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Abstract

BACKGROUND: Sickle cell disease (SCD) is characterized by frequent, unpredictable pain 

episodes and other vaso-occlusive crises (VOCs) leading to significant healthcare utilization. VOC 

frequency is often an endpoint in clinical trials investigating novel therapies for this devastating 

disease.

PROCEDURE: The Consortium for the Advancement of Sickle Cell Research (CASiRe) is an 

international collaboration investigating clinical severity in SCD using a validated questionnaire 

and medical chart review standardized across four countries (United States, United Kingdom, Italy 

and Ghana).

RESULTS: This study, focused on pain crisis incidence and healthcare utilization, included 

868 patients, equally represented according to age and gender. HgbSS was the most common 

genotype. Patients from Ghana used the Emergency Room/Day Hospital for pain more frequently 

(annualized mean 2.01) than patients from other regions (annualized mean 1.56 U.S.;1.09 U.K.; 

0.02 Italy), while U.K. patients were hospitalized for pain more often (annualized mean: U.K. 

2.98) than patients in other regions (annualized mean 1.98 U.S.; 1.18 Ghana; Italy 0.54). 

Italy’s hospitalization rate for pain (annualized mean: 0.57) was nearly 20 times greater than 

its emergency room/day hospital only visits for pain (annualized mean: 0.03). When categorized 

by genotype and age, similar results were seen.

CONCLUSIONS: Geographic differences in pain crisis frequency and healthcare utilization 

may correlate with variable organization of healthcare systems among countries and should be 

considered regarding trial design, endpoints, and analysis of results when investigating novel 

agents for clinical benefit.
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Introduction

Sickle cell disease (SCD) is the most common monogenic disease in the world, with an 

incidence of over 400,000 new births per year and increasing numbers in high-income 

countries due to migration patterns. SCD affects over 100,000 people in the U.S.,1 and 

millions of people worldwide.2,3 The disease causes frequent, unpredictable, pain crises and 

other vaso-occlusive crises (VOCs), leading to significant health care utilization.3 Pain varies 

in terms of frequency, severity, and location4 and is directly correlated with mortality.5

Pain crises are the most common outward manifestation of SCD; the frequency of pain 

crises and other VOCs are often used as a primary study outcome in clinical trials.6 

Hydroxyurea obtained FDA approval based on improvement of annual VOC frequency, 

which was the primary endpoint in the Multicenter Study of Hydroxyurea.7 Recent 

investigations of Prasugrel,8 Crizanlizumab,9 and L-Glutamine10 also used VOC, including 

pain crises, as a primary endpoint of their studies. However, many sickle cell patients, 

particularly where sociocultural, familial or individual attitudes are involved, may suffer 

silently at home, creating a potential problem for clinical trial design and endpoints. These 
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issues can be magnified by healthcare system organization, home opioid use and other 

drivers of healthcare utilization for the treatment of pain.

The approach to pain crisis management varies from country to country and relates to 

differences in healthcare utilization, including the nature of home-based pain treatment and 

medication use, Emergency Room/Day Hospital (ER/DH) management or, in severe cases, 

admission for treatment with intravenous medications including opioids.11–13 While several 

clinical trials have used pain as a comparator of disease improvement, only the DOVE 

study14,15 reported on geographic differences in the management and severity of pain, noting 

that European patients had higher hospitalizations than those living in the Americas or 

Northern Africa. Sub-Saharan African sites had the least healthcare use of all the groups.14 

Furthermore, Kanter et al reported that patients in North American sites in the DOVE study 

described a higher pain intensity and greater use of opioids than patients from other sites 

did.15 However, these studies did not detail the rate of health care utilization per patient.

This study seeks to evaluate the patterns and frequency of healthcare utilization in a large, 

multi-institutional, international cohort of both pediatric and adult patients, and describe 

the geographic differences related to pain rate and healthcare utilization among individual 

countries around the world.

Methods

The Consortium for the Advancement of Sickle Cell Research (CASiRe) group is an 

international, multi-institutional collaboration studying the clinical severity of SCD in all 

ages on a global scale using a validated questionnaire and medical chart review standardized 

over three continents and four countries (U.S., Italy, Ghana, and the U.K.), as described in 

previous publications.16,17

All CASiRe sites were included in this analysis. Patients were enrolled between 2011–2017. 

