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I N TRODUC TION

Sickle cell disease (SCD), characterized by beta-globin chain 
point mutation,1 has seen 41.40% increase in global preva-
lence, from 5.46 million to 7.74 million between 2000 and 
2021.2 India's contribution to global SCD burden is 16%,3 
primarily driven by central belt (Gujarat to Odisha) and 

pockets in Assam, West Bengal, Tamil Nadu, Kerala and 
Karnataka.4 The Indian SCD phenotype, characterized by 
Arab–Indian haplotype, is believed to be milder than in 
the African population.5,6 However, a central Indian study 
showed high complication rates and mortality in newborns,7 
indicating clinical and geographical variations in Indian 
phenotype, necessitating further investigation.
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Summary
Sickle cell disease (SCD) with vaso-occlusive pain crisis (VOC) significantly impacts 
patient well-being and often results in extensive healthcare resource utilization. This 
study assessed the VOC burden, its management and its impact on patients' quality of 
life (QoL). A cross-sectional observational study was conducted between November 
2021 and June 2022, including 1000 SCD patients from high-prevalence states in 
India. Data on demographics, clinical characteristics, VOC severity, management 
and QoL were collected. The study revealed that 33.5% of patients reported at least 
one VOC episode during the study period. In the year prior to their enrolment, 836 
(83.60%) patients reported at least one VOC episode, with an equal proportion of 
407/487 (83.6%) adults and 429/513 (83.6%) paediatric patients, reducing their QoL 
across all domains compared to patients without VOC. Of these, 469/1000 patients 
(46.9%) experienced ≥3 VOC episodes. Additionally, 764/1000 (76.40%) patients 
managed their VOCs at healthcare facilities, with 501/1000 (50.1%) requiring inpa-
tient admissions. Further, 71.80% of patients received Hydroxyurea (HU) therapy. 
The study depicts the severity of the Arab–Indian haplotype in Indian SCD patients 
visiting healthcare settings based on high VOC burden. This highlights the urgent 
need for better management strategies and resource allocation for these patients.
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Vaso-occlusive pain crisis (VOC) is a hallmark mani-
festation of SCD,8 with limited nationwide epidemiological 
studies. Understanding its burden is vital due to its impact 
on mortality, complications, quality of life (QoL) and health-
care resource utilization. Single-centre studies in India have 
reported 30–80% VOC frequency and hospitalization rates of 
35–70%.7,9–14 Hydroxyurea (HU) is the standard of care and 
primary disease-modifying therapy for SCD and VOC.15–17 
However, the impact of VOC on QoL, its economic burden, 
its overall management pattern and challenges in Indian 
SCD patients remain unexplored.

Available studies from India are inadequate for accurately 
reflecting the epidemiology of VOC in various healthcare set-
tings and different access to resources. Also, they employed 
varied methodologies and sampling designs. It is challenging 
to estimate the VOC burden and its impact at the national 
level. A multicentre, nationwide study (B-VOCAL SCD) was 
planned as an initial study to bring various regional centres 
together and collect data. The B-VOCAL study primarily 
aimed to estimate the VOC prevalence among SCD patients 
visiting healthcare facilities. Secondarily, the study included 
the assessment of the burden of complicated and uncompli-
cated VOCs determined by organ involvement; frequency of 
severe VOCs assessed by specific tools; burden of home- and 
healthcare-managed VOCs in the year prior to enrolment; 
pattern of HU use and SCD management; impact of VOC 
on QoL, estimate its economic burden and enhance clinical 
care and healthcare resource allocation among SCD patients 
visiting healthcare facilities. The current article focuses on 
the assessment of VOC burden, management and pattern of 
HU use and impact of VOCs on QoL of Indian SCD patients.

