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Abstract

Background: Estrogen-containing hormonal contraception (HC) is a well-established
risk factor for venous thromboembolism (VTE). Women with sickle cell disease (SCD)
also have an increased risk of VTE. However, it is unknown if exposure to HC exac-
erbates the risk of VTE in women with SCD.

Obijectives: Assess the impact of HC on VTE risk in women with SCD and explore
additional risk factors contributing to VTE development.

Methods: We analyzed a retrospective cohort of women of reproductive age (15-49
years) with SCD at the University of North Carolina from 2010 to 2022.

Results: We identified 370 women with SCD, and 93 (25.1%) had a history of VTE.
Among 219 women exposed to HC, 38 of 184 (20.6%) had a VTE while actively using
HC, whereas 20 of 151 (13.2%) women never exposed to HC had a VTE. Of the patients
exposed to HC, 64 of 184 (34.7%) were on estrogen-containing HC, with 120 of 184
(65.3%) using progestin-only formulations. Cox regression analysis found that
progestin-only formulations increased VTE risk (hazard ratio: 2.03; 95% Cl. 1.107-
3.726, P < .05). However, when accounting for disease severity, the association be-
tween progestin-only treatment and VTE risk was not significant. Indeed, a nuanced
analysis revealed that both severe (odds ratio: 11.79; 95% Cl: 5.14-27.06; P < .001) and
moderate (odds ratio: 4.37; 95% Cl: 1.77-10.76; P = .001) disease increased risk
compared with mild disease. Neither genotype nor hydroxyurea use influenced VTE
risk.

Conclusion: Overall, we found that increased thrombotic risk is more likely influenced
by disease status than HC exposure and should play a role in shared decision-making

with patients.
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Essentials

« Women with sickle cell disease are at increased risk of thrombosis.

* Venous thrombosis and contraception use were analyzed in 370 women with sickle cell disease from one institution.

« Contraception status was not associated with thrombosis.

« Severe disease was associated with increased thrombosis risk.

1 | INTRODUCTION

In sickle cell disease (SCD), a genetic point mutation changes a
glutamine to valine in the p-globin chain, generating sickle hemoglobin
(HbS). Upon deoxygenation, HbS polymerizes within erythrocytes and
causes cells to become rigid and sickle-shaped, leading to hemolytic
anemia and blockage of the microvasculature called vaso-occlusive
events [1,2]. These primary pathologies mediate endothelial dysfunc-
tion, painful episodes, and end-organ damage, all contributing to the
disease phenotype seen in individuals with SCD [1]. A broadened
understanding of the disease now implicates the coagulation cascade
in its pathophysiology [3-6], and individuals with SCD are at increased
risk of venous thromboembolism (VTE) [7-9]. The incidence of VTE in
individuals with SCD is 14% to 25%, with a median age at first event
between 25 and 30 years [9-13]. This translates to roughly 4 times
the risk of VTE in the general population and is similar to other
thrombophilias such as antithrombin deficiency (5-10 times risk) and
factor (F)V Leiden (3-5 times risk) [14-17]. Notably, women with SCD
exhibit an increased risk of VTE compared with men, with a hazard
ratio of 1.18 to 1.22 and a reported odds ratio (OR) of 1.9 [8,18,19].
Known risk factors for VTE in women with SCD include disease
severity (assessed by frequency of hospitalization), pulmonary hy-
pertension, avascular necrosis, acute chest syndrome, and vaso-
occlusive crisis [8,18,19]. Pregnancy is a recognized risk factor for
VTE in general, and this risk is substantially amplified in women with
SCD [20], but the increased risk of VTE has been found to be inde-
pendent of pregnancy [21,22]. This underscores the need to explore
additional factors contributing to VTE in this specific population.
Hormonal contraception (HC), particularly estrogen-containing
HC, increases the risk of VTE by about 2.5-fold in the general popu-
lation [23-25]. Combined oral contraception synergistically increases
the risk of VTE in women with antithrombin deficiency and FV Leiden
by approximately 20 to 30 fold [17]. Considering this and the higher
vulnerability of women with SCD [8,18,19], many factors must be
discussed with women when initiating a contraceptive method,
including the risk of VTE [26]. According to the 2016 Medical Eligi-
bility Criteria for Contraceptive Use Guidelines, there are currently no
restrictions on progesterone-only contraception (POC) use in SCD
patients. These guidelines consider estrogen-containing HC safe in
this population because the advantages are thought to outweigh the
risks [27]. Sickle cell providers have valid concerns that estrogen-
containing HC might compound the risk of VTE in SCD; however,
many clinicians prescribe POC to their patients instead of estrogen-
containing HC [26,28]. Recent meta-analyses have identified that

some POCs, including depot medroxyprogesterone acetate (DMPA),
have an elevated risk of VTE in the general population [29] and
women with inherited thrombophilias [15]. Whether there is an ad-
ditive or synergistic risk of VTE in women with SCD on combined oral
contraception or POC has been minimally studied [19,26,30,31].

