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Abstract

Background: Pain crises in sickle cell disease (SCD) lead to high rates of health care utilization. Historically,
women have reported higher pain burdens than men, with recent studies showing a temporal association between
pain crisis and menstruation. However, health care utilization patterns of SCD women with menstruation-
associated pain crises have not been reported. We studied the frequency, severity, and health care utilization of
menstruation-associated pain crises in SCD women.
Materials and Methods: A multinational, cross-sectional cohort study of the SCD phenotype was executed
using a validated questionnaire and medical chart review from the Consortium for the Advancement of
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Sickle Cell Research (CASiRe) cohort. Total number of pain crises, emergency room/day hospital visits,
and hospitalizations were collected from a subcohort of 178 SCD women within the past 6 months and
previous year.
Results: Thirty-nine percent of women reported menstruation-associated pain crises in their lifetime. These
women were significantly more likely to be hospitalized compared with those who did not (mean 1.70 vs. 0.67,
p = 0.0005). Women reporting menstruation-associated pain crises in the past 6 months also experienced
increased hospitalizations compared with those who did not (mean 1.71 vs. 0.75, p = 0.0016). Forty percent of
women reported at least four menstruation-associated pain crises in the past 6 months.
Conclusions: Nearly 40% of SCD women have menstruation-associated pain crises. Menstruation-associated
pain crises are associated with high pain burden and increased rates of hospitalization. Strategies are needed to
address health care disparities within gynecologic care in SCD.
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Introduction

S ickle cell disease (SCD) is one of the most common
genetic conditions worldwide with more than 300,000

births yearly.1 It is characterized by vaso-occlusion, prema-
ture red cell destruction, vascular injury, and progressive
organ damage.1 Recurrent acute painful crises are a hallmark
of SCD and are associated with disease severity, increased
hospitalizations, and increased mortality.2,3 Women with
SCD have higher rates of acute vaso-occlusive pain than
men, particularly within their reproductive years;4,5 in addi-
tion, they are at increased risk for pain associated with
their menstrual cycles.6–8 Reported data suggest that,
around menstruation, 28%–36% of SCD women suffer from
menstruation-associated pain crises, which are distinct from
menstrual cramps.6,8 In addition, 49% of adolescents with
SCD report pain 1 week before their menstrual cycle and 54%
report dysmenorrhea.9

Despite several studies exploring the temporal relationship
between vaso-occlusive pain and menstruation, little data
exist on its frequency, severity, and health care utilization
patterns associated with menstruation and sickle cell pain.
In addition, studies have not included women from sub-
Saharan Africa, which has the greatest SCD prevalence
worldwide. Within the international Consortium for the
Advancement of Sickle Cell Research (CASiRe) cohort, we
aimed to determine the frequency, severity, and impact on
health care utilization patterns of menstruation-associated
pain crises. An improved understanding of the understudied
SCD-related complications will provide needed guidance in
the management of women with SCD.

Materials and Methods

The CASiRe group is an international multi-institutional
collaboration with sites in the United States, Europe, and
Africa, studying the clinical severity of SCD in 877 pa-
tients of all ages on a global scale using a validated
questionnaire and medical chart review, standardized over
three continents and four countries (the United States,
Italy, Ghana, and the United Kingdom), as described
previously.10,11 This cross-sectional, multisite cohort sub-
study was institutional review board (IRB) approved at six
CASiRe sites (four in the United States and two in Ghana).
This substudy was added after CASiRe was established so

we were unable to consent some patients from Europe
(Napoli); other sites from Europe were not included in this
study due to registry abstraction of data in the United
Kingdom and Italy (Padova).

After receiving IRB approval at each institution, in-
formed consent and assent were obtained from the study
subjects, and the questionnaire was answered by the par-
ent/legal guardian of the patient or by the patient herself.
Females who had undergone menarche were asked if pain
crises were associated with their menstrual cycle any time
during their lifetime and within the past 6 months. Base-
line and current laboratory data were collected. Medical
chart review confirmed the total number of reported pain
episodes during the previous year (whether or not these
episodes were managed in a health care facility), the
number of pain episodes requiring emergency room (ER)/
day hospital (DH)/clinic visits in the past year, and the
total number requiring hospital admission in the past year.
We also recorded the subjective severity of pain during
their menstruation-associated pain crises in a subset of
patients. Information on other clinical complications as-
sociated with SCD was also extracted from the medical
records. In Ghana, this involved a review of paper charts,
while in the United States, review of electronic medical
records was performed.