M ETHODS

Study design

This multicentric, cross-sectional observational study 
conducted in India was registered in the Clinical Trials 
Registry of India (https://​ctri.​nic.​in/​Clini​caltr​ials/​login.​
php; #CTRI/2021/10/037430). To address generalizability, 
a consecutive sampling strategy for patient recruitment 
and purposive sampling for centre selection were employed 
(Figure S1). Based on the geographical disease burden, pur-
posive sampling was used to select 14 centres from SCD-
prevalent Indian states and Union Territories (Figure S2).

The feasibility of the study assessed, overall SCD care 
and burden at centres in India, which revealed limited cen-
tres with dedicated SCD clinics. SCD patients are treated 
along with patients with other disease conditions in various 
healthcare settings, including government tertiary hospitals 
(n = 6), private tertiary hospitals (n = 4), Non-Governmental 
Organization-operated hospitals (n = 2), healthcare setups 
(HCS) funded by the government (n = 1), and HCS subsidized 
by the government (n = 1). Based on feasibility parameters 
and ethics committee timelines, we chose consecutive sam-
pling to enroll 1000 patients and obtained consent quickly.

The study design was adopted to include all healthcare vis-
its by SCD patients from the first patient's index visit to 1000th 
patient's index visit, from November 24th, 2021, to June 28th, 
2022 (7-month – study period). The cross-sectional study de-
sign was consciously chosen, to capture a ‘snapshot’ of all the 
VOC episodes in the 14 healthcare facilities in the defined 
study period. At index visits, the data of all study variables 
were captured, and at subsequent visits, the available hospital-
ization- and VOC-related data were captured (Figure 1).

Additionally, we retrospectively collected data on the VOC 
burden from the year prior to each patient's enrolment which 
allowed us to include historical data on healthcare resource 
utilization and home management of VOC in a defined time 
period for all the patients. This strategy ensured a comprehen-
sive view of VOC occurrences within the study cohort. The 
study was conducted in accordance with the ethical princi-
ples of Declaration of Helsinki18 and International Council for 
Harmonization Good Clinical Practice guidelines.19

Participants

Adult and paediatric patients with an established SCD diagno-
sis at least 12 months before the index visit of the patient with 
any genotype (N = 1000) at various healthcare centres in high 
SCD-prevalent states across India were included. Patients re-
ceiving crizanlizumab or any other investigational product for 
managing VOC during the previous 12 months from the day of 
study enrolment were excluded. Written informed consent was 
obtained from all study participants.

Objectives and endpoints

We evaluated two primary endpoints in the study period: the 
proportion of SCD patients with at least one VOC episode 
out of the total study sample and the total number of VOC 
episodes leading to healthcare visits, to the total number of 
healthcare visits by all the patients. The secondary endpoints 
include the severity of VOCs (using the Numeric Pain Rating 
Scale for individuals ≥7 years of age and the Faces Pain Scale 
for children aged 3–7 years) and the proportion of patients 
with complicated and uncomplicated VOCs. The study also 
evaluated the proportion of patients with at least one VOC 
episode and the total number of VOCs leading to health-
care visits (healthcare utilization) and managed at home in 
the year prior to enrolment. Other secondary endpoints in-
cluded the treatment strategies of VOCs and SCD including 
the pattern of HU use. This study also evaluates the impact 
of VOC and SCD on quality of life.

Data collection and study assessment

The study used primary data and reinforced secondary data 
from patient records as the predominant methodology for 
data collection. A structured electronic case record form was 

https://ctri.nic.in/Clinicaltrials/login.php
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used for data collection for study variables. Validated ques-
tionnaires were used to assess pain severity (numerical pain 
rating scale for all patients aged >7 years and FACES pain 
scale for patients aged 3–7 years with pain scores of 0–1020) 
and QoL domains (ASCQ-Me questionnaire for adult pa-
tients,21 SCD-specific QoL questionnaire developed by Patel 
and Pathan for paediatric patients22 and EQ-5D-5L ques-
tionnaire23,24). Also, VOC-associated pain in SCD patients 
was classified into two categories: complicated, if it involved 
organ damage, and uncomplicated if it occurred without 
organ involvement and was not attributed to any other medi-
cal condition.