The primary objective of this study is to assess the impact of HC
on VTE risk in women with SCD. We also explore additional risk
factors contributing to VTE development. This research aims to
discern the VTE risks associated with different HC methods, facili-
tating informed decision-making for patients based on their age, life-
style, and reproductive goals [32,33].

2 | METHODS

A retrospective cross-sectional study was performed, using data
collected and reviewed over a 6-month time span from records for all
female patients with a diagnosis of SCD seen at the University of
North Carolina (UNC) between 2010 and 2022. This study was
approved by the Institutional Review Board of UNC, and consent was
not required for anonymized chart review. Exclusion criteria were
sickle cell trait or hemoglobin AA status. Data were initially extracted
by looking for inclusion criteria as follows: females between the ages
of 15 and 49 years [34] with a confirmed diagnosis of SCD. SCD and
VTE, including deep vein thrombosis (DVT) and pulmonary embolism,
were defined with ICD9 or ICD10 codes (Supplementary Methods).
VTE was identified during clinical care. The codes were confirmed by
locating the event date in the chart and determining that there were
correlating imaging findings or 2 discrete notations of the diagnosis in
the chart to limit the possibility of errors being copied forward [35].
Data regarding the development of thrombosis at any time in the
record, presence, and type of contraception, presence and type of VTE
(DVT or PE), and confounders such as age, SCD genotype, severity of
SCD and associated complications, and other major VTE risk factors
were also recorded. Contraception was recorded both if the subject
was ever on contraception and if they were on contraception at the
time of VTE. If multiple VTEs were noted in the record, the date of the
first thrombosis was recorded as the event. HC was defined as the
following categories: combined oral contraceptives, estrogen-
containing patches or rings, depot progesterone, implanted proges-
terone, progesterone-only pills, and progesterone intrauterine device
(IUD). As there were very few in several of the categories, combined
oral contraceptives and patch/ring were pooled as there were only 3

subjects in the patch/ring group and all were estrogen-containing HC.
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FIGURE 1 CONSORT diagram depicting the process of
exclusions. The initial subjects were obtained through data mining
for inclusion criteria.

Pregnancy was recorded in 2 ways: if the subject had ever been
pregnant and if they were pregnant at the time of thrombosis. The
subjects who had missing data for the main outcome of thrombosis
and exposure to contraception were imputed to not have thrombosis
or contraception. Additionally, 6 women were removed due to
pregnancy-associated thrombosis, and 8 were removed because we
could not determine the date of VTE, resulting in a final sample size of
370 for initial analysis. For Cox regression analysis, the 35 individuals
with VTE who were not on HC at the time of event were removed to
allow for analysis without those confounders (Figure 1).

Of the 370 women, subjects were defined as being on HC at the
time of VTE based on the type of contraception. For oral contracep-
tion (including progesterone-only or combined), a subject was defined
as being on HC if prescribed prior to VTE, and there was no indication
that they had stopped in the last 30 days prior to VTE, defined as a
prescription that was filled. For implantable devices (such as IUD or
contraceptive implant), the individual was considered to have
contraception in place if it was implanted prior to VTE and there was
no indication of removal. Lastly, for those on DMPA, those who
started DMPA before VTE and, according to records, were still
receiving injections were considered exposed. Central line status was
defined as ever having a central line for more than 24 hours to rule
out individuals that had a central line for only an exchange trans-
fusion. Central lines included portacath, tunneled catheters, or

untunneled apheresis catheters.
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The severity of SCD was defined as mild, moderate, or severe
using a scoring system reported previously [36], omitting VTE since it
was the focus of this study. In addition, we used a simplified severity
classification determined by the average number of unplanned VOC-
related emergency department visits per year (mild: 0-1; moderate:
2-5; severe: >5) [37].

2.1 | Statistical analysis

Descriptive statistics were utilized for the initial categorization of the
population. Logistic regression modeling was used for the main anal-
ysis. The outcome was thrombosis or not, and the main exposure was
contraception. The variable estrogen-containing contraception was
treated as an exposure to contraception for those subjects. Logistic
regression was also used to determine the effect of severity, SCD
genotype, and hydroxyurea. Confounders including body mass index
(BMI) of >30, severity, smoking status, and central line status at any
point were considered, and models with interactions between
contraception ever and confounders were fitted using multivariate
logistic regression. When looking at age at thrombosis, the Equality of
Variances using folded F statistic found that the groups had differing
variances; thus, a t-test using the Satterthwaite method was used. To
determine differences in proportions of the groups in demographics,
Chi-squared with Fischer’s exact test was used. Cox regression anal-
ysis was performed to compare the hazard of thrombosis among pa-
tients using estrogen-containing combined HC or progestin-only
medications versus those not using HC. The analysis was adjusted for
disease severity determined by the complex scoring system and for
risk factors such as BMI, smoking status, age, and central line status.
Statistical analyses were performed with GraphPad Prism (version 10)
and IBM SPSS Statistics (version 29.0.1.0 [171]).