Statistics

Categorical variables are summarized by counts and per-
centages, whereas continuous variables are presented as
mean – standard deviation (SD). Categorical data were
compared by chi-square or Fisher’s exact test, and continuous
data were compared by independent t-test. p-Values <0.05
were considered significant. Two-sided p-values were used.
All statistical analyses were performed in SAS 9.4 (SAS
Institute, Cary, NC, USA).

Results

Demographics

A total of 178 female participants who had attained menar-
che were enrolled (Table 1), 154 (86.5%) from Ghana and 24
(13.5%) from the United States. The mean age was
30.16 – 12.49 years and did not differ based on whether they
reported menstruation-associated pain crises. Three quarters of
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the participants (135/178; 75.8%) had HbSS genotype, 22.5%
had HbSC, and 1.7% had HbSb+-thalassemia. Only 11 (6.2%)
women were on hydroxyurea and 4 (2.2%) on chronic blood
transfusions, all of whom were from the United States. Sixteen
(8.9%) women reported using some form of contraception. Of
these, 13 women answered the type of contraception: 6 oral
contraceptives, 4 injectable hormones, 2 intrauterine devices, 1
implantable device. Annually, the mean number of total pain
crises was 4.80 – 11.23 SD, the mean number of pain crises
requiring an ER visit was 2.07 – 2.91 SD, and the mean number
of pain crises resulting in hospitalization was 1.07 – 1.93 SD.
Forty percent of women with HbSS and 32.5% of women with
HbSC experienced menstruation-associated pain crises some-
time during their lifetime.

Pain crisis frequency and health care utilization
in the past year: Comparison of SCD women
with menstruation-associated pain crisis in their
lifetime versus SCD women without
menstruation-associated pain crisis in their lifetime

Seventy (39.3%) participants reported that their menstrual
flow triggered pain crises in their lifetime (40% in Ghana and
37% in the United States) (Table 1). There was no significant
difference in the mean number of pain crises per year in
participants who experienced menstruation-associated pain
crises in their lifetime compared with those who did not
(Fig. 1). Over the previous year, there was an increased
number of pain episodes requiring ER/DH/clinic visits in
those with menstruation-associated pain episodes (mean –
SD: 2.57 – 3.70 vs.1.75 – 2.21), although this was not statis-
tically significant ( p = 0.0656) (Fig. 1A). However, women
with a history of menstruation-associated pain were signifi-
cantly more likely to be hospitalized (mean – SD: 1.70 – 2.53
vs. 0.67 – 1.26, p = 0.0005) (Fig. 1A). Stratified analysis
by country (the United States and Ghana) shows similar
increases in hospitalization in women with menstruation-
associated pain crises (Supplementary Table S1a, b).

Pain crisis frequency and health care utilization
in the past year: Comparison of SCD women
with menstruation-associated pain crisis in the past
6 months versus SCD women without
menstruation-associated pain crisis in the past
6 months

Menstruation-associated pain crises within the past
6 months were recorded in 86% (n = 60) of participants who
reported menstruation-associated pain crises in their life-
time (n = 70) (Fig. 1B). A history of menstruation-associated
pain crises in the past 6 months was associated with increa-
sed hospitalization visits for pain (mean – SD: 1.71 – 2.66
vs. 0.75 – 1.32, p = 0.0016) and a trend toward higher
ER/DH/clinic utilization (mean – SD: 2.52 – 3.94 vs. 1.85 –
2.19, p = 0.147) (Fig. 1B). The total number of pain crises
per year was not significantly different between the two
groups (mean – SD: 3.55 – 4.39 vs. 5.45 – 13.49, p = 0.307)
(Fig. 1B).

Frequency of menstruation-associated pain crises
in the past 6 months

The total number of menstruation-associated pain crises
was recorded in the past 6 months within the cohort of women
who reported these symptoms (Table 2). Eight women from
the United States and 52 from Ghana reported increased pain
frequency during menses within the past 6 months. Forty
percent (n = 24) of women reported four or more and 55%
(n = 33) reported three or more menstruation-associated pain
crises (Table 2). The remaining 45% of women reported one
to two episodes of pain crises in the past 6 months (n = 27).