Statistical analysis

This was a descriptive study, with the primary endpoint being 
the proportion of SCD patients with at least one VOC. The data 
were screened for normality of distribution using the Shapiro–
Wilk test.25 Normally distributed variables were summarized 
using mean ± standard deviation (SD), non-normally distrib-
uted variables were presented as median (IQR) and categorical 
variables were presented as frequency (%). The comparison of 
subgroups among adult and paediatric SCD patients with and 
without VOCs used inferential statistics at a 5% significance 

level. All data analyses were performed using RStudio Version 
1.4.1106 (USA).

R E SU LTS

Demographics and clinical characteristics

The study included 1000 SCD patients, with 487 (48.70%) 
adults (≥18 years), and 513 (51.30%) paediatric patients 
(2–17 years). The demographic and clinical characteris-
tics, laboratory investigations and organ complications 
among the study population are detailed in Table  1 and 
Tables S1 and S2.

Prevalence and severity of VOC among SCD 
patients

During the study period (November 2021–June 2022), 
335/1000 (33.50%) patients reported at least one episode of 
VOC which comprised the primary endpoint of this study. 
Additionally, 364 out of 1100 healthcare visits (33.09%) by 
the patients were due to VOCs, which was the co-primary 
endpoint of this study. At index visits, 297/1000 (29.7%) 

F I G U R E  1   Patient recruitment strategy. (A) Shows one out of three patients with VOC. During the study period, different SCD patients 1 (A), 2 
(B), and 3 (C) up to 1000 visited the hospital for various reasons like VOC, routine follow-up and blood transfusion. All the patients visiting the hospital 
who provided the informed consent were screened for eligibility criteria and assigned a unique identification number. All variables pertaining to the 
study were captured on the first (index) visit. (B) Shows one patient with VOC at the index visit* who experienced another VOC at the third hospital 
visit. During the study period between the index visit of the 1st patient and the index visit of the 1000th patient, the same patient (e.g. patient A in the 
figure) might have visited the hospital multiple times for various reasons (i.e. VOC, follow-up, blood transfusion). For such patients, on the index visit, a 
unique identification number was assigned post-screening for eligibility, and all the variables pertaining to the study were captured. During the patient's 
subsequent visits to the hospital, limited data pertaining to the reason for a hospital visit, such as VOC, its severity, category (complicated/uncomplicated) 
and organ involved, were documented during the study period. (C) Flow diagram for the disposition of 1000 patients with SCD for the study period 
between the 1st patient's index visit: Nov 24, 2021, and the 1000th patient index visit: June 28, 2022.*Index Visit: The patient's visit to the study site where 
the patient provides informed consent and all the data about the study are captured for the first time.
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T A B L E  1   Demographic and clinical characteristics of patients with SCD.

Overall N = 1000 Adult patients n = 487 Paediatric patients n = 513

Age (years, median [IQR]) 17 (17) 27 (14) 10 (6)

Age-wise categorizationa; n (%)

Early childhood and preschoolers (2–5 years) 80 (8) - -

School-age children (6–11 years) 218 (21.8) - -

Adolescents (12–17 years) 215 (21.5) - -

Young-age adults (18–30 years) 292 (29.2) - -

Middle-aged adults (31–45 years) 145 (14.5) - -

Old-age adults (46–64 years) 48 (4.8) - -

Elderly (≥65 years) 2 (0.2) - -

Gender; n (%)

Male 567 (56.7) 251 (51.54) 316 (61.6)

Female 433 (43.3) 236 (48.46) 197 (38.4)

Body weight; kg

Median (IQR) 39.95 (27) 50 (11.1) 24 (14.2)

Domicile; n (%)

Rural 680 (68) 322 (66.12) 358 (69.79)

