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Introduction: This study assessed fertility knowledge in adults with sickle cell
disease using the Cardiff Fertilty Knowledge Scale and Fertility Treatment
Perception Survey and compared knowledge scores in respondents with sickle
cell disease to previously reported unaffected cohorts.

Methods: This cross-sectional study surveyed adults over age 18 with sickle cell disease
at an adult sickle cell disease center using a 35-question survey addressing infertility risk
factor knowledge and perceptions of fertility treatment. Analyses included summary
statistics for continuous and categorical variables, univariate linear regression, and
Mann-Whitney U tests for group comparisons of Fertility Knowledge Scale scores.
Fertility Treatment Perception Survey scores were measured by medians of the two
positive statements and four negative statements to generate separate positive and
negative treatment belief scores. Statistical significance was setat p < 0.05 for all analyses.
Results: Ninety-two respondents (71 female, 21 male) with median age of 32 years (IQR:
25.0, 42.5) completed the survey between October 2020-May 2021. Sixty-five percent
of respondents reported taking sickle cell disease treatment and 18% reported refusing at
least one sickle cell disease treatment due to fertility concerns. The mean Fertility
Knowledge Score was 49% (SD: 5.2), lower than reported in an international cohort
(57% vs. 49%, p=0.001), and higher than in a cohort of reproductive-aged Black
women in the USA (49% vs. 38%, p = 0.001). Less than 50% of respondents correctly
identified common infertility risk factors including sexually transmitted infections,
advanced age, and obesity. Mean positive fertility perception score was 3 (IQR 3, 4),
and negative fertility perception score was 3.5 (IQR 3, 4). Factors associated with
agreement with negative fertility perception statements included: trying to conceive,
refusing sickle cell disease treatment, and undergoing fertility treatment.

Discussion: Opportunities exist to improve knowledge of infertility risk factors among
adults with sickle cell disease. This study raises the possibility that nearly one in five
adults with sickle cell disease refuse SCD treatment or cure due to infertility concerns.
Education about common infertility risks factors needs to be addressed alongside
disease- and treatment- associated fertility risks.
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Abbreviations

BMT, bone marrow transplantation; CFKS, cardiff fertility knowledge score; DMTs, disease modifying
therapies; FT, fertility treatment; HSCT, hematopoietic stem cell transplantation; STIs, sexually transmitted
infections; SCD, sickle cell disease.
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Introduction

Sickle cell (SCD) is
autosomal recessive hematologic disorder with myriad life

disease a common, inherited
limiting complications (1). Improved childhood survival is
leading to a growing population of adults facing SCD-
specific reproductive healthcare challenges which include the
accumulation of disease- and treatment-associated infertility
(2-7). Women with SCD have Ilate onset

menarche, accelerated decline in ovarian reserve, and an

risk factors

increased risk of miscarriage (5, 8-10). Chronic pain is a
risk factor for dyspareunia (11) and SCD negatively impacts
sexual function, which is poorer for those with SCD than in
unaffected people, a finding associated with infertility in one
study (12).
consequence  of

For men with SCD, infertility risks are a

hypogonadism, sperm  abnormalities,
recurrent priapism, and erectile dysfunction (3, 13).

SCD treatments and cures are transformative and life-
sustaining, and some jeopardize future fertility (4, 6, 7).
Hematopoietic stem cell transplant and gene therapy require
exposure to  gonadotoxic and,
total body

radiation, the testicles, but not the ovaries, may be shielded

chemotherapy agents

sometimes, radiation. For those undergoing

from the gonadotoxic effects of radiation (2). Chronic
disease modifying therapies
the oldest
evidence

may also be gonadotoxic.
and most established SCD
that
treatment in childhood is contributing to increased, life-long
use (6, 14). For
azoospermia, an outcome that may be reversible (6, 15). In

Hydroxyurea is

treatment; strong exists shows initiating

men, hydroxyurea causes oligo- and

women, hydroxyurea use is associated with diminished
ovarian reserve (5, 8, 16) and possibly with miscarriage in
women with SCD (5, 17) but causality is not established.
Even less is known about whether other chronic SCD
treatments are gonadoprotective or gonadotoxic (7, 18).
Infertility risks are a patient-centered SCD concern that
impact use of transformative SCD treatments and cures
(18-21). A study of adolescents with SCD identified that
affected

information

future Dbiological parenthood is
young people and that few had
addressing fertility in SCD (22). Little research establishes

what adults with SCD know about general or SCD-specific

important to
received

infertility =~ risks. Understanding the baseline fertility
knowledge of people with SCD can inform counseling
patients about complex and sometimes uncertain infertility
risks (10, 23).