Severity of menstruation-associated pain crises

A self-report of severity of pain crises (mild, moderate,
severe) was recorded from 80% (n = 56) of the participants
with menstruation-associated pain crises (Supplementary
Fig. S1). This study did not include a validated tool for pain
severity. Four women responded from the United States and

Table 1. Demographics and Clinical History

Total (N = 178)

n %

Country
Ghana 154 86.52
The United States 24 13.48

Gender
Female 178 100

Age (years),
mean – SD
and range

30.16 – 12.49 14.50–69.20

Genotype
SS 135 75.8
SC 40 22.5
SBetaPlus Thal 3 1.7

Medical history
Hydroxyurea 11 6.18
Chronic blood

transfusion
4 2.25

Contraception 16 8.99

Health care
utilization for
pain crisis

Mean – SD Range

Total number
PC/year

4.80 – 11.23 0–120

Total ER/DH
PC/year

2.07 – 2.91 0–20

Total Hosp
PC/year

1.07 + 1.93 0–15

Menstruation-
associated pain
crises in lifetime

Yes, n (%) No, n (%) p Value

All patients
(N = 178)

70 (39) 108 (61)

Ghana (n = 154) 61 (40) 93 (60) 0.516
The United States

(n = 24)
9 (37) 15 (63)

Age (years),
mean – SD

29.94 – 11.59 30.30 – 13.09 0.923

Genotype
SS 55 (40.7) 80 (59.3) 0.643
SC 13 (32.5) 27 (67.5) 0.316
SBeta Plus Thal 2 (66.7) 1 (33.3) 0.328

DH, day hospital; ER, emergency room; Hosp, hospitalizations;
PC, pain crisis; SBeta Plus Thal, sickle beta plus thalassemia; SD,
standard deviation.
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52 from Ghana. Thirty-six percent (n = 20) of women rep-
orted moderate-to-severe levels of pain, whereas 64%
reported a mild level of pain.

Contraception and menstruation-associated
pain crises

A subanalysis of women on contraception was per-
formed. Eight of the 16 women who were on contraception
reported experiencing menstruation-associated pain crises
in their lifetime. Severity of menstruation-associated pain
crises was recorded in 7 of the 8 women on contraception:
none reported severe, 28.6% (n = 2) reported moderate, and
71.4% (n = 5) reported mild levels of pain. Of those not on
contraception (n = 49), 6.1% (n = 3) reported severe, 63.3%
(n = 31) reported moderate, and 30.6% (n = 15) reported
mild levels of pain. However, women taking contraception
revealed no significant difference in menstruation-
associated pain crises frequency and health care utilization
patterns compared with those not on contraceptives (Sup-
plementary Table S2).

Discussion

Using a unique international cohort of women with SCD
from different geographic and cultural backgrounds, our
study aimed to provide a better understanding of the fre-
quency and severity of menstruation-associated pain crises
and the resultant impact on health care utilization. Our
findings showed that nearly 40% of women in the United
States and Ghana who had undergone menarche have
increased pain burden demonstrated by higher hospital uti-
lization for pain crises management, with more than one third
reporting moderate-to-severe levels of vaso-occlusive pain
during menses. When stratified by country, Ghanaian and
American women with SCD reported similar frequencies of
menstruation-associated pain crises at 40% and 37%, res-
pectively. This is consistent with Sharma and colleagues’
report of roughly 30% of women with SCD (n = 221) tem-
porally associating vaso-occlusive pain episodes with their
menstrual cycle in the United States5 and Yoong and Tuck’s

study reporting 37% (n = 42) of U.S. women with SCD
experiencing painful crises with each menses.7

Data on health care utilization practices in menstruating
women with SCD are lacking. Previous studies did not
include health care utilization among women with SCD
experiencing pain during their menses.5,12 Pain crises req-
uiring hospitalization were two times higher in women who
experienced pain crises with menses during their lifetime
compared with those who did not within our CASiRe cohort.
When stratified by country, the increased hospitalization rate
among SCD women experiencing menstruation associated
pain crisis remains. A similar study in SCD women found that
21% had at least three cyclical crises documented in a 6-
-month period.7 Comparatively, 58% of our study population
reported at least three cyclical pain crises within 6 months.

