow cytometry can significantly 
increase the likelihood that a child so conceived will be of a desired 
sex.11

In this era of advanced molecular genetic testing and due to the 
unreliable outcome of gradients, swim up and other similar gender 
preselection procedures, precise sex-selection prior to conception 
is desired to completely avoid physical and emotional trauma and 
ethical issues associated with induced abortion.12 Thus, among the 
techniques currently available, PGT of IVF/ICSI embryos followed 
by transfer of embryo (s) of desired gender is the best choice. The 
advances in preconception and preimplantation technologies make it 
clinically possible for parents to select the sex of their future child10 
with almost 100% accuracy.

Conclusion
The data of this study indicate that sperm separation by gradients 

and swim-up does not change gender ratio from the natural 50:50, 
therefore, should not be recommended to patients for the purpose of 
preselection of baby gender.
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