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Abstract

Background: Haematopoietic stem cell transplantation (HSCT) is a potentially curative treatment for sickle
cell anaemia (SCA). While HSCT offers the possibility of disease remission, it can also lead to long-term
complications, including gonadal dysfunction and premature menopause.

Methods: We conducted a retrospective cohort study of female survivors who had hydroxyurea therapy and
those who underwent post-HSCT follow-up for SCA at a teaching hospital in Lagos, Nigeria, between January
2019 and December 2022. Participants were eligible if they were at least five years post-HSCT or hydroxyurea
treatment and had available serum samples for markers of ovarian function measurement. Demographic and
clinical data were collected from the hospital register and patients’ medical records. Serum levels of
oestradiol, luteinizing hormone (LH), follicle-stimulating hormone (FSH), and anti-Miillerian hormone
(AMH) were measured using the Abbott Architect i1000SR chemiluminescent immunoassay analyzer (Abbott
Diagnostics, Abbott Park, IL). Descriptive statistics and inferential analyses were used to assess the
relationship between markers of ovarian function (FSH and AMH) and clinical parameters.

Results: There were statistically significant differences in the median serum levels of all the assessed
endocrine hormones between the HSCT and non-HSCT (hydroxyurea) groups of SCA survivors. Up to 82.6%
of the SCA survivors experienced ovarian dysfunction after HSCT treatment. Impaired ovarian function in
SCA survivors was associated with a longer median follow-up duration than in SCA survivors who had
normal ovarian function (12.0 vs. 7.5 years, p = 0.048). There were higher odds of impaired ovarian function
in the SCA survivors who had myeloablative regimens than in those who had reduced intensity conditioning
regimens (94.1% vs. 50.0%, p = 0.040).

Conclusion: Our study highlights the significant impact of HSCT on long-term ovarian function in female
SCA survivors. However, further prospective studies with larger sample sizes and longer follow-up periods
are required to confirm our findings and elucidate the factors influencing ovarian function in SCA survivors
of HSCT. In addition, studies are also needed to further elucidate the optimal transplant protocols and
fertility preservation strategies to minimize gonadal toxicity and preserve reproductive potential in female
SCA patients undergoing HSCT.

Categories: Pediatrics, Obstetrics/Gynecology, Hematology
Keywords: fertility preservation, sickle cell disease, follicle-stimulating hormone, bone marrow transplantation, anti-
miillerian hormone

Introduction

Sickle cell anaemia (SCA) is a hereditary blood disorder characterised by abnormal haemoglobin (Hb)
molecules in red blood cells, leading to various complications, including anaemia, pain crises, and organ
damage [1]. For decades, haematopoietic stem cell transplantation (HSCT) has emerged as a potentially
curative treatment option for SCA, offering hope for improved quality of life and longevity for affected
individuals [2]. Haematopoietic stem cell transplantation involves the infusion of healthy stem cells into the
patient's bloodstream, which can then repopulate the bone marrow and produce normal red blood cells [3].
However, HSCT can also lead to long-term complications, including gonadal dysfunction and premature
menopause, which are significant concerns for female SCA survivors [3-5].

While HSCT holds promise as a therapeutic intervention for SCA, its long-term impact on ovarian function
and fertility in female survivors has not been adequately studied, especially in developing countries,
including Nigeria, where SCA prevalence is highest [6]. The importance of assessing ovarian function
following HSCT in female SCA survivors cannot be overstated. This is because the preservation of ovarian
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function and fertility is crucial for these individuals as they navigate the challenges of living with a chronic
illness [5]. It will also ultimately inform clinical decision-making, guide reproductive counselling and the
development of supportive interventions, and drive future research initiatives aimed at optimising the care
and well-being of female SCA survivors in our community and beyond.

Against this backdrop, our current retrospective cohort study investigated long-term ovarian function
through a comprehensive assessment of markers of ovarian function, including serum oestradiol,
luteinizing hormone (LH), follicle-stimulating hormone (FSH), and anti-Miillerian hormone (AMH) levels in
SCA survivors who underwent HSCT and their comparative counterparts treated with hydroxyurea (non-
HSCT) in Lagos, Nigeria. We also compared the ovarian function between myeloablative and reduced
intensity conditioning approaches in SCA survivors who underwent HSCT treatment. By shedding light on
the long-term effects of HSCT on ovarian function in female SCA survivors, our study will contribute to the
body of evidence surrounding the reproductive health and quality of life of individuals with SCA who
undergo HSCT.