The quality and characteristics of SCD pain associated
with menses are well described in a qualitative study by Day
et al. as well as in a descriptive study by Sharma et al.6,8

Women with SCD were able to distinguish their acute vaso-
occlusive (VOC) pain from menstrual pain, describing VOC
as sharp pain in their bones compared with a muscular,
throbbing, tingly pain experienced during menstruation.6,8

The study by Sharma et al. also revealed that pain crises may
present up to 7 days before the onset of menses.8 Further-
more, only 40% of the 43 women reporting cyclical pain
crises met the clinical criteria for dysmenorrhea in Sharma
et al.’s report.8

This is supported by Khachikyan et al.’s study showing
that nearly 50% of SCD adolescent females reported pain 1
week before their menses.9 More than one third of our SCD
women experiencing menstruation-associated pain crises
reported moderate-to-severe levels of pain. This group of
patients may represent a subphenotype of pain severity given
the increased hospitalizations and pain frequency reported in
our cohort and supported by the aforementioned studies.6,8

Unfortunately, despite the distinguishing characteristics of
menstruation-associated pain crises described by women
with SCD, many caregivers and clinicians have not modified
their treatment protocols accordingly or in an individualized
manner.6

‰

FIG. 1. (A) Pain crises patterns in the past year in patients with or without a history of menstruation-associated pain crises
in their lifetime. The box plots represent the interquartile range and error bars (SEM) with mean, median, and outliers of the
number of pain crises in the past year for each of the three categories displayed (total number of pain crisis in the past year,
number of pain crisis requiring ER visits in the past year, and number of pain crisis requiring hospitalizations in the past
year). Blue box plots represent the total number of pain crises in the past year, red box plots represent the number of pain
crises requiring ER visits in the past year, and green box plots represent the number of pain crisis requiring hospitalizations
in the past year. The open circle within the box plots and error bars is the mean. The horizontal line within the box plots
represents the median. Outliers are represented by the smaller open circles beyond the box plots and error bars. p-Values
represent comparisons (t-test) of the mean number of pain crisis in the past year (within the three categories) between
women who experienced menstruation-associated pain crisis in their lifetime versus those do who did not. ER visits
included DH/clinic visits for pain management where pain medications were administered. (B) Pain crises patterns in the
past year in patients with or without a history of menstruation-associated pain crises within the past 6 months. The box plots
represent the interquartile range and error bars with mean, median, and outliers of the number of pain crises in the past year
for each of the three categories displayed (total number of pain crisis in the past year, number of pain crisis requiring ER
visits in the past year, and number of pain crisis requiring hospitalizations in the past year). Blue box plots represent the total
number of pain crises in the past year, red box plots represent the number of pain crises requiring ER visits in the past year,
and green box plots represent the number of pain crisis requiring hospitalizations in the past year. The open circle within the
box plots and error bars is the mean. The horizontal line within the box plots represents the median. Outliers are represented
by smaller open circles beyond the box plots and error bars. p-Values represent comparisons (t-test) of the mean number of
pain crises in the past year (within the three categories) between women who experienced menstruation-associated pain
crisis within the past 6 months versus those do who did not. ER visits included DH/clinic visits for pain management where
pain medications were administered. DH, day hospital; ER, emergency room; SEM, standard error of the mean.
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Health care providers’ poor understanding and lack of
knowledge of the different types of pain that can occur in
women with SCD lead to a further widening of the health care
disparities that already exist within SCD reproductive and
gynecologic health.6 Previous studies report women being
underappreciated when discussing menstruation-associated
pain, compounding the pre-existing lack of compassionate
care and poor access to appropriate pain management

for non-menstruation VOC pain episodes in the ER or other
acute care settings.6,13 Despite initiatives to address the glo-
bal inequities in the management and treatment of SCD,
efforts to prioritize women’s health issues in this setting are
lacking.8,13 In a review by Smith-Whitley, the paucity of
large well-designed clinical trials and reliance on relatively
old studies in an era of medical advancement for SCD have
contributed to this disparity.13
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Effective treatment options remain a challenge globally
for SCD women with gynecologic issues, including
menstruation-associated pain, especially in sub-Saharan Africa.
Across the world, significant gaps in care exist relating to
reproductive health for women with SCD.14 No evidence-
based guidelines exist to guide the management of
menstruation-associated pain in SCD. There is a lack of
data available on the risks and benefits of various con-
traceptive methods, factors that influence contraceptive
choice, and short- and long-term impact on health and
quality of life. Schichor initially reported that hormonal
contraception may be effective in decreasing pain crises in
women with SCD. Treatment with medroxyprogesterone
acetate led to significantly less pain crises compared with
placebo in 23 SCD women during a 2-year controlled
crossover trial.12