3 | RESULTS

We identified 370 women with SCD between the ages of 15 and 49
examined in the UNC system from 2010 to 2022 (Table 1). The
average age at data extraction was 32.71 + 7.75 years. Of these, 93
(25.1%) patients had a VTE recorded in the record. In our cohort, the
average age at thrombosis was 27.13 + 6.9 years. Of the 93 patients
with VTE, 35 (37.6%) had DVT, and 41 (44.1%) had a pulmonary
embolism. Other events included 3 portal vein thromboses, 1 clinically
significant superficial thrombosis, 1 left atrial thrombus, and 1 left
ventricle thrombus, and 11 had sites that were not listed.

A noteworthy observation was that 219 (59.2%) patients utilized
HC at some point. Among total HC users, 73 out of 219 (33.3%)
experienced a VTE at any point, with 38 out of 184 (20.6%) experi-
encing VTE while actively using HC. In contrast, among the 151 pa-
tients who were never on HC, 20 (13.2%) had a VTE. The percentage
of subjects that were exposed to HC in the VTE population was higher
than the percentage in the non-VTE group (Table 1). Initial univariate

linear regression analysis revealed an OR of VTE occurrence while
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TABLE 1 Characteristics of the patient cohort, including type of sickle cell disease, severity of disease, contraception status, and hydroxyurea

status.

Demographics
Number (%)

Race

Age (y) (mean + SD)

Genotype (%)

Severity (%)

Total

370 (100)

Black - 368 (99%)
Hispanic - 2 (1%)
3271+ 775

SS: 225 (60.8)

SC: 93 (25.1)

Sp+: 33 (8.9)

SpO: 19 (5.1)

Mild: 120 (32.4)
Moderate: 100 (27)

Severe: 150 (40.5)

Hydroxyurea usage (%) 277 (74.9)
History of central line (%) 99 (26.7)
BMI 27.13

History of smoking (%) 84 (22.7)

VTE No VTE P value
93 (25.1) 277 (74.9)

27.13 + 6.90° 32.50 + 847 P < .001
SS: 67 (72) SS: 158 (57) p=.01°
SC: 16 (17.2) SC: 77 (27.7) P =.05°
SB+: 6 (6.5) Sp+: 27 (9.7) P = .40¢
SBO: 4 (4.3) SpO: 15 (5.4) P=.79°
Mild: 5 (5.4) Mild: 115 (41.2) P < .0001f
Moderate: 23 (24.7) Moderate: 77 (28.2) P =.59®
Severe: 65 (69.9) Severe: 85 (30.7) P < .0001"
84 (90.3) 193 (69.6) P < .0001
52 (55.9) 47 (17.0) P < .0001
26.9 27.2 P=.75

23 (24.7) 61 (22.0) pP=.57

Percentages have a denominator of the total of the column. P values derived from Chi-squared with Fischer’s exact test.

BMI, body mass index; SC, heterozygous sickle cell, hemoglobin C; SS, homozygous sickle cell disease; Sp+, sickle cell plus beta thalassemia; SBO, sickle cell

beta thalassemia null; VTE, venous thromboembolism.
2Age at event.

bSS versus all others.

°SC versus all others,

95+ versus all others.

€SB0 versus all others.

fMild versus moderate or severe.

EModerate versus mild or severe.

hSevere versus mild or moderate.

being on all HC of 0.64 (95% Cl: 0.11-3.93; P = .63). The adjusted OR,
or multivariate analysis, which accounted for possible VTE con-
founders (BMI, smoking status, severity based on the complex severity
score, age, and central line status) was 0.46 (95% Cl: 0.06, 3.45; P =
A45) (Figure 2). It is worth noting that among the 93 cases of VTE, 30
instances were found to have a central line in place. However,
establishing causation in these cases is a challenging task.
Interestingly, 35 of our patients had a history of HC usage that did
not coincide with their VTE. Therefore, we excluded those patients for
further analysis (Figure 1). In this group, we found that although 64 of
184 (34.8%) of the patients actively on HC were on estrogen-
containing HC, only 10 of the 64 (15.6%) experienced VTE while
taking estrogen-containing HC, and 120 (65.2%) experienced VTE
while taking POC (Table 2). There were insufficient subjects on
estrogen-containing HC to conduct logistic regression. This limitation
also applied to all other individual types of POC (IUD, implant, DMPA,
and POP); each group had too few subjects experiencing VTE while on
contraception to perform logistic regression. Therefore, Cox regres-

sion analysis was performed to compare thrombosis hazards for

0.64:
Crude OR: VTE on Contraception Ever- |—0—|
0.46:
Adjusted OR: VTE on contraception e
o179
OR: Severe vs Mild- D e
1 4.37
OR: Moderate vs Mild- ;e
1