Materials And Methods
Study design and settings

This retrospective cohort study was conducted among Nigerian female SCA survivors who underwent HSCT
at the bone marrow transplant centres of the Institute de Mediterranean in Rome, Italy, and Indraprastha
Apollo Hospital in New Delhi, India, after referral, and their comparative counterparts who had hydroxyurea
therapy at the Lagos University Teaching Hospital (LUTH) in Lagos, Nigeria, between January 2019 and
December 2022. The LUTH is the teaching hospital of the College of Medicine, University of Lagos. It is a
referral centre for private and public hospitals in Lagos State and its surrounding states of Ogun and Oyo. It
has a comprehensive haematology and blood transfusion department that provides primary care to SCA
patients and post-HSCT follow-up care to SCA survivors after their initial referral to and completion of
HSCT treatment at the partner/collaborating institutions at the Institute de Mediterranean and Indraprastha
Apollo Hospital. Patients with SCA referred for HSCT in these two institutions underwent similar treatment
using the same protocol and guidelines.

Study population

Eligible study participants were female SCA patients who had undergone HSCT or had used hydroxyurea
(non-HSCT) for SCA treatment with subsequent routine hormonal testing (for ovarian function assessment)
as part of their follow-up monitoring at least five years after treatment initiation. The inclusion criteria
included female SCA survivors who had available serum sample measurements of oestradiol, LH, FSH, and
AMH at least five years following their treatment. Excluded from the study were patients who died or were
lost to follow-up post-HSCT or non-HSCT (hydroxyurea) treatment.

Study procedure and data collection

Demographic and clinical data, including the patient’s age at treatment, type of treatment (HSCT or non-
HSCT), donor type (matched sibling or haploidentical), and conditioning regimen (myeloablative or reduced
intensity), were collected from the hospital's medical records. Other relevant information collected after
follow-up included the results of participants’ post-treatment Hb and hormonal status, including serum
oestradiol, LH, FSH, and AMH levels, menstrual history, and duration since transplantation. Serum levels of
oestradiol (in pg/mL), LH (in mIU/mL), FSH (in mIU/mL), and AMH (in ng/mL) were measured using the
Abbott Architect i1000SR chemiluminescent immunoassay analyzer (Abbott Laboratories, Abbott Park, IL)
according to the manufacturer's instructions. Impaired ovarian function was defined as AMH levels <1.0
ng/mL (reference: 1.0 to 3.0 ng/mL) and/or FSH levels >7 mIU/mL (reference: 0.3 to 7.0 mIU/mL).

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics for Windows version 29.0 (IBM Corp., Armonk,
NY). Descriptive statistics were used to summarize participant demographic characteristics and clinical data.
Categorical variables were presented as frequencies and percentages, while continuous variables were
presented as means (standard deviation) or medians (interquartile range (IQR)). We handled missing data by
running a missing values analysis if no pattern was detected and the multiple imputation method if a
pattern was detected [7]. We tested continuous variables for normality using the Kolmogorov-Smirnov test
with Lilliefors' significance correction. Median oestradiol, LH, FSH, and AMH levels at least five years post-
HSCT and non-HSCT treatment were calculated, and then inferential statistics using an independent-
sample t-test for normally distributed continuous variables (or Mann-Whitney U test for skewed variables)
and a chi-square test (or Fisher’s exact test) for categorical variables were used to compare markers of
ovarian function and other important variables such as age of SCA survivors, duration of follow-up, and Hb
concentration between the two groups. Subsequently, we performed subgroup analyses comparing the
median post-HSCT follow-up duration and median Hb concentration between the myeloablative
conditioning regimen and the reduced-intensity regimen among SCA survivors who underwent HSCT.
Statistical significance was reported at a p-value <0.05.
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Ethical considerations

The research protocol for this study was approved by the research ethics committee of the LUTH (approval
number: ADM/DCST/HREC/APP/3836) on November 25, 2021, according to the Declaration of Helsinki
before accessing the patient’s medical records and subsequent data collection. Strict confidentiality
measures were maintained for patients' information throughout and after the conclusion of the study.