The aim of this study was to assess fertility knowledge in adults
with SCD using the Cardiff Fertility Knowledge Scale (CFKS) and
Fertility Treatment Perception Survey (24, 25). A secondary
objective was to compare CFKS and Fertility Treatment Survey
score results in adults with SCD to previously reported scores
from a large international cohort and a cohort of women from
Georgia, USA (24, 25). We hypothesized that adults with SCD
would have lower fertility knowledge than comparator cohorts
without SCD and that adults with SCD would have negative

views regarding fertility treatments.
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Methods
Study population

The Johns Hopkins Institutional Review Board approved this cross-
sectional survey. We included adults with SCD aged 18 years or older
and cared for at the Sickle Cell Center for Adults between October 10,
2020, and May 26, 2021. Initially we obtained oral consent during
clinic visits. However, the COVID—19 pandemic impeded in-person
recruitment and we subsequently recruited participants during
telemedicine visits and after January 21, 2021, consented respondents
received a survey link sent through the electronic medical record.

Survey design

The survey consisted of 35 questions including the CFKS and

Fertility Treatment Perception Survey, questions assessing
demographics, SCD treatment use, and reproductive outcomes
(Supplementary Material S1). The Flesch-Kincaid Grade Level of
the survey was 5.8. Demographic characteristics collected included
age, sex, and educational attainment. Information on current SCD
treatment use was collected and categorized as hydroxyurea,
chronic blood transfusions, voxelotor, crizanlizumab, 1-glutamine,
HSCT, gene therapy or no therapy. Survey questions assessed
birthing or fathering a child, age in years at the first child’s birth,
months currently trying to conceive (<6 months, 6 to 12 months,
and >12 months), and referral to a fertility specialist for testing.
For those reporting fertility referral, we asked whether a child was
conceived through fertility treatment.

The CFKS is a 13-question survey that assesses knowledge of (1)
causes for reduced fertility, (2) common misconceptions about
fertility, and (3) basic facts about infertility. Answer choices are
true, false, or do not know. True responses are considered correct,
and false or do not know answers are considered incorrect. The
total survey score is reported as a percentage of correct responses.

The Fertility Perception Treatment survey is co-administered
with the CFKS (24, 26) and includes two positive and four
negative statements about fertility. The two positive fertility
statements assess the safety and efficacy of fertility treatment.
The four negative fertility statements assess fertility treatment as
a scary experience, short-term effects of fertility treatment, long
term effects of fertility treatment, and emotional problems related
to fertility treatment. Agreement is measured using a five-point
Likert scale with higher scores indicating greater agreement with
each statement (1 = strongly disagree and 5 = strongly agree). The
two positive statements are summed to generate a positive
treatment belief score and the four negative statements are

summed to generate a negative treatment belief score.

Analysis

Summary statistics with medians (interquartile range, IQR) for
continuous variables and frequencies for categorical variables are
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reported. Mann-Whitney U test with a Z-continuity correction of
<0.05 was conducted to evaluate if the CFKS scores varied by
demographic or reproductive characteristics and SCD treatment
use. We compared CFKS scores to scores reported separately in
reproductive-aged populations (24) and in
reproductive-aged, unaffected Black women cohort from Atlanta,

international

Georgia (25). We performed univariate linear regression to
determine the average difference in the CFKS scores by
demographic and reproductive characteristics and SCD treatment
use. Fertility Treatment Perception Survey agreement is measured
by medians of the two positive statements and four negative
statements to generate separate positive and negative treatment
belief scores. The statistical significance was p<0.05. All
statistical analyses were performed using SAS software, version
9.4 (27).

Results

Over seven months, we contacted 435 eligible patients and 92
completed surveys, among them 71 self-identified female and 21
self-identified male (21% survey response rate).

Demographics

Respondent characteristics are in Table 1. The median age was
32 (IQR 25, 43) years, 49% had some secondary education, and
48% had a biological child and were pregnant at a median age of
22 (IQR 21, 29) years. Most respondents (65%) reported
undergoing a SCD therapy, including hydroxyurea (n=38) and
chronic red blood cell transfusion (n =17), and recently approved
drugs, crizanlizumab and voxelotor (n=5). Three respondents,
all women, had a history of unsuccessful HSCT. Although most
respondents (82%) did not refuse SCD treatment or cure due to
infertility concerns, 18% reported refusing one or more SCD
treatment due to fertility concerns (Table 2). This included 11
respondents who refused hydroxyurea, seven who refused
curative therapy, and one each who refused chronic blood
transfusions or crizanlizumab.

Sixteen percent of respondents reported fertility treatment
experience either for themselves or someone they knew. Thirteen
percent had been referred for fertility testing, including one man
and eleven women. Among 12 respondents with a history of
referral for fertility testing, six respondents (50%) endorsed using
medical assistance to conceive, and among them, one person
reported a successful conception.

Cardiff fertility knowledge scale scores

The average CFKS score was 49% (IQR 31, 66), lower than an
international cohort of men and women currently trying to
conceive (49% vs. 57%, p=0.001), and higher than a cohort of
reproductive aged, unaffected Black women in Atlanta, Georgia
in the US. (49% vs. 38%, p=0.001). CFKS score among
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TABLE 1 Summary statistics (medians and frequencies) of demographic
characteristics stratified by sex of the survey respondents.