After receiving IRB approval at each institution, informed consent and assent were obtained 

from the study subjects and the questionnaire was answered by the parent/legal guardian 

and/or the patient. Baseline and current laboratory studies were collected. In the United 

States, Ghana, and Naples, Italy site, a medical chart review and validated questionnaire 

were used to document the total number of pain episodes requiring an ER/DH visit and those 

requiring hospitalization during the previous 1 year. In the U.K. and Padua site, the same 

data was abstracted from a registry. The standard clinical criteria of diagnosis of SCD and 

report of pain were used.18

Data were analyzed separately for each country, evaluating the number of pain episodes 

and the pattern of healthcare utilization (see figure and Supplementary Table). Thus we 

investigated the SCD pain crisis and healthcare utilization patterns in all four countries in 

three geographic regions of the world (U.S., Europe [U.K. and Italy], and Africa [Ghana]). 

Secondary analysis by genotype and age was completed within each geographic region to 

assess pain crises per year requiring ER/DH visits (PC-ER/DH), hospitalizations (PC-Hosp), 

and pain crisis frequency and care utilization variability.
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Statistics

Descriptive statistical analysis, including mean, range, standard deviation, and percentages, 

was performed using SPSS 26.0 (IBM SPSS Statistics for Windows, Version 26.0). T-Test 

and one-way anova were utilized comparing the mean PC/year in Index Countries (e.g. 

Ghana) to all other regions combined (e.g. U.K., Italy and U.S.), by age groups (pediatrics 

vs adults), country, genotype, and categorized groups of annualized pain crises/year among 

all countries. Significance was set at p≤0.05.

Results

Demographics

This cohort included 868 patients in the study analysis. Demographic information is 

available in Table 1. Overall, there was a roughly equal number of children and adults 

(18 and over) as well as females and males. Patients with the HgbSS genotype represented 

the largest group, then HgbSC, and patients with HgbSβ0Thal and HgbSβ+Thal made up the 

remainder of the cohort. The geographic distribution of the cohort was as follows: 42.1% 

of patients were from Ghana sites, 28.1% from the U.S., 20.4% from the U.K., and 9.4% 

from Italy. Of the 868 patients enrolled in the study, 867 patients had information regarding 

disease-modifying therapy. Close to 25% of patients were on hydroxyurea, while nearly 

11% were on chronic transfusion therapy. Only 20 patients were on both chronic transfusion 

therapy and hydroxyurea. Complete disease-modifying therapy use by country is reported in 

Table 1.

Entire Cohort

For the whole population, the mean PC-ER/DH rate was 1.51 visits/year (standard deviation 

(SD) 2.88), and the mean PC-Hosp rate was 1.72 visits/year (SD 3.21). When patients were 

analyzed by age, children reported lower mean PC-ER/DH visits (0.93 visits/year; SD 0.74) 

but higher mean PC-Hosp visits (1.84 visits/year; SD 3.47) as compared to adult patients 

(PC-ER/DH 2.11 (SD 3.47); PC-Hosp 1.59 (SD 2.91)).

Genotype

The mean number of PC-ER/DH for patients with HgbSS/HgbSβ0Thal was 1.48 visits/year 

(SD 2.90; p=0.006) and 1.83 visits/year (SD 3.34; p=0.006) for PC-Hosp. For patients with 

HgbSC/Sβ+Thal, the mean number of PC-ER/DH was 1.61 visits/year (SD 2.81; p=0.142) 

and for PC-Hosp 0.93 visits/year (SD 2.65; p=0.142).

Geographic Region (Figure 1A)

In Ghana, patients reported a significantly higher mean number of PC-ER/DH visits and 

lower PC-Hosp rate than other countries. Patients in the U.K. noted a significantly higher 

rate of PC-Hosp and lower rate of PC-ER/DH of any group except Italy. U. S. patients 

described PC-ER/DH visits and PC-Hosp rates that were in between Ghana and the U. 