Results

A total of 23 (59.0%) female SCA survivors (HSCT group) and 16 (41.0%) comparative counterparts (non-
HSCT group) were included in the study. The patients’ mean age during treatment was 9.3 (SD 3.2) years, and
the median post-treatment follow-up duration was eight (IQR 6.0-12.0) years in both groups. There was a
statistically significant lower mean age in SCA survivors in the HSCT group than those in the non-HSCT
group (7.9 (SD 3.2) vs. 11.4 (SD 2.2) years, p<0.001).

The majority (82.6%) of SCA survivors in the HSCT group reported amenorrhoea, while none in the non-
HSCT group reported it. The median Hb for SCA survivors in the HSCT group was significantly higher than
those in the non-HSCT group (12.0 vs. 10.2 g/dL, p = 0.009). The median serum oestradiol, LH, FSH, and
AMH levels were 11.9 (IQR 4.9-23.0) pg/mL, 45.6 (32.6-54.8) mIU/mL, 60.4 (IQR 45.1-80.3) mIU/mL, and 0.23
(IQR 0.18-0.70) ng/mL, respectively, in the HSCT group, and 360.5 (IQR 225.8-431.5) pg/mL, 13.2 (8.4-16.4)
mIU/mL, 5.9 (IQR 4.6-7.5) mIU/mL, and 7.26 (IQR 1.11-9.30) ng/mL, respectively, in the non-HSCT group.
There were statistically significant differences in the median serum levels of all the assessed endocrine
hormones between the HSCT and non-HSCT groups of SCA survivors (Figures 1A-1D). We reported an
ovarian dysfunction rate of 82.6% (19/23) after HSCT, compared to 18.8% (3/16) observed after non-HSCT
treatment.
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FIGURE 1: Images A-D show the comparative median serum levels of
(A) oestradiol, (B) luteinizing hormone (LH), (C) follicle-stimulating
hormone (FSH), and (D) anti-Miillerian hormone (AMH) in the
haematopoietic stem cell transplantation (HSCT) and non-HSCT groups

In the subgroup analyses of SCA survivors in the HSCT group, the median post-HSCT follow-up duration was
11.0 (IQR 8.0-12.0) years. There was no difference in the median Hb concentration for survivors in the
myeloablative HSCT group and those in the reduced-intensity HSCT group (12.0 vs. 12.5 g/dL, p = 0.165)
(Figure 2).
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Factors

Participants

Mean age during HSCT (+SD)
Median follow-up duration (IQR)
Median age of survivors (IQR)
Conditioning regimen
Myeloablative

Reduced intensity

11.5

11.0

10.5

Haemoglobin concentration (g/dL)

10.0

Myeloablative Reduced intensity

HSCT conditioning regimen

FIGURE 2: The post-haematopoietic stem cell transplantation (HSCT)
median haemoglobin concentration among sickle cell anaemia (SCA)
survivors was stratified by the type of HSCT conditioning regimen.

As shown in Table 1, 82.6% (19/23) of the SCA survivors experienced ovarian dysfunction after HSCT
treatment. There was no association between the mean age of SCA patients (p = 0.110) or the median age of
SCA survivors at follow-up assessment (p = 0.934) and impaired ovarian function. A longer median follow-
up duration was observed in SCA survivors with impaired ovarian function than in survivors with normal
ovarian function (12.0 vs. 7.5 years, p = 0.048). There were higher odds of impaired ovarian function in the
SCA survivors who had matched sibling donors and myeloablative conditioning regimens compared to those
who had haploidentical donors and a reduced intensity regimen (94.1% vs. 50.0%, p = 0.040).

Ovarian function

p-value
Impaired (%) Normal (%)
19 (82.6) 4(17.4) NA
74+£29 10.3+3.6 0.110
12.0 (9.0 -12.0) 7.5(5.5-12.3) 0.048%
17.0 (16.0 — 18.0) 17.0 (15.3 - 21.8) 0.934%
16 (94.1) 1 (5.9%) 0.040"
3 (50.0) 3(50.0)

TABLE 1: Distribution of sickle cell anaemia survivors based on ovarian function post-HSCT

(n=23)

HSCT: haematopoietic stem cell transplantation; IQR: interquartile range; SD: standard deviation

tFisher’s exact test; fMann-Whitney U test

Discussion

This retrospective cohort study provides insights into long-term ovarian function in female SCA survivors
after HSCT treatment in Lagos. We reported that SCA survivors had HSCT at an earlier age compared to
survivors who had non-HSCT treatment. Our findings also suggest that HSCT significantly impacts ovarian
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function compared to non-HSCT treatment. More than four-fifths of the SCA survivors had ovarian
dysfunction after HSCT treatment. Additionally, we reported that having a longer duration of follow-up
post-HSCT was associated with a higher probability of impaired ovarian function. It was also noted that,
despite having similar treatment effectiveness, using a reduced-intensity conditioning regimen after a
haploidentical donor has less impact on ovarian function than using a myeloablative regimen with a
matched donor.