All Men | Women
N=92 N=21  N=71

Demographic characteristics

Age (years) Median (IQR) 32 (25, 42.5) | 36 (24, 45) | 31 (25, 40)
Secondary education n (%) 45 (49) 13 (62) 32 (45)
SCD treatment n (%)

Hydroxyurea® 38 (41) 9 (43) 29 (41)
Chronic transfusion 17 (19) 3 (14) 14 (20)
Other 5 (5) 1(5) 4 (6)
None 32 (35) 8 (38) 24 (34)
HSCT treatment discussion 21 (23) 6 (29) 15 (21)
HSCT done 3(3) 0 3(4)
Fertility-related characteristics®

Given birth/fathered child 44 (44) 9 (43) 35 (49)
Age at first birth/fathered child (years), 22 (21, 29) | 24 (24, 33) | 21 (20, 28)
median (IQR)

Trying to conceive, yes n (%) 6 (7) 1(1) 5 (5)
Trying to conceive > 12 months, yes 3(3) 1(1) 2(2)
n (%)

Referral for fertility tests, yes n (%) 12 (13) 1(1) 11 (12)
Fertility treatment performed, yes n (%) 6 (7) 0 6 (7)
Baby through fertility treatment, yes 1(1) 0 1(1)
n (%)

Fertility treatment use (self or someone 15 (16) 0 15 (16)

they know) n (%)

HSCT, hematopoietic stem cell transplant; IQR, interquartile range; SCD, sickle cell
disease.

2One survey respondent received hydroxyurea, and blood transfusion.

°One survey respondent adopted a child, seven survey respondents had stepchild
(ren).

respondents trying to conceive (n=6) was not different than in
the international cohort of people trying to conceive (62% versus
57%).

Mean CFKS score was higher among respondents with
secondary versus primary education (54% vs. 44%, p=0.03),
those referred for fertility tests compared to those not referred
(69% vs 46% p=0.001), among fertility treatment recipients
versus non-recipients (76% vs 47%, p=0.0002), and among
respondents who knew someone that used a fertility treatment
compared to those who did not (72% vs. 45%, p = 0.0002).

There was a non-significant trend towards higher mean CFKS
score among those who refused SCD treatment due to fertility
concerns compared to those who did not refuse SCD treatment
due to fertility concerns (59% vs 47%). Mean CFKS score did
not differ by sex (49% men vs. 44% women), age greater or less
than 35 years (51% vs. 48%), status of trying to conceive versus
not trying to conceive (58% vs. 49%), or by treatment choice
(49% no treatment vs. 53% chronic red cell transfusion, 51%
hydroxyurea, and 41% crizanlizumab or voxelotor).

Individual survey items

Correct responses to individual questions varied from 32% to
79% (Table 3). Over 65% of respondents correctly identified
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TABLE 2 Types of SCD treatments refused due to fertility concerns. Eighteen percent (n = 17) of respondents refused SCD treatments due to fertility
concerns; this includes two women respondents who refused multiple SCD treatments.

Types of SCD treatments

Hydroxyurea®® Chronic transfusions® Voxelotor and crizanlizumab® Curative therapy
Total refused n=17 11 1 1 7
Men n=>5 3 0 0 3
Women n=12 8 1 1 4

?One woman refused hydroxyurea, chronic transfusions, and curative therapy.
®One woman refused voxelotor and crizanlizumab.

smoking as a fertility risk for men and women, that neither
erections nor presence of sperm production predict male fertility,
and that female fertility decreases after age 36. Fewer than 40%
of respondents correctly identified sexually transmitted infections
or being overweight as infertility risk factors or that the clinical
definition of infertility is failure to conceive after a year of
regular sexual intercourse.

Fertility treatment perception survey

The Fertility Treatment Perception survey assesses positive
perceptions of fertility treatment (FT) using two items and
negative perceptions of FT using four items. Higher summed
scores indicate greater agreement with positive or negative
statements. The median average positive fertility perception score
was 3 (IQR 3, 4) and negative fertility perception score was 3.5
(IQR 3, 4).

Sub-group comparisons of fertility
perception surveys

The median positive FT perception score was the same among
men and women: 3.5. The median negative FT perception score
was 3 for men and 4 for women. Responses to each question by
all respondents and stratified by sex are shown in Figure 1. More
women than men agreed with the statement “fertility treatment
is a scary experience” (3 vs 4, p=.02).

There were several other significant differences. There were
higher positive FT perception scores among respondents not
taking SCD treatment (n=32) compared to those taking
hydroxyurea (n=38) (3.5 vs. 3.0, p=0.04), or to those receiving
chronic transfusions (n=17) (3.5 vs. 3.0, p=0.03). Respondents
taking hydroxyurea (n=38) had higher median negative FT
perception scores than those taking voxelotor, crizanlizumab, or
chronic transfusions (n=54) (4.0 vs. 3.0, p=0.01). Also, there
were higher negative FT perception scores among respondents
who refused SCD treatment due to fertility concerns (n=17)
compared to those who did not (n=75) (4.0 vs. 3.0, p=0.01),
respondents who were trying to conceive (n=6) than those not
trying to conceive (n=286) (4.0 vs. 3.0, p=0.005), and among
respondents with a history of fertility treatment (1 =6) compared
to those who did not undergo fertility treatment (n=286) (4.0 vs.
3.0, p =0.005).
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TABLE 3 Cardiff fertility knowledge survey scores in order of percentage
of correct responses.? survey questions displayed are derived from CFKS;
true is indicated by (T) and false is indicated by (F).