Urban 260 (26) 134 (27.52) 126 (24.56)

Suburban 60 (6) 31 (6.37) 29 (5.65)

Annual household income; INRb

Mean ± SD 186 915.92 ± 213 532.41 160 229.92 ± 121 993.54 200 481.64 ± 246 391.42

Median (IQR) 135 500 (110 000) 120 000 (11 600) 144 000 (110 000)

Mode of payment; n (%)

Insurance 310 (31) 64 (19.1) 246 (36.99)

Self-pay 424 (42.40) 126 (37.61) 298 (44.81)

BPL (availing free/subsidized healthcare services under 
Rashtriya Swasthya Bima Yojana)

266 (26.60) 145 (43.28) 121 (18.20)

Type of healthcare facility; n (%)

Government tertiary 362 (36.20) 175 (35.93) 187 (36.45)

Private tertiary 223 (22.30) 161 (33.06) 62 (12.09)

NGO operated 153 (15.30) 71 (14.58) 82 (15.98)

Healthcare facilities funded by the government 115 (11.50) 26 (5.34) 89 (17.35)

Healthcare facilities subsidized by the government 147 (14.7) 54 (11.09) 93 (18.13)

Type of visit to healthcare setting; n (%)

OPD 805 (80.50) 403 (82.75) 402 (78.36)

IPD 181 (18.10) 77 (15.81) 104 (20.27)

ED 14 (1.40) 7 (1.44) 7 (1.36)

Genotype documented in total SCD patients; n (%) 854 (85.40) 397 (81.52) 457 (89.08)

Genotypes

HbSS 767 (89.81) 352 (88.66) 415 (90.81)

HbS ß-thalassemia 76 (8.90) 42 (10.58) 34 (7.44)

HbSC 3 (0.35) 1 (0.25) 2 (0.44)

Other genotypesc 8 (0.94) 2 (0.50) 6 (1.31)

Age at the time of SCD diagnosis

Median (IQR) 5 (10) 11 (15) 3 (4.92)

Age range; n (%)

<1 year 106 (10.60) 17 (3.49) 89 (17.35)

1–2 years 188 (18.80) 54 (11.09) 134 (26.12)

3–5 years 218 (21.80) 75 (15.40) 143 (27.88)

6–10 years 212 (21.20) 95 (19.51) 117 (22.81)

>10 years 276 (27.60) 246 (50.51) 30 (5.85)
(Continues)
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patients experienced uncomplicated VOCs. Out of these, 
acute pain was reported in 249/297 (83.84%) patients, and 
acute chronic pain was reported in 48/297 (16.2%) patients 
(Table 2).

Among 487 adult patients, 158 (32.44%) reported at 
least one VOC episode resulting in a healthcare visit with 
a median pain score of 7 (IQR: 3), while 133/158 (84.17%) 
reported moderate to severe VOC episodes. Among 513 
paediatric patients, 173 (33.72%) reported VOCs, re-
sulting in healthcare visits. The intensity of pain due to 
VOC in adults and paediatric patients is summarized in 
Table 3.

Healthcare resource utilization and 
home-managed VOCs

In the year prior to enrolment, of all SCD patients (N = 1000), 
836 (83.60%) reported 5428 VOCs, including those managed 
at home and those managed at a healthcare facility; 633/1000 
(63.3%) patients had ≥3 VOCs. In the same time period, 
764/1000 (76.40%) patients required 3480 healthcare visits 
due to VOCs out of a total of 5752 healthcare visits (60.5%). 
Patients with ≥3 and >5 VOCs that required healthcare vis-
its were 46.9% (469/1000) and 22.5% (225/1000), respectively. 
Additionally, 501/1000 (50.10%) patients were admitted to 
the inpatient department for 5610 inpatient admission days, 
with a median (IQR) of 8 days (IQR: 11). The details of the 
healthcare resource utilization in adult and paediatric co-
horts are highlighted in Table  4 and Table  S9. In the same 
time period, 512/1000 (51.20%) of patients surveyed managed 
1948 VOCs at home, with 228/1000 (22.8%) experiencing ≥3 
VOCs (Table S3). Among 512 SCD patients, 83.20% cited less 
severe pain and 15.43% cited transportation challenges due 
to distance from healthcare centres as the primary reasons 
for managing VOCs at home. Detailed strategies and reasons 
for home management of VOCs across adult and paediatric 
cohorts are summarized in Table  S4. Regional distribution 