0.01 0?1 ‘: 10 1(I)0
Odds Ratio

FIGURE 2 Oral contraception does not increase the risk of
venous thromboembolism in women with sickle cell disease at this
single-center site. Odds ratios (ORs) for several subgroups of
analysis. The univariate analysis revealed a crude OR for venous
thromboembolism on contraception was 0.64 (OR: 0.11-3.93; P =
.63). Adjusted OR (for BMI, smoking status, severity, age, and
central line status) was 0.46 (OR: 0.06-3.45; P = .45). When
comparing severe to mild disease, the OR was 11.79 (OR: 5.14-
27.06; P < .001), and moderate to severe was 4.37 (OR: 1.77-10.76;
P < .001).
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TABLE 2 Characteristics of the patients actively using hormonal thrombosis rate with an OR of 1.61 (95% Cl: 0.76, 3.41; P = .21). We
contraception. also found that there were significantly more patients taking hy-
Category  Total VTE No VTE droxyurea in the VTE group (90.3%) compared with the non-VTE
HC, Active 184 38 146 group (69.6%) (Table 1). However, the regression analysis showed
Use no increase in the rate of VTE with regard to hydroxyurea use: OR of
Estrogen 64 (34.8) 10 (26.3) 54 (36.9) 1.73 (95% Cl. 0.82, 3.55; P = .14).
HC
POC 120 (65.2) 28 (73.7) 92 (63.1)
Severity Mild: 140 (76.1) Mild: 20 (52.6) Mild: 120 (82.2) 4 | DISCUSSION

Moderate: 21 (11.4) Moderate: 7 (18.4) Moderate: 14 (9.6)

Severe: 23 (12.5) Severe: 11 (28.9) Severe: 12 (8.2)

Percentages have a denominator of the active HC of their column. These

data were used for Cox hazard analysis.
HC, hormonal contraception; POC, progesterone-only contraception.

patients on combined estrogen-containing HC or POC versus those
not on HC. The time-to-event in this analysis was defined as the
occurrence of thrombosis or the end of the study period. This unad-
justed analysis yielded similar results to previous linear regression,
with POC being a statistically significant hazard for thrombosis (HR:
2.03; 95% Cl: 1.107-3.726; P < .05) (Figure 3A). Considering the po-
tential influence of disease severity on HC prescription strategies [31],
we further adjusted our Cox regression analysis for SCD severity
based on the complex model [36]. After stratification by severity (mild,
moderate, severe), the association between POC and thrombosis risk
was no longer significant (HR: 1.64; 95% Cl: 0.894-3.018; P = .11)
(Table 3), and that severe status, but not moderate, drove the risk
(Figure 3B). After severity stratification, no difference in time-to-
event hazard was observed between estrogen and POC treatment
groups (Figure 3C-E). Adjustment for individual VTE risk factors
(smoking, central line status, age, and BMI) revealed no significant
effects (Supplementary Data).

The assessment of disease severity in this study was conducted by
considering many factors in clinical care, as previously detailed [36]. In
the VTE group, significantly fewer patients were categorized as mild,
and significantly more patients were categorized as severe (Table 1).
Therefore, logistic regression analysis was performed to compare se-
vere or moderate disease against mild disease. The OR for severe
versus mild was 11.79 (95% Cl: 5.14-27.06; P < .001) and for moderate
versus mild, it was 4.37 (95% Cl: 1.77, 10.76; P = .001). In the simplified
severity model that relied solely on the number of unplanned hospi-
talizations to classify patients, no statistically significant differences in
OR for VTE were observed. Specifically, the OR for severe versus mild
disease was 1.68 (95% Cl: 0.55-5.08; P = .361) and for moderate dis-
ease versus mild, it was 0.79 (95% Cl: 0.24-2.56; P = .69).

We conducted a comparison of VTE rates based on SCD geno-
type. In the total sample, 60.8% of patients were homozygous HbSS.
Notably, there was a significant increase in the proportion of patients
with HbSS genotype within the VTE group (72%) when compared with
the no VTE group (57%) (P = .01) (Table 1). In a secondary analysis that
distinguished severe genotypes of HbSS and S[}ThalO from typically
mild genotypes, HbSC and HbSBThal*, we did not find an increase in

In this single-center cohort of female patients with SCD, we identified a
high rate of VTE (25.1%) that occurred at an average age of 27 years.
The incidence is higher than previously reported by Brunson et al. [8,18]
(11.2%) and in the Cooperative Study of Sickle Cell Disease (11.3% by
age 40) [10], but aligning with Roe et al. [19], who reported a rate of
24.6%. Our results describe a population of women with SCD who face a
heightened risk of thrombosis, which occurs at a significantly younger
age than described in the general population [8,10,38]. The primary
objective of this study was to investigate the potential contribution of
HC to the elevated risk of VTE in women with SCD. Both crude and
adjusted OR remained nonsignificant, indicating that HC may not
exacerbate the risk of VTE in this population.