Survey question® All Men | Women
n=92 n=21  n=71
n (%)  n (%) n (%)

Mean CFKS Score (%) 49 49 44

If a man can achieve an erection, then itisan | 72 (79) 17 (81) 55 (77)

indication that he is fertile. (F)

Smoking decreases male fertility. (T) 65 (71) 15 (71) 50 (70)

If a man produces sperm, he is fertile. (F) 63 (69) 15 (71) 48 (68)

Smoking decreases female fertility. (T) 63 (69) 14 (66) 49 (69)

A woman is less fertile after the age of 36 62 (68) 15 (71) 47 (66)

years. (T)

Having a healthy lifestyle makes you fertile. | 57 (62) 9 (43) 48 (68)

(F)

About 1 in 10 couples are infertile. (T) 40 (44) 7 (33) 33 (46)

A woman who never menstruates is still 35 (38) 3 (14) 32 (45)

fertile. (F)

People who have had a sexually transmitted | 33 (36) 7 (33) 26 (37)

disease are likely to have reduced fertility. (T)

These days a woman in her 40s has a similar | 31 (34) 7 (33) 24 (34)

chance of getting pregnant in her 30s. (F)

A couple would be classified as infertile if 29 (32) 6 (29) 23 (32)

they did not achieve a pregnancy after 1 year

of regular sexual intercourse (without using

contraception). (T)

If a woman is overweight by more than 28 23 (25) 1(5) 22 (31)

pounds, then she may not be able to get

pregnant. (T)

If a man has had mumps after puberty, he is | 17 (18) 4 (19) 13 (18)

more likely to later have a fertility problem.

(T)

®This includes 100% completion of all statements among 92 participants.
bCorrect responses were true (T) and false (F).

There were no differences in positive FT perception scores
based on SCD treatment refusal due to fertility concerns, among
those trying or not trying to conceive, by age greater or less than
35 years, by education status, or by history of fertility treatment.
There were no differences in negative FT perception scores by
age or educational attainment.

Discussion

In this study, adults with SCD demonstrate mixed knowledge
of common infertility risks with mean CFKS scores higher than a
previous study in an unaffected cohort of Black women in the
U.S (26). and lower than in an international unaffected cohort
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Median fertility treatment (FT) perception scores in
adults with sickle cell disease
Positive FT perceptions Negative FT perceptions
Strongly
5
Agree
*
4
3 u All (N=92)
= Men (N=21)
2 Women (N=71)
1
Strongly
Disagree
& FTisvery  Most people who FTisa FT may have FT may FT can cause
safe start FT scary short-term have long- emotional
eventually experience effects term effects problems
become pregnant
FIGURE 1
Median fertility treatment perception scores by survey respondents categorized by sex. Scores were assessed via 5-point Likert Scale (1 = strongly disagree
to 5 = strongly agree). *indicates p <.05.

(25). These results highlight an opportunity to improve fertility and
SCD education for adolescents and young adults: most respondents
did not identify sexually transmitted infections as an infertility risk
factor or failure to conceive after a year of intercourse as the
of infertility. Although the
participants attempting to conceive in the study is small (n=6),

diagnosis actual number of
50% had been trying to conceive for over one year. Among
them, only one respondent was referred for fertility testing, and
had not conceived. Also, 17 respondents reported refusing at
least one of the three most clearly transformational SCD
interventions available, hydroxyurea, curative therapy, or
transfusions, due to fertility concerns. As disease-specific fertility
counseling and care interventions evolve, addressing infertility
risks that affect the general population and SCD-specific risks is
necessary (7, 11, 23). Counseling patients about infertility risks
or infertility diagnosis creates opportunities to address fertility
treatment perceptions and might affect use of fertility care (7, 23).

This study underscores the need for educational interventions
to address infertility risks for adults with SCD. However, the
results also suggest that fertility may be variably salient for
people with SCD depending on their life-stage and SCD and
fertility care experiences: people with history of fertility treatment
and those trying to conceive answered more questions correctly
than did those without these histories. Further, there was an
overrepresentation of people with a history of failed HSCT in
this sample compared to the overall clinical population at our
center. This study may have been particularly appealing to
people with a history of HSCT, who have established infertility
risks associated with treatment (2). As care systems and
treatment options continue to evolve, efforts to ensure that
fertility education and care are integrated into comprehensive

SCD care across the lifespan are needed (7, 28).