It was not surprising that SCA survivors who had HSCT treatment had it at an earlier age compared to
survivors who had non-HSCT treatment. This is because it is believed that performing HSCT at an earlier age
in SCA patients will offer the best chance for successful engraftment, prevention of complications, and long-
term benefits compared to when the procedure is performed at a relatively older age [3]. We reported that up
to 82.0% of the SCA survivors in our study experienced ovarian dysfunction after HSCT treatment, similar to
a previous study by Mayer et al. [9] that reported impaired gonadal function in about 80% of children who
underwent bone marrow transplantation for acute lymphoblastic leukaemia in University Children's
Hospital, Tiibingen, Germany. Our reported figure is, however, higher than the 57.1% reported in a
multicenter trial of 14 paediatric females who underwent a human leukocyte antigen (HLA)-matched HSCT
for sickle cell disease in Children's Hospital and Research Centre, Oakland, California, USA, between 1991
and 2000 [10], which may be an indication of the pre-existing high prevalence of malnutrition in our setting
[11], which could negatively impact the ovarian reserve of SCA patients before and after the HSCT treatment.

Similarly to most previous studies [5,12-14] that have identified gonadal dysfunction as the most common
endocrine complication of HSCT in long-term female SCA survivors of HSCT, our study reported a
significant impact of HSCT on ovarian function. This contrasts with the belief that young age protects the
ovary from damage during HSCT [15]. This thus highlights the importance of considering the potential
reproductive implications of HSCT in female SCA patients and providing comprehensive fertility counselling
and preservation strategies for female SCA patients considering HSCT. Therefore, given the potential impact
of HSCT on ovarian function and fertility, healthcare providers need to discuss reproductive options,
including oocyte or embryo cryopreservation, with patients before transplantation. Additionally, close
monitoring of ovarian function post-transplantation is warranted to identify patients at risk of premature
ovarian insufficiency and to facilitate timely interventions to preserve fertility and prevent complications of
premature menopause, such as osteoporosis and other complications resulting from a lack of hormones [5].

One notable observation from our study is the association between the duration of follow-up post-HSCT and
the probability of impaired ovarian function. Specifically, we found that longer durations of follow-up were
associated with a higher likelihood of SCA survivors experiencing impaired ovarian function. This finding
suggests that the impact of HSCT on ovarian function may become more pronounced over time regardless of
the age of performing HSCT, underscoring the need for long-term monitoring and early management of
reproductive health in SCA survivors after undergoing HSCT. Although, in contrast to the report by Sanders
in 1991 indicating that almost all female patients above the age of 12 who underwent HSCT experienced
ovarian failure, possibly due to a decreased reserve of primordial follicles [4], we reported no impact of age
on ovarian function in our current study. Another important finding in our study is the differential impact of
conditioning regimens, despite similar treatment effectiveness, on ovarian function outcomes post-HSCT.
Specifically, our results suggest that using a myeloablative regimen with a matched donor has a higher
impact on ovarian function than using a reduced-intensity conditioning regimen with a haploidentical
donor, which corroborates the findings from previous studies [16]. This differential impact on ovarian
function by different conditioning regimens may be attributed to varying degrees of gonadotoxicity
associated with different transplant protocols, despite advancements in HSCT therapeutic approaches [3].
Reduced-intensity conditioning regimens, associated with lower doses of chemotherapy and radiation, may
result in less damage to ovarian tissue and preservation of ovarian function compared to myeloablative
regimens [3,16]. Therefore, our findings suggest further research to elucidate the mechanisms underlying
gonadal toxicity in HSCT and to optimize conditioning regimens to minimize adverse effects on ovarian
function. It also underscores the importance of regimen selection in mitigating the adverse effects of HSCT
on ovarian function, with potential implications for fertility preservation and reproductive health
counselling in female SCA patients undergoing HSCT.

