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Abstract
Purpose To explore clinical benefit of performing two intrauterine inseminations (IUI) 24 h apart—a double IUI vs. a single IUI
among lesbian and single women.
Methods Retrospective cohort study using electronic medical record review during a 17-year period (11/1999–3/2017). A total
of 11,396 patients at a single academic-affiliated private practice were included in this study. All cycles with a single or double
IUI were included. A sub-analysis of first cycles only (n = 10,413) was also performed. Canceled IVF cycles converted to IUI
were excluded. T tests and Wilcoxon rank-sum tests were used for continuous data, and chi-square for categorical data.
Multivariable logistic regression controlled for patient age, day 3 follicle-stimulating hormone (D3 FSH), body mass index
(BMI), peak estradiol (E2), and post-wash total motile sperm counts to model the association between IUI number and ongoing
pregnancy rate (OPR) according to sperm source (autologous vs. donor). Generalized estimating equations and mixed effect
models accounted for multiple cycles from the same woman. Adjusted odds ratio (AOR) with 95% CI was determined. Sub-
analyses of sexual orientation and partner status were performed to compare heterosexual couples with proven infertility to
women with lesbian and single women.
Results During the study period, 22,452 cycles met inclusion criteria (single IUI 1283 vs. double IUI 21,169). Mean patient age
and BMI were similar between groups. For couples using autologous sperm, OPR was significantly higher with double IUI
(12.0% vs. 14.1%; p = 0.0380). A similar increase was observed for donor sperm OPR among heterosexual couples (14.4% vs.
16.2%), though this did not reach statistical significance (p = 0.395). A sub-analysis restricted to donor sperm demonstrates a
clinical benefit of second IUI in heterosexual couples, 8.5% vs. 17.6% OPR (AOR 2.94; CI 1.00–10.99; p = 0.0496). When
lesbian and single patients were evaluated, there was no difference (17.2% vs. 15.2%; AOR 0.99; CI 0.59–1.70; p = 0.0958).
Conclusions Double IUI is associated with a significantly higher OPR for heterosexual couples using an autologous or donor
sperm source. The benefit of a second IUI is less clear in patients with undocumented fertility status using donor sperm, such as
single and lesbian women.
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Introduction

In response to changes in demographic trends as well as fam-
ily structure and dynamics, the ethics committee of the
American Society for Reproductive Medicine (ASRM) has
released opinions encouraging comparable access to fertility
treatment for lesbian, gay, bisexual, transgender, and queer/
questioning (LGBTQ) persons as well as for single individ-
uals and unmarried heterosexual couples [1, 2]. As similarly
addressed in a report by the Institute ofMedicine (IOM), these
opinions highlight a paucity of data regarding the unique con-
siderations in caring for the LGBTQ population [3]. Notably, a
recent retrospective chart review of a university-based fertility
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center demonstrated that the majority of patients utilizing ther-
apeutic donor insemination (TDI) were lesbians couples
(41%) compared with only 0.7% in 1985 [4]. In this same
study, 29% were single women and 28% were heterosexual
couples [4]. Furthermore, as a growing number of women
delay childbearing due to professional and educational goals,
there has been an increase in the incidence of births to
single and unmarried women [2].

Lesbian and single women presenting to fertility
clinics to access assisted reproductive technologies
(ART) may not meet standard criteria for infertility di-
agnoses. In fact, one could hypothesize that this popu-
lation would have similar if not higher rates of repro-
ductive success when compared with heterosexual
couples seeing reproductive endocrinologists [5]. A
prior study that controlled for age and hormonal stimu-
lation showed that lesbian couples have higher pregnan-
cy rates than single women [6].