K. Italian patients related a significantly lower PC-ER/DH rate and PC-Hosp rate of any 

country.
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Genotype and Geographic Region

Ghanaian patients with HgbSS/HgbSβ0Thal (Figure 1B) had a significantly higher rate of 

PC-ER/DH and significantly lower PC-Hosp compared to the other groups. The U.K. and 

Italy patients had a significantly lower PC-ER/DH rate and higher PC-Hosp rate compared 

to the U.S. and Ghana. In patients with HgbSC/Sβ+Thal (Figure 1C), Ghanaian patients 

had a trend toward higher PC-ER/DH rate compared to the other groups, while the U.K. 

and Italy group had close to significant lower rates of PC-ER/DH compared to the other 

countries. PC-Hosp rate for HgbSC/Sβ+Thal patients was similar among all three countries.

Number of Crises (Supplemental Table 1)

Ghanaian patients had the highest ER/DH use compared to their European or American 

peers. Conversely, Italian patients had the lowest use, total and per person, of the ER/DH 

than any other country; in addition, 62% of patients from Italy had no admissions, and none 

had more than 5 admissions. The U.S. had the highest total number of patients requiring an 

admission; however, the U.K. had the highest number of patients with >5 admissions (18% 

vs. 0% in Italy, 8.7% in the U.S. and 4.4% for Ghana).

Age, Genotype, and Geographic Region

When patients were stratified regionally by age and genotype, ER/DH pain crisis visit 

rates varied significantly across countries for pediatric HgbSS/Sβ0Thal and HgbSC/Sβ+Thal 

patients (Figures 2A and B). Ghana reported higher PC-ER/DH rates in HgbSS/Sβ0Thal 

pediatrics patients (Figure 2A) than those from the US, U.K, and Italy. Hospitalization 

rates among the countries were also significantly different in children with HgbSS/Sβ0Thal 

(Figure 2A). The UK recorded the highest annualized mean for PC-Hosp, nearly twice the 

rate for the U.S, more than 2 times the rate for Ghana, and more than 5 times for Italy; 

however, in Italy the PC-Hosp rates were 20 times greater than the PC-ER/DH visits.

In pediatric subjects with HgbSC or Sβ+Thal, Ghanaian children reported the highest PC-

ER/DH rate when compared to the other groups (Figure 2B). There was no statistical 

difference in hospitalization frequencies (PC-Hosp) among the four countries within 

HgbSC /Sβ+Thal children (p=0.226, Figure 2B).

When evaluating adults with HgbSS/Sβ0Thal (Figures 2C and 2D), patients from Ghana 

and the U.S. reported more than twice the rate of PC-ER/DH episodes than the European 

countries with a difference not statistically significant. Hospitalization patterns across 

CaSiRe countries (Figure 2C) were highest in the UK for HgbSS/Sβ0Thal adults, which 

doubled the rates in Ghanaian and U.S. patients; Italy recorded the lowest annual PC-Hosp 

rates for HgbSS/Sβ0Thal adults. However, similar to their pediatric counterparts, Italian 

adult HgbSS/Sβ0Thal patients experienced PC-Hosp episodes greater than 10 times their 

PC-ER/DH rates. HgbSC/Sβ+Thal adults in Ghana and the U.S. experienced similar patterns 

of ER/DH and hospitalization rates (Figure 2D). There were not enough HgbSC/Sβ+Thal 

adults in the U.K. and Italy to include in the comparison (Figure 2D).
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Discussion

This is the first evaluation of geographic differences in pain crisis patterns in a large, cross-

sectional cohort study of nearly 900 pediatric and adult patients, allowing an evaluation of 

healthcare utilization practices related to pain crisis care among four countries and three 

continents across the lifespan. Our data suggest that Ghanaian patients more often treated 

their pain in an outpatient setting, whereas patients in the U.K. and Italy were more likely to 

be hospitalized for their pain, and patients in the U.S. had similar rates of ER/DH use and 

hospitalization, highlighting diversity in health resource utilization for the treatment of pain 

crises across countries. These geographic contrasts could result from regional differences 

in genotype and disease severity, variation in national healthcare system organization and 

infrastructure, economics and home medication availability within countries, and other 

cultural and social factors related to pain management.15,18

Several reports14,15,19 stemming from the DOVE study8 provided a glimpse of geographical 

differences in pain crisis patterns across continents. Inusa et al14 reported that 238 of the 341 

patients enrolled on the DOVE study had a pain episode, and that the percentage of VOC 

associated with hospitalization was highest in Europe (67.7%), followed by the Americas 