At this institution, a noteworthy trend emerged regarding overall
HC usage among those with SCD: 59.2% of the female SCD population
had been prescribed HC. This exceeds the rates reported in previous
studies [19,26,31,32,39-41]. Notably, 29.2% of the women taking HC in
our study were on estrogen-containing HC, which is higher than initially
anticipated since many providers advise against its use in women with
SCD [26,28]. In our cohort, the patients taking estrogen-containing HC
were equally distributed among mild, moderate, and severe disease
categories. These findings are consistent with a recent retrospective
analysis by Bala et al. [31], which examined a large Medicaid database.
In their study of 27,950 women with SCD aged 12 to 44 years, 26%
initiated new contraception claims, with 44.6% being prescribed
estrogen-containing HC, indicating that this institution’s data align with
broader trends. Moreover, their study found no difference in the
thrombosis rates between individuals initiating estrogen-containing HC
or POC. In their study, patients prescribed POC were more likely to be
older, have more severe disease, and have a HbSS genotype. This in-
dicates that disease status is considered when prescribing HC. Indeed,
this is reflected in our study when adjusting for disease severity in both
the linear and Cox regression analyses.

The results of this study indicate that using POC in women with
SCD does not seem to increase the risk of VTE. This is supported by
the linear regression, which did not show significance in terms of
overall contraceptive usage, as well as by the hazard ratio, which
normalizes when taking into account the severity of the disease. This
contrasts with other prothrombotic conditions. For example, in cases
involving FV Leiden mutations, the relative risk of VTE when taking
estrogen-containing HC is synergistic, with an estimated OR of 20 to
30 for heterozygous patients and even higher for those with homo-
zygous mutations [42,43]. Thus, POC is the preferred contraception

strategy in these other patients with prothrombotic conditions
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FIGURE 3 Cox regression analysis reveals that disease severity drives thrombosis risk. (A) hazard functions for estrogen versus
progesterone versus no hormonal contraception. (B) Hazard functions of mild, moderate, or severe. (C) Hazard functions of estrogen or

progesterone with adjustment for severity.

TABLE 3 Results of Cox regression analysis when adjusted for
severity.

Comparison Hazard ratio (95%Cl) P value
Estrogen versus non-HC 1.54 (0.725-3.463) 249
Progesterone versus non-HC 1.642 (0.894-3.018) .110

HC, hormonal contraception.

because it does not significantly increase VTE risk [44]. It is important
to note that the absolute risk of VTE differs significantly between FV
Leiden and SCD, though with FV Leiden having approximately 16
events per 10,000 patient-years, while SCD is associated with roughly
5 events per 1000 patient-years [10]. This prompts consideration that
SCD itself confers a higher risk of VTE compared with FV Leiden .
Consequently, it may be more challenging to discern a noticeable
difference in VTE risk with the addition of HC in SCD patients,
considering their baseline risk of VTE is already elevated. These dis-
parities emphasize the immediate need to address thrombotic com-
plications in women with SCD. Despite this elevated risk, this
population has received less attention, and for that reason, we set out
to determine other risk factors for VTE in our study population.
There is evidence that the severity of disease was the main
driving factor for VTE in our population. This was supported not only
by the logistic regression analysis which showed differences in disease
severity but also by the Cox regression analysis which showed miti-

gation of effect when severity was factored in. Additionally, it was

interesting to note that POC was found to have an increased hazard in
the Cox regression, but its significance returned to insignificance upon
adjustment for severity. This led us to theorize that higher-risk pa-
tients may be more likely to be prescribed POC at baseline.

In this study, a comprehensive disease severity classification that
considers multiple factors and complications [36] was utilized and
revealed significant differences between groups. The findings indicate
that individuals with severe disease, as hypothesized, have an
increased risk of VTE. The analysis of a simplified severity index,
focusing solely on unplanned hospitalizations, did not reveal signifi-
cant differences between groups. To validate these findings and better
understand the factors contributing to VTE risk in this population,
further research with larger sample sizes, including both retrospective
and prospective studies, is necessary. This study emphasizes the need
for a standardized and clinically validated system for quantifying
disease severity.

4.1 | Strengths and limitations

The strengths of this study included a detailed look at the diagnosis,
confirmed comorbidities, and precise timing of VTE related to HC
usage. Due to the multiple methods of confirmation of contraception
and VTE presence, we could determine if patients were using HC at

the time of the VTE events with more certainty than many other
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studies. Moreover, the overall size of the study was more than suffi-
cient to determine the effect, with sample size calculations estimating
about 148 needed to provide statistically significant effects.