While intrauterine insemination is often used as first-
line treatment in single women and lesbian patients, there
is still debate on how to best optimize protocols for this
population. Specifically, patients may do natural IUI timed
to their LH surge, or use oral medications (clomiphene
citrate or letrozole) or injectable gonadotropins for ovula-
tion induction or superovulation. Clinic protocols may
vary in the timing and frequency of inseminations per-
f o rmed [ 6–9 ] . Sp e c i f i c a l l y, p e r f o rm ing two
inseminations, double insemination, has been described as
a method to increase the likelihood of success by increas-
ing the opportunity for fertilization; however, a consensus
has yet to be reached due to heterogeneity of studies and
conflicting conclusions from systematic reviews [10, 11].
Notably, a Cochrane review initially dismissed the benefit
of second insemination in an original report but when
including an additional study [12] actually found an ad-
vantage to double IUI protocols [10, 11]. In the following
years, additional studies reported benefits as high as a
twofold increase in pregnancies with double IUI compared
with single IUI whereas others only showed a non-
significant trend towards a benefit [13, 14]. More recent
data show increased pregnancy rate with double IUI in
patient with male factor infertility and ovulatory dysfunc-
tion [15, 16]. Interestingly, almost all of these studies were
focused on autologous sperm source; however, there are
some smaller studies and one larger study using donor
sperm with conflicting results [17–20]. In patients with
unproven fertility status, it is not known whether double
IUI improves pregnancy rates in patients using donor
sperm. Additionally, while some previous analyses used
aggregate data including single and same-sex female cou-
ples, this will be the first paper specifically investigating
single vs. double intrauterine insemination in both single
and lesbian women.

Materials and methods

Patients

Using electronically extracted retrospective data from an
academic-affiliated private practice during a 17-year period
(11/99–3/17), we investigated all cycles with a single or double
IUI performed. A total of 22,452 cycles and 11,396 patients
were included in this study. Inclusion criteria were all patients
at our clinic undergoing a single or double IUI completed dur-
ing 11/1999–3/2017 regardless of sperm source. We included
all cycle types including natural IUI, ovulation induction (clo-
miphene citrate or letrozole) IUI, and gonadotropin IUI.
Canceled in vitro fertilization (IVF) cycles converted to IUI
were excluded as were any cycles with incomplete data. IUI
cycle cancelation occurred after clinician counseling in the set-
ting of an increased risk of higher order multiple gestation (e.g.,
age, estradiol level > 1000 pg/mL, > 3 lead follicles), inade-
quate response, or premature ovulation. Incomplete cycle data
was most commonly due to D3 FSH values (8383 of 30,835
cycles). In order to identify lesbian patients, patient gender was
compared with the gender of the linked partner’s electronic
medical record. Single women were not linked to a partner’s
record. All female patients in our practice, regardless of sexual
orientation or partner status, undergo routine fertility evalua-
tion, including day 3 hormones, sonogram for uterine patholo-
gy and antral follicle count, and tubal evaluation with hystero-
salpingogram. If the patient has amale partner, a semen analysis
is performed. In the case of donor sperm, a combination of
anonymous sperm banks and known donors were used. The
study procedures were exempt from review and no additional
approval from Institutional Review Board (IRB) was needed.

Outcome

Our primary outcome was ongoing pregnancy rate (OPR) de-
fined as fetal cardiac activity > 7 weeks.

Protocol

In our practice, the standard of care is to perform two insem-
inations in a given cycle. Those who elected to perform single
IUI were left to the discretion of the patient and provider (e.g.,
financial barriers, scheduling conflicts, or surging without
trigger). Trigger guidelines for ovulation induction or super
ovulation with oral agents were based on a lead follicle greater
than 20–22 mm in maximal dimension whereas 18–19 mm
was used for injectable IUI cycles. Ovidrel® (premixed, pre-
filled syringe, 250 mcg of r-hCG in a 0.5 cc solution) was used
regardless of insemination number. In double IUIs, the first
insemination occurred 12 h after Ovidrel® trigger injection
and the second was approximately 36 h. Single IUIs were
performed 36 h after subcutaneous administration of
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Ovidrel®. For patients who surged on their own, one IUI was
performed the following day. Autologous sperm refers to sperm
donated from the patient’s sexually intimate partner as opposed
to using sperm from a designated donor or sperm bank. For the
purposes of this paper, the term “autologous sperm”will be used
in place of “partner’s sperm.” Donor sperm came from both
known donors and anonymous donor banks. During the study
period, the same spermwash and thaw protocols have been used
at our practice, as overseen by the same andrology lab director.