(46.5%) with the least (26%) being in Sub-Saharan Africa (SSA).14 Kanter et al15 noted 

that patients from the Americas and Europe reported a higher pain intensity and that opioid 

use was much higher in the Americas than in other regions.15 In addition, the availability 

of home opioid use may contribute to the rate, intensity and perception of pain, and could 

influence when patients may seek hospital-based care.15

In contrast to the DOVE study, our patient cohort consists of 868 pediatric and adult subjects 

compared to just 341 pediatric patients in the DOVE study, granting us the ability to report 

for the first time how pain is managed across all ages in three different geographic regions 

of the world. Moreover, the DOVE study did not report on individual patient rate of VOC, 

nor health care utilization for their VOC; only the percent of VOCs requiring admission 

was reported. Our study not only reports on individual patient’s VOC rate, but also their 

healthcare utilization for that VOC. In addition, data from individual countries was reported 

separately in our study, rather than grouped in geographic regions (Europe, SSA, Americas, 

etc), allowing a closer look at specific countries’ rates of healthcare utilization. In the US, 

the hospitalization and ER utilization rate was similar to each other compared to other 

countries. Ghana had the highest mean number of PC-ER/DH compared to other regions. 

However, the most striking contrast between hospital and ER utilization was found in the 

U.K. and Italy, where the hospitalization rate was at least twice the ER visit only rate; in 

Italy the management of pain crises exclusively in the ER is almost zero, favoring hospital 

admissions. Finally, our patient population represents a real world group of patients enrolled 

in the CASiRe study without selection bias toward VOC rate.

Previous research by this group demonstrated that significant differences in genotype and 

disease severity may potentially explain differences in healthcare utilization. The age of first 

pain crisis in the U.S. is much younger than it is in Ghana or Italy,20 potentially suggesting 

higher disease severity in the U.S. and/or increased awareness and knowledge of the disease. 

Indeed, over sixty percent of patients in the U.S. were on at least one disease modifying 
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therapy, which could also be a marker for higher disease severity. Moreover, unlike the 

U.S. and U.K., Italy and Ghana do not have newborn screening, leading to a higher age at 

diagnosis;20 in Italy, milder pain episodes could have gone unreported and a child might 

have accessed the ER without receiving a diagnosis of SCD even if pain was present.21 

Further, the high proportion of Sβ+Thal patients in Italy, approximately 21% of their SCD 

population,17 may influence the relatively low observed rates of PC-Hosp and PC-ER/DH 

in that group. However, both Italy and the U.K. independently reported double the rate of 

PC-Hosp compared to PC-ER/DH, leading to the consideration that there are other reasons 

for the disparity in healthcare utilization seen in these countries.

Healthcare system organization and availability of home medication for pain may also play 

a role in how a patient utilizes care (Table 2). In the U.K. and Italy, healthcare is a service 

that is provided free of charge for their residents; patients in those countries most likely 

benefit and frequently seek admission rather than treat at home or through the ER/DH. 

Home opioid use in Italy and the U.K. is tightly regulated22,23 and not routine in Italy.23 

In Ghana, while a national health insurance plan is available to all citizens, only 35% of 

people nationally, mostly in urban areas, participate in the program;24 the patient/parent 

would potentially be responsible for the cost of all therapy needed for their care, including 

admission to hospital.25 For Ghanaian SCD patients, limited access to adequate home 

pain medications, inadequate financial resources to pay for inpatient costs, and a lack of 

local general physicians who might be able to respond to the patients’ care needs may be 

contributing factors for the ER/DH as the primary site of pain management, resulting in 

lower observed hospitalizations. Worse, patients who present to the emergency room may 

be turned away from health facilities because there are no available beds.26 In the U.S., 

although most patients with SCD are covered by federal/state programs such as Medicaid 

and Medicare, our data suggest that, despite having a higher number of pain episodes per 

patient than any other group, U.S. patients often prefer to treat pain at home until it becomes 

unmanageable, potentially related to the routine availability, accessibility and acceptability 

of home opioids and other strong pain medications.15,27

Cultural and social aspects may also contribute to patients’ perception of their pain, 

particularly in Ghana, where tribal and familial traditions may affect healthcare beliefs with 

regard to access and utilization.18 While the majority of patients with SCD in Italy and the 