Another study of 43 women reporting at least one pain
crises per month who were placed on 1 year of contraception
with either trimonthly depot-medroxyprogesterone acetate
(DMPA) or once monthly microgynon found that 70% of
patients were pain free on the DMPA treatment arm, while
patients on microgynon reported fewer pain crises at a lower
rate.15 Our study reported that just 16 of the 70 women with a
history of menstruation-associated pain crises were on some
form of contraception, all of them from the United States,
highlighting the challenges with overall access to mitigating
strategies for women experiencing cyclical pain as well as
disparities between high-income and low/middle-income
countries. Similarly, one study found that 18.8% of women
with SCD reported using oral contraceptives.16 Women
with SCD also report a low use of long-acting reversible
contraception (22%) and demonstrate low knowledge of the
efficacy of hormonal contraceptive options;17 in addition,
73% report that SCD did not inform their choice of birth
control.17

Furthermore, women with SCD have twice the odds of
venous thromboembolism compared with men with SCD;18

this risk must be weighed when considering hormonal con-
traception choices. Lack of needed public health attention in
women with SCD has led to a paucity of reproductive health
services globally including oral contraceptives as an option,
especially in women living in Ghana.19,20 In addition,
socioeconomic factors, education status, religious, and cul-
tural beliefs may impact availability and acceptance of
reproductive options and treatments for women in Ghana
living with SCD.20 The high percentage (40%) of Ghanaian
SCD women reporting cyclical pain crises in our study
underlies the additional burden of pain they experience in

our cohort. Ghanaian women with menstruation-associated
pain crises were hospitalized significantly more times than
their case–controls of similar age.

Access to disease-modifying therapies remains a challenge
for SCD patients in Ghana including available blood trans-
fusions and hydroxyurea likely leading to the higher com-
bined ER visits and hospitalizations than their case–control
cohort from the United States (Supplementary Table S1a, b).
Intervening earlier with disease-modifying therapies such
as hydroxyurea is a strategy for prevention in SCD patients
in high-income countries. Hydroxyurea was given earlier to
U.S. children who experienced earlier pain crises in a pre-
viously published study by our CASiRe cohort.11 Recent
studies in some sub-Saharan African countries and other
lower-middle income countries have shown efficacy in reduc-
ing sickle cell complications with hydroxyurea.21–23

Unfortunately, these treatment options remain inaccessi-
ble for many SCD patients living in Ghana and many other
African countries where the disease burden remains the
highest. Strunk et al. revealed that the main contributor to
disparities in health care utilization was the lack of financial
resources, lack of local health care providers, and poor access
to appropriate pain medication including opioids leading to a
higher rate of DH/ER visits compared with the United States
within the CASiRe cohort study.24 Thus, Ghanaian SCD
women experiencing menstruation-associated pain crises
experience additional health care barriers including access
to these disease-modifying treatments. Development of SCD-
specific therapies as well as treatment specific to manag-
ing menstruation are needed desperately to control the pain
crisis before the onset or during menstruation.

This study had several limitations. First, most of our study
population was from Ghana, with only a handful of women
with SCD in the United States represented due to the fact that
this was a secondary analysis of the larger CASiRe study.
This limits the generalizability of our findings; however,
when data were stratified by country, similarities in pain
frequency and increased health care utilization were seen.
Second, the indications for contraceptive use were not ass-
essed, and we cannot ascertain whether patients were placed
on contraception for pregnancy prevention or for managing
menstruation-associated pain. We also did not use a validated
tool for the recorded severity of menstruation-associated pain
crisis from each subject. Finally, we did not further explore
the impact of menstruation-associated pain crises on daily
functioning and health-related quality of life, which will be
the focus of a future prospective study.

In conclusion, we found that menstruation-associated pain
crises occurred in more than one third of U.S. and Ghanaian
women with SCD with a significant increase in hospitaliza-
tions in those who experienced menstruation-associated
pain. This has major implications for provision of appropri-
ate gynecologic care for women with SCD and underscores
the extreme importance of improving access to effective
treatment options including contraceptives and disease-
modifying therapies.
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