Statistics

T tests andWilcoxon rank-sum and chi-square tests were utilized
for continuous and categorical variables, respectively.
Additionally, multivariable logistic regression controlled for pa-
tient age, D3 FSH, BMI, peak E2, and post-wash total motile
counts. Lastly, generalized estimating equations (GEE) and
mixed effect models (MEM) accounted for multiple cycles from
the same woman. Adjusted odds ratio (AOR) with 95% CI was
determined. A sub-analysis restricted to first cycle was per-
formed only including complete cases (10,413 cycles from
10,413 patients). Incomplete cases (2721 cycles and patients)
most commonly lacked data on D3 FSH. Odds ratio (OR) were
computed by logistic regression and both Wald and likelihood-
ratio test results were calculated. Sub-analyses of sexual orienta-
tion and partner status were also performed to compare hetero-
sexual couples with proven infertility to womenwith lesbian and
single women. Models were selected based on lowest Akaike
information criterion (AIC). Post hoc power analysis was per-
formed using with PS Power (http://biostat.mc.vanderbilt.edu/
wiki/ Main/PowerSampleSize). Given our sample size, we had
80% power (α= 0.05) to detect a 2.3% difference in autologous
OPR and a 5.5% difference in donor OPR.

Results

There were 22,452 cycles (11,396 patients) that met inclusion
criteria (single IUI 1283 vs. double IUI 21,169) during the
study period (Table 1). Demographic characteristics were sim-
ilar between groups with mean patient age 33.7 ± 5.5 vs. 34.6
± 4.5 years old and BMI 25.9 ± 6.5 vs. 26.1 ± 6.6 kg/m2. The
majority of cycles were characterized by two inseminations
per cycle using autologous sperm source.

For couples using autologous sperm, Fig. 1 shows that
OPRs were significantly higher with double IUI (12.0% vs.
14.5%; AOR 1.27; CI 1.01–1.61, p = 0.0380, GEE p =
0.0360). Sub-analysis of first cycles only demonstrated similar
findings: the OPR among couples using autologous sperm
(n = 9755) was 10.8% with one IUI and 14.9% with two IUI
(AOR 1.46; CI1.09–1.95; p = 0.0100). A similar direction and
magnitude of effect was observed for donor sperm OPR,
though this did not reach statistical significance in the primary

analysis of all cycles (n = 1648; AOR 1.23; CI 0.77–2.06; p =
0.400, GEE p = 0.435) or a sub-analysis of first cycles only
(n = 658; AOR 1.25; CI 0.613–2.56; p = 0.536). Lesbian and
single women were significantly more likely to undergo single
IUI (RR 1.35, 95% CI 1.11–1.65; P = 0.00300).

Figure 2 shows a sub-analysis restricted to donor sperm
and demonstrates a clinical benefit of second IUI in hetero-
sexual couples, 8.5% (n = 5/59) vs. 17.6% (n = 105/597) OPR
(n = 656; AOR 2.94; CI 1.00–10.99; p = 0.0496; GEE p =
0.0660). The benefit of a second IUI persisted in the sub-
analysis of heterosexual couples using donor sperm in their
first cycle 9.5% (n = 2/21) vs. 16.7% (n = 38/228) OPR (n =
249; AOR 2.75; CI 0.424–17.8; p = 0.289). When lesbian and
single patients were evaluated, there was no difference in OPR
between one and two IUI in the primary analysis of all cycles
(n = 992; 17.2% [n = 22/128] vs. 15.2% [n = 131/864]; AOR
0.99; CI 0.59–1.70; p = 0.0958; GEE p = 0.981) and the sub-
analysis of first cycles only (n = 409; 16.9% vs. 15.1%; CI
0.46–2.22; p = 0.990).

Discussion

The primary finding of this study is that double IUI as com-
pared with single IUI may not be necessary in those with
unproven fertility status such as lesbian and single women.
Notably, double IUI was shown to increase the OPR among
infertile heterosexual couples regardless of sperm source. To
the author’s knowledge, this will be one of the largest studies
to date investigating single vs. double IUI using donor sperm.

Clinical protocols for IUI cycles vary from practice to prac-
tice. Specifically, some practitioners routinely perform one
insemination per cycle (single IUI) whereas others perform
two (double IUI) [8].