The study has some limitations. We could not analyze the impact
of estrogen-containing HC on VTE through logistic regression due to
the limited number of cases where patients were using it at the time
of VTE. Since the prescription rate of estrogen-containing HC is lower
in women with SCD compared with the general population, our study
is subject to a selection bias [26,28]. We were unable to consider all
disease-specific complications and confounders to fully analyze the
compounded effect of disease severity on HC utilization. Additionally,
information on whether patients were on anticoagulation for other
indications was not recorded. We could not differentiate between a
patient’s history of central venous catheter and whether the catheter
was in place at the time of VTE. To address this, we adjusted for
catheter status as a general measure of disease severity and throm-
botic risk.

4.2 | Conclusions and future directions

Despite these limitations, our study adds to the inadequate data
available on this topic in SCD patients. The study’s results thus
highlight the unique considerations and risk profiles associated with
contraception in women with SCD, underscoring the importance of
tailored medical care for this patient population. Although the risk of
HC was found to be insignificant overall, the incidence of baseline VTE
is quite high. Our findings emphasize the significance of disease
severity in conversations with women with SCD regarding contra-
ception choices, as these factors appear to play a more substantial role
in their potential thrombosis risk than HC. Clinicians should consider
these findings and those previously published [19,31] when discussing
reproductive care in women with SCD. It is still imperative to address
the question of why women with SCD have a higher risk of VTE and if
there is a synergistic effect between estrogen-containing HC and
disease severity on VTE risk. To gain a more comprehensive under-
standing of the risk associated with estrogen-containing HC in in-
dividuals with SCD, future studies with larger sample sizes are
warranted. We propose that contraception status is a critical data
point to include in large nationwide patient databases to create more
robust research resources. Further prospective and basic science
studies are needed to understand the biochemical and physiological
pathways that contribute to the pathology of VTE and identify bio-
markers that may predict risk in women with SCD.

FUNDING
E.M.S. is supported by National Institutes of Health National Heart
Lung and Blood Institute RO1 HL155193.

AUTHOR CONTRIBUTIONS
The study was conceived by J.L. and EMS. All, H.Z, SH., and J.L.
performed statistical analysis. J.L, CM.A, JBM., and EMS.

rpm 70f 8

esearch & practice
in thrombosis & haemostasis

interpreted, analyzed, and edited data. J.L. wrote the first draft of the
manuscript, which was subsequently edited by all co-authors. All au-
thors approved the final version of the manuscript. This manuscript
has not been published, nor is it under consideration for publication in

any other journal.

RELATIONSHIP DISCLOSURE

E.M.S. receives funding from CSL Behring for an unrelated project.
Both J.B.M. and C.M.A. receive funds from the advisory board for
Pfizer. The remaining authors have no conflicts of interest to declare.
A part of this research was presented in abstract form at the 2023
ISTH Congress. Data may be obtained by emailing the corresponding
author.

ORCID

Erica M. Sparkenbaugh https://orcid.org/0000-0002-5529-7847

X
Erica M. Sparkenbaugh X @sparkenbaughlab

REFERENCES

[1] Kato GJ. Sickle cells and sickle trait in thrombosis. Blood.
2019;133:2463.

[2] Serjeant GR. Sickle-cell disease. Lancet. 1997;350:725-30.

[3] De Franceschi L, Cappellini MD, Olivieri O. Thrombosis and sickle
cell disease. Semin Thromb Hemost. 2011;37:226-36.

[4] Ataga Kl. Hypercoagulability and thrombotic complications in he-
molytic anemias. Haematologica. 2009;94:1481-4.

[5] Sparkenbaugh E, Pawlinski R. Interplay between coagulation and
vascular inflammation in sickle cell disease. Br J Haematol.
2013;162:3-14.

[6] Noubouossie D, Key NS, Ataga Kl. Coagulation abnormalities of
sickle cell disease: relationship with clinical outcomes and the effect
of disease modifying therapies. Blood Rev. 2016;30:245-56.

[7]1 Srisuwananukorn A, Raslan R, Zhang X, Shah BN, Han J, Gowhari M,
et al. Clinical, laboratory, and genetic risk factors for thrombosis in
sickle cell disease. Blood Adv. 2020;4:1978-86.

[8] Brunson A, Lei A, Rosenberg AS, White RH, Keegan T, Wun T.
Increased incidence of VTE in sickle cell disease patients: risk factors,
recurrence and impact on mortality. Br J Haematol. 2017;178:319-
26.

[9] Naik RP, Streiff MB, Lanzkron S. Sickle cell disease and venous
thromboembolism: what the anticoagulation expert needs to know.
J Thromb Thrombolysis. 2013;35:352-8.

[10] Naik RP, Streiff MB, Haywood Jr C, Segal JB, Lanzkron S. Venous
thromboembolism incidence in the Cooperative Study of Sickle Cell
Disease. J Thromb Haemost. 2014;12:2010-6.

[11] Noubiap JJ, Temgoua MN, Tankeu R, Tochie JN, Wonkam A,
Bigna JJ. Sickle cell disease, sickle trait and the risk for venous
thromboembolism: a systematic review and meta-analysis. Thromb J.
2018;16:27.