The major strength of this pilot study is the longitudinal data collection approach, which allows for the
assessment of temporal trends and provides a more nuanced understanding of the impact of HSCT on
ovarian function. Furthermore, this is the first study to generate data on the long-term ovarian function
patterns of Nigerian SCA children who underwent HSCT treatment. However, despite the valuable insights
provided in this study, several limitations warrant consideration. The study's retrospective design could
introduce bias and limit the generalizability of our findings. Additionally, the sample size may have been
insufficient to detect subtle differences in ovarian function outcomes between treatment groups. Therefore,
future prospective studies with larger cohorts and longer follow-up periods are warranted to validate our
findings and further elucidate the factors influencing ovarian function post-HSCT in female SCA survivors.

Conclusions

Our study highlights the significant impact of HSCT on long-term ovarian function in female SCA survivors.
This underscores the need for tailored reproductive health management strategies, including fertility
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counselling, preservation strategies, and hormone replacement therapy. However, further prospective
studies with larger sample sizes and longer follow-up periods are warranted to confirm our findings and
elucidate the factors influencing ovarian function in SCA survivors of HSCT. In addition, studies are also
needed to highlight the optimal transplant protocols and fertility preservation strategies to minimize
gonadal toxicity and preserve reproductive function in female SCA patients undergoing HSCT.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Acquisition, analysis, or interpretation of data: Kehinde S. Okunade, Olusola Olowoselu, Olufemi A.
Oyedeji, Ademola Adewoyin, Nosimot O. Davies, Obiefuna I. Ajie

Drafting of the manuscript: Kehinde S. Okunade, Olusola Olowoselu

Critical review of the manuscript for important intellectual content: Kehinde S. Okunade, Olusola
Olowoselu, Olufemi A. Oyedeji, Ademola Adewoyin, Gaurav Kharya, Nosimot O. Davies, Obiefuna I. Ajie

Concept and design: Olusola Olowoselu, Gaurav Kharya

Supervision: Olusola Olowoselu, Gaurav Kharya

Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. The Health Research
Ethics Committee of the Lagos University Teaching Hospital issued approval (ADM/DCST/HREC/APP/3836).
The research protocol for this study was performed according to the Declaration of Helsinki before accessing
the patient’s medical records and subsequent data collection. Strict confidentiality measures were
maintained for patients' information throughout and after the conclusion of the study. Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

Acknowledgements

Our deepest gratitude to the patients who consented to participate in this study and their parents who gave
assent. They are indeed our heroes! We also express our appreciation to the staff of Haematology and Blood
Transfusion at the College of Medicine, University of Lagos, for their support in conducting this study.

References

1. Inusa BP, Hsu LL, Kohli N, Patel A, Ominu-Evbota K, Anie KA, Atoyebi W: Sickle cell disease-genetics,
pathophysiology, clinical presentation and treatment . Int ] Neonatal Screen. 2019, 5:20.
10.3390/ijns5020020

2. Johnson FL, Look AT, Gockerman J, Ruggiero MR, Dalla-Pozza L, Billings FT 3rd: Bone-marrow
transplantation in a patient with sickle-cell anemia. N Engl ] Med. 1984, 311:780-3.
10.1056/NEJM198409203111207

3. Chakravarthy R, Friedman DL: Long-term health outcomes following curative therapies for sickle cell
disease. Hematology Am Soc Hematol Educ Program. 2022, 2022:272-6. 10.1182/hematology.2022000373

4. Sanders JE: The impact of marrow transplant preparative regimens on subsequent growth and development.
The Seattle Marrow Transplant Team. Semin Hematol. 1991, 28:244-9.

5. Bhatia S: Long-term health impacts of hematopoietic stem cell transplantation inform recommendations for
follow-up. Expert Rev Hematol. 2011, 4:437-52; quiz 453-4. 10.1586/ehm.11.39

6. GBD 2021 Sickle Cell Disease Collaborators: Global, regional, and national prevalence and mortality burden
of sickle cell disease, 2000-2021: a systematic analysis from the Global Burden of Disease Study 2021. Lancet
Haematol. 2023, 10:e585-99. 10.1016/52352-3026(23)00118-7

7. Sinharay S, Stern HS, Russell D: The use of multiple imputation for the analysis of missing data . Psychol
Methods. 2001, 6:317-29.