Prior systematic reviews have not agreed upon a definitive
answer regarding the debate on single vs. double IUI; howev-
er, this study adds a large sample supporting the use of double
IUI in heterosexual couples [10, 13, 21, 22]. Notably, this held
true when using either an autologous or donor sperm source;
however, in the latter case of donor sperm in a sub-analysis
among hetersexual couples, the statistical significance was
modest (p = 0.0496, CI 1.00–10.99). The benefit of a second
insemination with donor sperm is similar to results from some
[19, 20] but not all prior studies [17, 18]. One similar study
with a large sample size (over 3000 cycles) highlighted small
sample sizes and conflicting results in historic literature re-
garding IUI using donor sperm. Our study provides 1648
more donor IUI cycles to the existing literature and notably
expands sub-analyses to include sexual orientation and partner
status. Given a lack of infertility diagnosis for most single and
lesbian women, one could hypothesize that fewer interven-
tions would be necessary to achieve reproductive success in
these populations. Interestingly, a recent study reported that

J Assist Reprod Genet (2019) 36:2095–2101 2097

http://biostat.mc.vanderbilt.edu/wiki/
http://biostat.mc.vanderbilt.edu/wiki/


lesbian couples may have even higher pregnancy rates than
single women [6]. However, Nordqvist et al. only showed a
significantly higher pregnancy rate in lesbian couples but not
an increase in live birth rate [23]. Methodologic flaws have
been highlighted including a small sample size and poorly
controlling for confounders [5]. In the present study, we used
a larger sample size and controlled for important confounders
finding that an added benefit for second insemination was not
seen in lesbian and single women.

This study is limited by its retrospective design with the
intervention of choice (single vs. double IUI) being chosen by

patient and/or physician possibly introducing selection bias.
Our power analysis was post hoc of a convenience sample,
and the study was only powered to detect a difference in donor
OPR > 5.5%. Of note, 27% of IUI cycles (n = 8383/30,835)
were excluded due to missing D3 FSH values. Some lesbian
patients may be misclassified as single women if they withheld
information regarding their partner status. Interestingly, lesbian
patients in particular may be more likely to avoid medical in-
tervention and only present for consultation after failed home
vaginal insemination with donor sperm or samples from known
acquaintances [6]. We did not collect data on whether or not

Table 1 Demographic
characteristics and treatment
parameters (all patients)

Single IUI (n = 1283) Double IUI (n = 21,169)

Age (year) 34.0 ± 5.38 34.7 ± 4.49

BMI (kg/m2)1 26.0 ± 6.40 26.1 ± 6.56

Cycle number, n (%)

• < 3 • 954 (74%) • 15,331 (72%)

• > 3 • 329 (26%) • 5838 (28%)

Donor sperm, n (%)

• Donor • 187(15%) • 1461(6.9%)

• Autologous • 1096(85%) • 19,708 (93%)

Stimulation type

• Clomiphene • 357 (28%) • 4140 (20%)

• Letrozole • 51 (4.0%) • 343 (1.6%)

• Natural • 141 (11%) • 822 (3.9%)

• Gonadotropin • 711 (55%) • 15,454 (73%)

• Unknown • 23 (1.8%) • 410 (1.9%)

Number of follicles (> 17 mm) 0.943 ± 0.933 1.008 ± 0.941

Peak estradiol (pg/mL) 454.79 ± 415 508.81 ± 407

Post-wash total motile sperm count #1 (M)2 36.42 ± 45.9 49.72 ± 53.2

Post-wash total motile sperm count #2 (M)2 – 38.20 ± 38.2

11016 cycles were excluded due to either missing data or extremeBMI values (< 10 and > 70 kg/m2 ). 2 314 cycles
were excluded due to either missing data or extreme values for post tot mot (> 2000 M)

Fig. 1 Analysis of OPR from all
cycles according to IUI number
and sperm source
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patients had failed home insemination. Unfortunately, live birth
outcomes were not available and thus not included in analysis.

To the authors’ knowledge, this is the largest study of IUI
outcomes according to sexual orientation and partner status.
Other strengths of the study include an improvement upon prior
studies investigating single women and lesbian patients by using
a large sample size and by using multivariable analysis con-
trolled formultiple cycles contributed by the samewoman, along
with addressing important confounders such as age, D3 FSH,
BMI, peak E2, and post-wash total motile counts [5]. Given that
a majority (58%) of pregnancy losses after ART occur before
6 weeks’ gestation, we used OPR, defined as fetal cardiac activ-
ity > 7 weeks, as a surrogate marker in this study [24].