Frontiers in Global Women's Health

Here, disease experience and demographic characteristics
contribute to fertility knowledge among adults with SCD.
Fertility knowledge scores were not different in respondents
trying to conceive versus not trying to conceive but were
significantly higher in respondents undergoing fertility treatment.
This that fertility
counseling can increase understanding; simultaneously a lack of

expected result suggests, reassuringly,
knowledge among most patients highlights the need for
intervention. Patient education level may be care informing:
those with higher educational levels had higher fertility
knowledge. In an environmental scan of education materials
addressing in vitro fertilization with preimplantation genetic
testing, the average reading level was 14.5 grade, far in excess of
the 5th grade reading level advised by the U.S. Joint Commission
(29).
sensitivity to the health literacy needs of individuals to eliminate

Educational interventions addressing fertility require
disparities and ensure effective uptake of fertility knowledge (30).

In this study, fertility concerns were a reason for hydroxyurea
refusal for 11 respondents and curative therapy for seven
respondents. Despite overwhelming evidence of hydroxyurea’s
efficacy, barriers to treating children and adults persist (31, 32).
There was a non-significant trend towards higher fertility
knowledge among people who refused a SCD treatment due to a
fertility concern. For some, hydroxyurea treatment refusal is tied
to anticipation of negative side effects (33), including fertility
concerns (34). Engaging patients and families about fertility care
is also critical as opportunities to access curative therapies
Federal

approval for gene therapy for SCD, equity concerns are raised:

expand. The Drug Administration is considering

since gene therapy preparative regimens require use of
gonadotoxic alkylating agents, access to fertility education and

care are among them for the SCD community.
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Here, more women reported being referred to fertility testing
than men, and some women, but no men, reported knowing
people undergoing fertility treatment. Our findings underscore
the need for sex-specific care and suggest that well-established
male infertility risk factors are inadequately addressed by existing
clinical care structures. In the USA, clinicians report avoiding
discussions of fertility risks with parents considering hydroxyurea
for their children despite evidence that the drug is toxic to sperm
in a possibly reversible manner (19). In long-term follow-up of
people with SCD treated with hydroxyurea in a large Phase 4
observational cohort study, there were only 12 reported
pregnancies in partners of the 441 adult men treated with
hydroxyurea (6). While fertility counseling and preservation is
offered to boys and men taking hydroxyurea in France, this
approach has not been universally adopted (7). In the USA, there
are not yet guidelines to inform fertility education, fertility
preservation, or care for couples pursuing pregnancy where the
partner with SCD may be male or female (28, 35, 36).

This study has limitations. We recruited patients from a single
center where care is informed by an author of this study whose
research focus is fertility in SCD (LHP). Additionally, selection
bias is possible: this study may have attracted participation of
people with fertility concerns. Those referred for fertility care,
refusing treatment due to infertility concerns, and with failed
HSCT may be overrepresented in this sample. The average
educational attainment in this sample was high. For these
reasons, possibly the CFKS scores reported in our sample are
higher than the general SCD population. In addition, a small
number of respondents were trying to conceive at the time of
study. Fertility treatment outcomes were not obtained. In
addition, both sample size and survey response rate was low,
perhaps because we were forced to enroll subjects remotely due
to the COVID-19 pandemic. This

generalizability to other adults with SCD, however the direction

may reduce the

of those differences is unclear as there is limited research on this
The
meaningful

topic. small number of participants also precluded

multivariable regression analysis adjusting for
sociodemographic characteristics. Further research with larger
sample sizes investigating fertility knowledge, perceptions, and
care is necessary. Study is also needed to compare the
characteristics of people with SCD who do or do not pursue
fertility care.

A strength of this study includes the use of a validated survey
tool with the opportunity for comparison to other groups. In
addition, this is an understudied topic: very few studies have
investigated fertility knowledge, perception, or fertility care
among adults with SCD (10, 18, 24). This study helps identify
the type of information that needs to be incorporated into
education programs for people with SCD, especially as SCD
survival to reproductive years continues to improve around the
globe and growing numbers of treatments or cures that
potentially compromise fertility emerge.

As people with SCD may have both disease-specific and general
infertility risks (7), counseling for this population will ultimately
include information about advanced maternal age, STIs, smoking

and increased bodyweight as potential infertility risk factors, in
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addition to SCD-specific risks (37). The improved survival of
people with SCD, increasing use of SCD treatments and evolving
landscape of curative therapies makes fertility knowledge and
infertility care increasingly important for this patient population.
Hopefully, the low fertility knowledge and greater negative
fertility treatment perceptions among adults with SCD identified
here can be addressed by integrating fertility care into the
comprehensive SCD care model.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The Johns Hopkins Institutional Review Board approved this
cross-sectional survey. The patients/participants provided their
written informed consent to participate in this study.

Author contributions

BC contributed to the research design, data collection, data
analysis, and manuscript writing and review MR contributed to
data analysis, manuscript writing and figure creation AG, KCV,
MC, SL, LP contributed to research design, data analysis,
manuscript writing and review. All authors contributed to the
article and approved the submitted version.

Funding

This work was supported by grants from the American Society
of Hematology (BC, LHP) and the NIH/NHLI K23HL146841
(LHP).

Acknowledgments

Thanks to Joacy Mathias for her dedication in data and
statistical analysis.