U.K. were born in their respective countries, their parents emigrated from other countries, 

particularly Ghana and Nigeria.17 Because emigres to Italy are relatively recent compared 

to the U.K. or U.S., it is possible that significant language barriers could prevent patients 

from seeking care or lead them to seek admission rather than outpatient therapy. In addition, 

ongoing systemic bias and racism with regard to healthcare treatment and outcomes may 

be a factor in the U.S.,28 the U.K.,29 and Italy, while stigmatization related to cost of care, 

blame, and public misconception of patients with SCD has been reported in Ghana.30

Limitations

There are several limitations to this study. This cross-sectional cohort study lacked a 

prospective arm, limiting any therapeutic differences among groups of patients. Although 

there could be a certain degree of recall bias related to patient reported data, a chart review 
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obtained data directly from patient charts rather than relying solely on the patient for 

information. Patient-specific factors, and not necessarily strict criteria, often determine the 

necessity for admission; patients who are admitted often may be more comfortable with that 

decision than those patients who are rarely hospitalized. It is also possible that pain crisis 

treatment protocols and guidelines have changed since the period of data collection. Disease 

severity and availability of disease-modifying therapy could lead to confounding results.

Conclusion

Our study, evaluating geographic differences in healthcare utilization patterns in the 

management of pain crises, suggests that treatment is influenced not only by where patients 

live and their cultural differences, but also by how their healthcare system is organized 

and the relative availability of medical resources. Because VOCs, including pain, are 

often the primary endpoints in clinical studies, it is critical to consider the geographic 

differences of VOC frequency and healthcare organization and utilization among countries 

when considering clinical trial design, inclusion criteria, and analysis of results, so that 

country by country and global analysis could be compared and shown together.
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Fig. 1. 
Mean pain episodes requiring ER/DH visit (blue) and hospitalizations (orange) by country: 

Ghana, US, UK, Italy: (A) Whole Group; (B) HgbSS/SBOThal; (For interpretation of the 

references to colour in this figure legend, the reader is referred to the web version of this 

article.)
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Fig. 2. 
Mean pain episodes requiring ER/DH Visit (blue) or hospitalizations (orange) comparing 

each country to the others, categorized by genotype and age. (For interpretation of the 

references to colour in this figure legend, the reader is referred to the web version of this 

article.)
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Table 1:

Demographics Across All CASIRE Sites

Age Group (N=868) N %

Pediatric (<18 y/o) 443 51

Adult (≥ 18 y/o) 425 49

Country (N=868)

US 245 28.1

Italy 81 9.4

UK 177 20.4

Ghana 365 42.1

Gender (N=868)

Female 448 51.6

Male 420 48.4

Genotype (N=868)

HgbSS or HgbSS with Alpha Thal Trait 656 75.6

HgbSC 162 18.7

HgbSBeta+ 28 3.2

HgbSBeta0 22 2.5

Disease Modifying therapies by Country*

Country Hydroxyurea (N=867) Country Chronic Blood Transfusion (N=867)

Yes No Yes No

N (%) N (%) N (%) N (%)

US (N=245) 108(44.1) 137(55.9) US 53(21.6) 192(78.4)

Italy(N=81) 18(22.2) 63(77.8) Italy 15(18.5) 66(81.5)

UK (N=176) 45(25.6) 131(74.4) UK 25(14.2) 151(85.8)

Ghana (N=365) 10(2.7) 355(97.3) Ghana 0(0) 365(100)

*
20 patients were on both hydroxyurea and chronic transfusion therapy
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Table 2:

Type of healthcare system organization and use of opioids by country

Parameter Country

Ghana24 US30 Italy31 U.K.32

Healthcare system 
organization

National System, not 
universal

Mixed public/private, 
not universal

Universal, public health 
system, state/region 
partnership, some private 
insurance

Universal, national 
health system

Number of citizens covered 35%, mostly in the city, 
65% uninsured

40% public, 50% 
private, 10% 
uninsured

100%, some have additional 
private insurance

100%, some have 
additional private 
insurance

Legally allowed opioid use at 
home

Yes33 Yes Yes23 Yes22

Common to use opioid at 
home

No34 Yes19 No23 Yes

Reason if No cost, availability NA custom NA

NA = not applicable
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