While previous research suggests that ovarian reserve, spe-
cifically antral follicle count, does not predict clinical pregnancy
and miscarriage rate for unstimulated therapeutic donor insem-
ination (TDI), a secondary analysis of two randomized-
controlled trials demonstrated that patients with D3 FSH 10–
15 mIU/mL were unlikely to achieve live birth after gonadotro-
pin IUI [25, 26]. As a result, D3 FSHwas included in our model
to control for the heterogeneous group of patients included in the
analysis. For heterosexual couples, a benefit of second IUI was
observed that was not seen in lesbian and single patients. Our
findings are consistent with an a priori assumption that OPR
should be similar or higher in patients with unknown/
presumed fertility given no medical indication for decreased
fertility. Specifically, single individuals and lesbian patients of-
ten seek fertility treatment for family building not because they
are infertile. Additionally, one would expect that among hetero-
sexual couples using donor sperm, there may be other female
factors contributing to their diagnosis of infertility. To account
for multiple cycles per patient, we performed GEE and MEM
taking into account important confounders and their interac-
tions. Of note, a sub-analysis restricted to first cycle only to
control for the effect of having the same patient in multiple
cycles demonstrated similar findings.

Our results will also contribute to the ongoing conversation
regarding how to best tailor IUI protocols not only for the
infertile population-at-large but also for single women and
the LGBTQ community. This study adds to the growing body
of literature surrounding IUI optimization and provides good
evidence for the use of double IUI in heterosexual couples
using autologous sperm and possibly with the use of donor
sperm as well.

Current trends demonstrate national increases in LGBTQ-
identified patents pursuing assisted reproductive technologies
for their family building needs [27]. Given that married same-
sex couples are more likely to have children when compared
with their unmarried counterparts, the landmark decision of
Obergefell v. Hodges, guaranteeing the right to marry for
same-sex couples, will likely even further increase the demand
of LGBTQ fertility treatment across the country [27, 28].
Significantly, LGBTQ individuals are even more likely to be
unaware of the risk factors of infertility as has been previously
shown in reproductive-aged women [29]. This may further
delay seeking out treatment and serves as a barrier to care that
is only further exacerbated by a perceived lack of provider
knowledge and support [30]. Clinics with LGBTQ website
content are disproportionately located in the west or northeast-
ern regions of the USA making access particularly difficult in
certain geographical areas [27]. Notably, given similar clinical
outcomes in single vs. double IUI, the routine use of single IUI
in single individuals and lesbian couples could substantially
reduce cost (~ $800 more per cycle) associated with donor
sperm in these population [20]. The results from this study
and additional studies could be used to generate evidence-
based guidelines and provide reproductive endocrinologists
with the opportunity to help improve health literacy and re-
productive health outcomes as well as decreased cost in the
LGBTQ patient population. Incorporating LGBTQ specific
family building research on websites and clinical protocols
may help reduce logistical and financial barriers.

Fig. 2 Sub-analysis of OPR from
donor IUI according to sexual
orientation and partner status
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Our study adds to a growing body of literature focused spe-
cifically on single and lesbian women; however, there are still
many unanswered questions particularly with regard to LGBTQ
fertility. Because lesbian couples have the unique ability to have
two partners potentially capable of undergoing therapy, future
studies could investigate success of the couple instead of the
individual should multiple cycles with different partner be per-
formed. Notably, a recent interview with a LGBTQ fertility
expert and a subsequent separate study highlighted a deficit in
research specifically dedicated to fertility preservation in the the
transgender population despite the fact that as many as a quarter
of transgender men express a desire to carry pregnancy [31, 32].
But without sufficient education and research, the LGBTQ pop-
ulation may only attempt treatment at home without presenting
for a consultation with a reproductive endocrinologist. A qual-
itative study in Canada showed that lesbian and bisexual women
choosing to have children were satisfied with care from mid-
wives, doulas, and public health nurses but found fertility ser-
vices unsupportive and were dissatisfied with physician care
[30]. Healthcare providers and practices would benefit from
additional LGBTQ focused training and research in order to
develop evidence-based practices in caring for the special needs
of this patient population.

In our present study, double IUI is associated with signifi-
cantly higher OPR for heterosexual couples using an autolo-
gous or donor sperm source while the benefit of a second IUI
was not found in patients with undocumented infertility using
donor sperm, such as lesbian and single women. These data
add to the growing literature about reproductive outcomes in
the LGBTQ population. This work also highlights the impor-
tance of providing tailored medical care and the need for in-
formed choices specifically in the setting of unproven fertility
status. Our findings contribute to an ongoing discussion re-
garding the continued optimization of IUI protocols specifi-
cally within the context of single vs. double insemination
when using either autologous or donor sperm.
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