8. Modi D, Uberti J: Hematopoietic Stem Cell Transplantation: An Overview. In: Soubani, A.O. (eds) Pulmonary
and Critical Care Considerations of. Hematopoietic stem cell transplantation: an overview. Soubani AO (ed):
Springer, Cham; 2023. 1-15.

9. Mayer EI, Dopfer RE, Klingebiel T, Scheel-Walter H, Ranke MB, Niethammer D: Longitudinal gonadal
function after bone marrow transplantation for acute lymphoblastic leukemia during childhood. Pediatr
Transplant. 1999, 3:38-44. 10.1034/j.1399-3046.1999.00006.x

2024 Olowoselu et al. Cureus 16(4): €58195. DOI 10.7759/cureus.58195 60f7


https://dx.doi.org/10.3390/ijns5020020?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijns5020020?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJM198409203111207?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJM198409203111207?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1182/hematology.2022000373?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1182/hematology.2022000373?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/1716003/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1586/ehm.11.39?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1586/ehm.11.39?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S2352-3026(23)00118-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S2352-3026(23)00118-7?utm_medium=email&utm_source=transaction
https://psycnet.apa.org/record/2001-10249-001?utm_medium=email&utm_source=transaction
https://doi.org/10.1007/978-3-031-28797-8_1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1034/j.1399-3046.1999.00006.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1034/j.1399-3046.1999.00006.x?utm_medium=email&utm_source=transaction

Cureus

10.

11.

12.

13.

14.

15.

16.

Walters MC, Hardy K, Edwards S, et al.: Pulmonary, gonadal, and central nervous system status after bone
marrow transplantation for sickle cell disease. Biol Blood Marrow Transplant. 2010, 16:263-72.
10.1016/j.bbmt.2009.10.005

Miiller O, Krawinkel M: Malnutrition and health in developing countries. CMAJ. 2005, 173:279-86.
10.1503/cmaj.050342

Orio F, Muscogiuri G, Palomba S, et al.: Endocrinopathies after allogeneic and autologous transplantation of
hematopoietic stem cells. ScientificWorldJournal. 2014, 2014:282147. 10.1155/2014/282147

Schechter T, Finkelstein Y, Doyle ], Koren G: Pregnancy after stem cell transplantation. Can Fam Physician.
2005, 51:817-8.

Socié G, Salooja N, Cohen A, et al.: Nonmalignant late effects after allogeneic stem cell transplantation .
Blood. 2003, 101:3373-85. 10.1182/blood-2002-07-2231

Sarafoglou K, Boulad F, Gillio A, Sklar C: Gonadal function after bone marrow transplantation for acute
leukemia during childhood. ] Pediatr. 1997, 130:210-6. 10.1016/s0022-3476(97)70345-7

Smith-Whitley K: Reproductive issues in sickle cell disease . Hematology Am Soc Hematol Educ Program.
2014, 2014:418-24. 10.1182/asheducation-2014.1.418

2024 Olowoselu et al. Cureus 16(4): €58195. DOI 10.7759/cureus.58195

7of7


https://dx.doi.org/10.1016/j.bbmt.2009.10.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.bbmt.2009.10.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1503/cmaj.050342?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1503/cmaj.050342?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2014/282147?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2014/282147?utm_medium=email&utm_source=transaction
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1479532/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1182/blood-2002-07-2231?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1182/blood-2002-07-2231?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0022-3476(97)70345-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0022-3476(97)70345-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1182/asheducation-2014.1.418?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1182/asheducation-2014.1.418?utm_medium=email&utm_source=transaction

	Long-Term Ovarian Function Assessment After Haematopoietic Stem Cell Transplantation in Female Sickle Cell Anaemia Survivors
	Abstract
	Introduction
	Materials And Methods
	Study design and settings
	Study population
	Study procedure and data collection
	Statistical analysis
	Ethical considerations

	Results
	FIGURE 1: Images A-D show the comparative median serum levels of (A) oestradiol, (B) luteinizing hormone (LH), (C) follicle-stimulating hormone (FSH), and (D) anti-Müllerian hormone (AMH) in the haematopoietic stem cell transplantation (HSCT) and non-HSCT groups
	FIGURE 2: The post-haematopoietic stem cell transplantation (HSCT) median haemoglobin concentration among sickle cell anaemia (SCA) survivors was stratified by the type of HSCT conditioning regimen.
	TABLE 1: Distribution of sickle cell anaemia survivors based on ovarian function post-HSCT (n=23)

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