Conflict of interest

BC, AG, and SL receives research funding from Imara,
Novartis, Global Blood Therapeutics, Takeda, CSL-Behring,
HRSA, PCORI and MD CHRC; consultancy for Bluebird bio,
Novo Nordisk, Pfizer and Magenta; owns stock in Pfizer and
Teva. KCV is funded through NIH/NICHD K12HD103036. MC
is a consultant for Merck & Co. LP is funded through NIH/
NHLBI K23HL146841 and NIH/NHLBI U01 HL156620—01, the

American Society of Hematology, Doris Duke Charitable

frontiersin.org


https://doi.org/10.3389/fgwh.2023.1191064
https://www.frontiersin.org/journals/global-womens-health
https://www.frontiersin.org/

Carrithers et al.

Foundation Grant #2020147, and the Mellon Foundation and
Alexion and is a consultant for Global Blood Therapeutics and
Novo Nordisk.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Pecker LH, Lanzkron S. Sickle cell disease. Ann Intern Med. (2021) 174:1TC1-16.
doi: 10.7326/A1TC202101190

2. Nickel RS, Maher JY, Hsieh MH, Davis MF, Hsieh MM, Pecker LH. Fertility after
curative therapy for sickle cell disease: a comprehensive review to guide care. J Clin
Med. (2022) 11:2318. doi: 10.3390/jcm11092318

3. Musicki B, Burnett AL. Testosterone deficiency in sickle cell disease: recognition
and remediation. Front Endocrinol (Lausanne). (2022) 13:892184. doi: 10.3389/fendo.
2022.892184

4. George SA, Lai KW, Lewis RW, Bryson EW, Haight AE, Meacham LR.
Comparison of anti-mullerian hormone levels Pre- and post-hematopoietic cell
transplantation in pediatric and adolescent females with sickle cell disease.
Transplant Cell Ther. (2022) 28(770):e1-6. doi: 10.1016/j.jtct.2022.08.014

5. Pecker LH, Hussain S, Mahesh ], Varadhan R, Christianson MS, Lanzkron S.
Diminished ovarian reserve in young women with sickle cell anemia. Blood. (2022)
139:1111-15. doi: 10.1182/blood.2021012756

6. de Montalembert M, Voskaridou E, Oevermann L, Cannas G, Habibi A, Loko G,
Joseph L, Colombatti R, Bartolucci P, Brousse V, Galactéros F; All ESCORT HU
investigators. Real-life experience with hydroxyurea in patients with sickle cell
disease: results from the prospective ESCORT-HU cohort study. Am ] Hematol.
(2021) 96:1223-31. doi: 10.1002/ajh.26286

7. Pecker LH, Oteng-Ntim E, Nero A, Lanzkron S, Christianson MS, Woolford T,
et al. Expecting more: the case for incorporating fertility services into
comprehensive sickle cell disease care. Lancet Haematol. (2023) $2352-3026
(22):00353-2. doi: 10.1016/52352-3026(22)00353-2

8. Pecker LH, Hussain S, Christianson MS, Lanzkron S. Hydroxycarbamide
exposure and ovarian reserve in women with sickle cell disease in the
multicenter study of hydroxycarbamide. Br ] Haematol. (2020) 191:880-87. doi: 10.
1111/bjh.16976

9. Oteng-Ntim E, Meeks D, Seed PT, Webster L, Howard J, Doyle P, et al.
Adverse maternal and perinatal outcomes in pregnant women with sickle cell
disease: systematic review and meta-analysis. Blood. (2015) 125:3316-25. doi: 10.
1182/blood-2014-11-607317

10. Pecker LH, Nero A, Christianson M. No crystal stair: supporting fertility care
and the pursuit of pregnancy in women with sickle cell disease. Hematology Am
Soc Hematol Educ Program (2022) 2022(1):459-66. doi: 10.1182/hematology.
2022000381

11. Karafin MS, Singh M, Ceesay M, Koduri S, Zhang L, Simpson P, et al.
Dyspareunia is associated with chronic pain in premenopausal women with sickle
cell disease. Hematology. (2018) 8:531-6. doi: 10.1080/10245332.2018.1430521

12. Adesoye OB, Akhigbe RE. Predictors of sex-induced crisis, sexual function and
marital satisfaction in women with sickle cell disease. J Sex Med. (2022) 11:1625-33.
doi: 10.1016/j.jsxm.2022.07.013

13. Idris IM, Burnett AL, DeBaun MR. Epidemiology and treatment of priapism in
sickle cell disease. Hematology Am Soc Hematol Educ Program. (2022) 1:450-8.
doi: 10.1182/hematology.2022000380

14. Tang AY, Zhou M, Maillis AN, Lai KW, Lane PA, Snyder AB. Trends in blood
transfusion, hydroxyurea use, and iron overload among children with sickle cell
disease enrolled in medicaid, 2004—2019. Pediatr Blood Cancer. (2023) 70:¢30152.
doi: 10.1002/pbc.30152