[12] Shet AS, Wun T. How | diagnose and treat venous thromboembolism
in sickle cell disease. Blood. 2018;132:1761-9.

[13] Lizarralde-lragorri MA, Shet AS. Sickle cell disease: a paradigm for
venous thrombosis pathophysiology. Int J Mol Sci. 2020;21:5279.

[14] Kujovich JL. FactorV Leiden thrombophilia. Genet Med. 2011;13:1-16.

[15] Khialani D, le Cessie S, Lijfering WM, Cannegieter SC, Rosendaal FR,
van Hylckama Vlieg A. The joint effect of genetic risk factors and


https://orcid.org/0000-0002-5529-7847
https://orcid.org/0000-0002-5529-7847
https://orcid.org/0000-0002-5529-7847
https://twitter.com/sparkenbaughlab
https://twitter.com/sparkenbaughlab
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref1
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref1
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref2
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref3
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref3
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref4
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref4
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref5
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref5
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref5
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref6
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref6
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref6
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref7
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref7
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref7
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref8
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref8
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref8
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref8
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref9
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref9
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref9
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref10
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref10
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref10
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref11
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref11
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref11
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref11
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref12
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref12
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref13
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref13
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref14
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref15
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref15

8of 8 rpm

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

LIGHT ET AL

research & practice §
in thrombosis & haemostasis

different types of combined oral contraceptives on venous throm-
bosis risk. Br J Haematol. 2020;191:90-7.

Ogunsile FJ, Naik R, Lanzkron S. Overcoming challenges of venous
thromboembolism in sickle cell disease treatment. Expert Rev Hem-
atol. 2019;12:173-82.

ESHRE Capri Workshop Group. Venous thromboembolism in
women: a specific reproductive health risk. Hum Reprod Update.
2013;19:471-82.

Brunson A, Keegan T, Mahajan A, White R, Wun T. High incidence of
venous thromboembolism recurrence in patients with sickle cell
disease. Am J Hematol. 2019;94:862-70.

Roe AH, McAllister A, Kete C, Pishko A, Whitworth H, Schreiber CA,
et al. Sex as an independent risk factor for venous thromboembolism
in sickle cell disease: a cross-sectional study. J Womens Health
(Larchmt). 2022;31:1467-71.

Agarwal S, Stanek JR, Vesely SK, Creary SE, Cronin RM, Roe AH,
et al. Pregnancy-related thromboembolism in women with sickle cell
disease: an analysis of National Medicaid Data. Am J Hematol.
2023;98:1677-84.

Shaukat R, Blanc K, Brown T, Robin A, Martinez S, Walton J, et al.
Incidence of VTE in pregnant women with sickle cell gene mutation(s):
Aretrospective database analysis. Blood. 2022;140(Suppl 1):2556-72.
James AH, Jamison MG, Brancazio LR, Myers ER. Venous throm-
boembolism during pregnancy and the postpartum period: incidence,
risk factors, and mortality. Am J Obstet Gynecol. 2006;194:1311-5.
Douxfils J, Morimont L, Bouvy C. Oral contraceptives and venous
thromboembolism: focus on testing that may enable prediction and
assessment of the risk. Semin Thromb Hemost. 2020;46:872-86.
Morimont L, Haguet H, Dogné J-M, Gaspard U, Douxfils J. Combined oral
contraceptives and venous thromboembolism: review and perspective to
mitigate the risk. Front Endocrinol (Lausanne). 2021;12:769187.

Reid RL. Oral hormonal contraception and venous thromboembolism
(VTE). Contraception. 2014;89:235-6.

Roe AH, Lang B, McAllister A, Gaitors MC, Smith-Whitley K,
Schreiber CA, et al. Contraceptive use and preferences among fe-
males with sickle cell disease. Contraception. 2022;105:42-5.

Curtis KM, Tepper NK, Jatlaoui TC, Berry-Bibee E, Horton LG,
Zapata LB, et al. U.S. Medical eligibility criteria for contraceptive use,
2016. MMWR Recomm Rep. 2016;65:1-103.

Pecker LH, Burke A, Streiff MB, Lanzkron S, Naik RP. Progestin-only
contraception is first line for sickle cell disease: a comment on
"Hormonal therapies in females with blood disorders: thrombophilia,
thrombosis, hemoglobinopathies, and anemias.”. Res Pract Thromb
Haemost. 2023;7:102183.

Glisic M, Shahzad S, Tsoli S, Chadni M, Asllanaj E, Rojas LZ, et al.
Association between progestin-only contraceptive use and car-
diometabolic outcomes: a systematic review and meta-analysis. Eur J
Prev Cardiol. 2018;25:1042-52.

Haddad LB, Curtis KM, Legardy-Williams JK, Cwiak C, Jamieson DJ.
Contraception for individuals with sickle cell disease: a systematic
review of the literature. Contraception. 2012;85:527-37.