15. Joseph L, Jean C, Manceau S, Chalas C, Arnaud C, Kamdem A, et al. Effect of
hydroxyurea exposure before puberty on sperm parameters in males with sickle cell
disease. Blood. (2021) 137:826-29. doi: 10.1182/blood.2020006270

16. Elchuri SV, Williamson RS, Clark Brown R, Haight AE, Spencer JB, Buchanan I,
et al. The effects of hydroxyurea and bone marrow transplant on anti-miillerian

Frontiers in Global Women's Health

10.3389/fgwh.2023.1191064

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fgwh.2023.
1191064/full#supplementary-material.

hormone (AMH) levels in females with sickle cell anemia. Blood Cells Mol Dis.
(2015) 55:56-61. doi: 10.1016/j.bcmd.2015.03.012

17. Kroner BL, Hankins JS, Pugh N, Kutlar A, King AA, Shah NR, et al. Pregnancy
outcomes with hydroxyurea use in women with sickle cell disease. Am ] Hematol.
(2022) 97:603-12. doi: 10.1002/ajh.26495

18. Pecker LH, Sharma D, Nero A, Paidas MJ, Ware RE, James AH, et al. Knowledge
gaps in reproductive and sexual health in girls and women with sickle cell disease. Br
] Haematol. (2021) 194:970-79. doi: 10.1111/bjh.17658

19. Bakshi N, Sinha CB, Ross D, Khemani K, Loewenstein G, Krishnamurti L.
Proponent or collaborative: physician perspectives and approaches to disease
modifying therapies in sickle cell disease. PLoS One. (2017) 12:e0178413. doi: 10.
1371/journal.pone.0178413

20. Meier ER, Abraham AA, Ngwube A, Janson IA, Guilcher GMT, Horan J, et al.
Hematopoietic stem cell transplant referral patterns for children with sickle cell
disease vary among pediatric hematologist/oncologists’ practice focus: a sickle cell
transplant advocacy and research alliance (STAR) study. Pediatr Blood Cancer.
(2021) 68:¢28861. doi: 10.1002/pbc.28861

21. Mishkin AD, Mapara MY, Barhaghi M, Reshef R. Fertility concerns and access
to care for stem cell transplantation candidates with sickle cell disease. Biol Blood
Marrow Transplant. (2020) 2:¢192-97. doi: 10.1016/j.bbmt.2020.03.025

22. Nahata L, Caltabellotta NM, Yeager ND, Lehmann V, Whiteside SL, O’Brien SH,
et al. Fertility perspectives and priorities among male adolescents and young adults in
cancer survivorship. Pediatr Blood Cance. (2018) 65:¢27019. doi: 10.1002/pbc.27019

23. Meacham LR, Pecker LH, Gee B, Mishkin A. Incorporating gonadal health
counseling into pediatric care of sickle cell patients. Hematology Am Soc Hematol
Educ Program. (2022) 1:442-49. doi: 10.1182/hematology.2022000382

24. Bunting L, Tsibulsky I, Boivin J. Fertility knowledge and beliefs about fertility
treatment: findings from the international fertility decision-making study. Hum
Reprod. (2013) 28:385-97. doi: 10.1093/humrep/des402

25. Wiltshire A, Brayboy LM, Phillips K, Matthews R, Yan F, McCarthy-Keith D.
Infertility knowledge and treatment beliefs among African American women in an
urban community. Contracept Reprod Med. (2019) 4:16. doi: 10.1186/s40834-019-0097-x

26. Boivin J, Bunting L, Collins JA, Nygren KG. International estimates of infertility
prevalence and treatment-seeking: potential need and demand for infertility medical
care. Hum Reprod. (2007) 22:1506-12. doi: 10.1093/humrep/dem046

27. SAS Enterprise Miner 13.1. SAS Institute Inc., Cary, NC.

28. Pecker LH, Kuo KHM. Go the distance: reproductive health care for people with
sickle cell disease. Hematol Oncol Clin North Am. (2022) 36:1255-70. doi: 10.1016/j.
hoc.2022.07.010

29. Early ML, Kumar P, Marcell AV, Lawson C, Christianson M, Pecker LH. Literacy
assessment of preimplantation genetic patient education materials exceed national
Reading levels. ] Assist Reprod Genet. (2020) 8:1913-22. doi: 10.1007/s10815-020-
01837-z

30. Early ML, Strodel RJ, Lake IV, Ruddy JA, Saba JA, Singh SM, et al. Acceptable,
hopeful, and useful: development and mixed-method evaluation of an educational tool
about reproductive options for people with sickle cell disease or trait. J Assist Reprod
Genet. (2022) 39:183-93. doi: 10.1007/s10815-021-02358-z

31. Su ZT, Segal JB, Lanzkron S, Ogunsile FJ. National trends in hydroxyurea and
opioid prescribing for sickle cell disease by office-based physicians in the United
States, 1997-2017. Pharmacoepidemiol Drug Saf. (2019) 9:1246-50. doi: 10.1002/
pds.4860

32. Pecker LH, Kappa S, Greenfest A, Darbari DS, Nickel RS. Targeted hydroxyurea
education after an emergency department visit increases hydroxyurea use in children

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fgwh.2023.1191064/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fgwh.2023.1191064/full#supplementary-material
https://doi.org/10.7326/AITC202101190
https://doi.org/10.3390/jcm11092318
https://doi.org/10.3389/fendo.2022.892184
https://doi.org/10.3389/fendo.2022.892184
https://doi.org/10.1016/j.jtct.2022.08.014
https://doi.org/10.1182/blood.2021012756
https://doi.org/10.1002/ajh.26286
https://doi.org/10.1016/S2352-3026(22)00353-2
https://doi.org/10.1111/bjh.16976
https://doi.org/10.1111/bjh.16976
https://doi.org/10.1182/blood-2014-11-607317
https://doi.org/10.1182/blood-2014-11-607317
https://doi.org/10.1182/hematology.2022000381
https://doi.org/10.1182/hematology.2022000381
https://doi.org/10.1080/10245332.2018.1430521
https://doi.org/10.1016/j.jsxm.2022.07.013
https://doi.org/10.1182/hematology.2022000380
https://doi.org/10.1002/pbc.30152
https://doi.org/10.1182/blood.2020006270
https://doi.org/10.1016/j.bcmd.2015.03.012
https://doi.org/10.1002/ajh.26495
https://doi.org/10.1111/bjh.17658
https://doi.org/10.1371/journal.pone.0178413
https://doi.org/10.1371/journal.pone.0178413
https://doi.org/10.1002/pbc.28861
https://doi.org/10.1016/j.bbmt.2020.03.025
https://doi.org/10.1002/pbc.27019
https://doi.org/10.1182/hematology.2022000382
https://doi.org/10.1093/humrep/des402
https://doi.org/10.1186/s40834-019-0097-x
https://doi.org/10.1093/humrep/dem046
https://doi.org/10.1016/j.hoc.2022.07.010
https://doi.org/10.1016/j.hoc.2022.07.010
https://doi.org/10.1007/s10815-020-01837-z
https://doi.org/10.1007/s10815-020-01837-z
https://doi.org/10.1007/s10815-021-02358-z
https://doi.org/10.1002/pds.4860
https://doi.org/10.1002/pds.4860
https://doi.org/10.3389/fgwh.2023.1191064
https://www.frontiersin.org/journals/global-womens-health
https://www.frontiersin.org/

Carrithers et al.

with sickle cell Anemia. ] Pediatr. (2018) 201:221-228.e16. doi: 10.1016/j.jpeds.2018.
05.019

33. Brandow AM, Panepinto JA. Hydroxyurea use in sickle cell disease: the battle
with low prescription rates, poor patient compliance and fears of toxicities. Expert
Rev Hematol. (2010) 3:255-60. doi: 10.1586/ehm.10.22

34. Brawley OW, Cornelius L], Edwards LR, Gamble VN, Green BL, Inturrisi C,
et al. National institutes of health consensus development conference statement:
hydroxyurea treatment for sickle cell disease. Ann Intern Med. (2008) 12:932-8.
doi: 10.7326/0003-4819-148-12-200806170-00220

Frontiers in Global Women's Health

10.3389/fgwh.2023.1191064

35. Oteng-Ntim E, Pavord S, Howard R, Robinson S, Oakley L, Mackillop L, et al.
Management of sickle cell disease in pregnancy. A British society for haematology
guideline. Br ] Haematol. (2021) 194:980-95. doi: 10.1111/bjh.1767

36. Nahata L, Stanek CJ, Theroux CI, Olsavsky AL, Quinn GP, Creary SE. Fertility
testing knowledge and attitudes in male adolescents and young adults with SCD and
their caregivers: a pilot study. Blood Adv. (2022) 6:3703-06. doi: 10.1182/
bloodadvances.202200700

37. Carson SA, Kallen AN. Diagnosis and management of infertility: a review.
JAMA. (2021) 326:65-76. doi: 10.1001/jama.2021.4788

08 frontiersin.org


https://doi.org/10.1016/j.jpeds.2018.05.019
https://doi.org/10.1016/j.jpeds.2018.05.019
https://doi.org/10.1586/ehm.10.22
https://doi.org/10.7326/0003-4819-148-12-200806170-00220
https://doi.org/10.1111/bjh.1767
https://doi.org/10.1182/bloodadvances.202200700
https://doi.org/10.1182/bloodadvances.202200700
https://doi.org/10.1001/jama.2021.4788
https://doi.org/10.3389/fgwh.2023.1191064
https://www.frontiersin.org/journals/global-womens-health
https://www.frontiersin.org/

	Knowledge of fertility and perception of fertility treatment among adults with sickle cell disease (KNOW FERTILITY)
	Introduction
	Methods
	Study population
	Survey design
	Analysis

	Results
	Demographics
	Cardiff fertility knowledge scale scores
	Individual survey items
	Fertility treatment perception survey
	Sub-group comparisons of fertility perception surveys

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