(31]

(32]

(33]

(34]

[35]

[36]

(37]

(38]

[39]

[40]

(41]

[42]

[43]

[44]

Bala NS, Stanek JR, Vesely SK, Cronin RM, Creary SE, Roe AH, et al.
Comparison of thromboembolism outcomes in patients with sickle
cell disease prescribed hormonal contraception. Blood Adv.
2023;7:6140-50.

Pecker LH, Hussain S, Lanzkron S, Tao X, Thaler K, Burke AE, et al.
Women with sickle cell disease report low knowledge and use of
long acting reversible contraception. J Natl Med Assoc.
2021;113:552-9.

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 J Haematol. 2021;194:970-9.
World Health Organization. Women of reproductive age (15-49 years)
population. World Health Organization. World Health Organization;
2023.

Reeves S, Garcia E, Kleyn M, Housey M, Stottlemyer R, Lyon-Callo S,
et al. Identifying sickle cell disease cases using administrative claims.
Acad Pediatr. 2014;14(Suppl 5):S61-7.

Shah N, Beenhouwer D, Broder MS, Bronte-Hall L, De Castro LM,
Gibbs SN, et al. Development of a severity classification system for
sickle cell disease. Clinicoecon Outcomes Res. 2020;12:625-33.
Hariharan N, Brunson A, Mahajan A, Keegan THM, Wun T. Bleeding
in patients with sickle cell disease: a population-based study. Blood
Adv. 2020;4:793-802.

Stein PD, Beemath A, Meyers FA, Skaf E, Olson RE. Deep venous
thrombosis and pulmonary embolism in hospitalized patients with
sickle cell disease. Am J Med. 2006;119:897.e7, 11.

Eissa AA, Tuck SM, Rantell K, Stott D. Trends in family planning and
counselling for women with sickle cell disease in the UK over two
decades. J Fam Plann Reprod Health Care. 2015;41:96-101.
Knight-Madden J, Barton-Gooden A. Contraceptive usage among
Jamaican women with sickle cell disease. Contraception.
2009;80:474-8.

Carvalho NS, Braga JP, Barbieri M, Torloni MR, Figueiredo MS,
Guazzelli CAF. Contraceptive practices in women with sickle-cell
disease. J Obstet Gynaecol. 2017;37:74-7.

Hugon-Rodin J, Horellou M-H, Conard J, Gompel A, Plu-Bureau G.
Type of combined contraceptives, factor V Leiden mutation and
risk of venous thromboembolism. Thromb Haemost. 2018;118:
922-8.

Rosendaal FR, Koster T, Vandenbroucke JP, Reitsma PH. High risk of
thrombosis in patients homozygous for factor V Leiden (activated
protein C resistance). Blood. 1995;85:1504-8.

LaVasseur C, Neukam S, Kartika T, Samuelson Bannow B, Shatzel J,
et al. Hormonal therapies and venous thrombosis: considerations for
prevention and management. Res Pract Thromb Haemost. 2022;6:
el12763.

SUPPLEMENTARY MATERIAL
The online version contains supplementary material available at
https://doi.org/10.1016/j.rpth.2024.102471


http://refhub.elsevier.com/S2475-0379(24)00160-2/sref15
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref15
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref16
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref16
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref16
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref17
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref17
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref17
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref18
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref18
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref18
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref19
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref19
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref19
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref19
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref20
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref20
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref20
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref20
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref21
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref21
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref21
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref22
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref22
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref22
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref23
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref23
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref23
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref24
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref24
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref24
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref24
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref25
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref25
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref26
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref26
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref26
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref27
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref27
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref27
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref28
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref28
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref28
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref28
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref28
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref29
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref29
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref29
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref29
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref30
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref30
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref30
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref31
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref31
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref31
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref31
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref32
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref32
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref32
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref32
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref33
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref33
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref33
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref34
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref34
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref34
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref35
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref35
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref35
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref36
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref36
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref36
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref37
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref37
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref37
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref38
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref38
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref38
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref39
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref39
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref39
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref40
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref40
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref40
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref41
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref41
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref41
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref42
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref42
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref42
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref42
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref43
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref43
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref43
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref44
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref44
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref44
http://refhub.elsevier.com/S2475-0379(24)00160-2/sref44
https://doi.org/10.1016/j.rpth.2024.102471

	Disease severity drives risk of venous thrombotic events in women with sickle cell disease in a single-center retrospective ...
	1. Introduction
	2. Methods
	2.1. Statistical analysis

	3. Results
	4. Discussion
	4.1. Strengths and limitations
	4.2. Conclusions and future directions

	Funding
	Author contributions
	Relationship Disclosure
	slink4

	References