of VOCs for the past year in SCD patients is depicted in 
Figure 2A.

Pattern of HU use and VOCs

Of 1000 patients, 718 (71.80%) were using HU therapy at 
various doses for a median duration of 36 (Range: 12.58–
72 months, IQR: 59.42) months. However, the median cur-
rent dose of HU at 14.70 mg/kg/day (Range: 10.14–19.25, 
IQR: 9.1) was given for a median duration of 15.50 (Range: 
6–48 months, IQR: 42) months. Of 718 patients on HU 
treatment, 545 (75.91%) reported at least one VOC episode, 
and 321 (44.71%) reported ≥3 VOC episodes (Figure  2B, 
Table 5).

In this study 11.70% received opiates and 29.10% received 
NSAIDs to manage SCD and VOC episodes. Depending on 

Overall N = 1000 Adult patients n = 487 Paediatric patients n = 513

Duration of disease, median (IQR) 8 (12) 16 (14.1) 5 (6.4)

Disease duration, range, n (%)

<1 year 0 (0) 0 (0) 0 (0)

1–2 years 167 (16.70) 35 (7.19) 132 (25.73)

3–5 years 200 (20) 51 (10.47) 149 (29.04)

6–10 years 240 (24) 85 (17.45) 155 (30.21)

>10 years 393 (39.30) 316 (64.89) 77 (15.01)

Patients family members affected with SCD; n (%) 359 (35.90) 171 (35.11) 188 (36.65)

Abbreviations: BPL, below poverty line; ED, emergency department; Hb, haemoglobin; HbA, haemoglobin A; HbA2, haemoglobin A2, HbF, foetal haemoglobin; HbS, sickle 
haemoglobin; HPLC, high-performance liquid chromatography; IQR, interquartile range; INR, Indian Rupee; IPD, inpatient department; IQR, interquartile range; NGO, 
non-governmental organization; OPD, outpatient department; SCD, sickle cell disease; SD, standard deviation; VOC, vaso-occlusive crisis.
aAge-wise categorization was done based on data from UNICEF India, WHO India, and the International Institute for Population Sciences (IIPS). (-), NA (not applicable).
b1 USD conversion taken as INR 83.26 [as of November 2, 2023].
cHbSD, Compound Heterozygous sickle cell (Punjab) phenotype, Hb sickle delta thalassemia.

T A B L E  1   (Continued)

T A B L E  2   Prevalence of complicated and uncomplicated vaso-
occlusive crises.

Complicated and 
uncomplicated VOCs with 
clinical manifestations

Overall 
(N = 1000) 
n (%)

Adult 
(N = 487) 
n (%)

Paediatric 
(N = 513) n (%)

Total 335 (33.5) 158 (32.4) 177 (34.5)

Patients with 
uncomplicated VOC; n (%)

297 (29.7) 139 (28.5) 158 (30.8)

Acute pain 249 (83.8) 111 (79.9) 138 (87.3)

Acute on chronic pain 48 (16.2) 28 (20.1) 20 (12.7)

Patients with complicated 
VOC; n (%)

38 (3.8) 19 (3.9) 19 (3.7)

Acute chest syndrome 23 (60.5) 14 (73.7) 9 (47.4)

Hepatic sequestration 10 (26.3) 2 (10.5) 8 (42.1)

Splenic sequestration 4 (10.5) 2 (10.5) 2 (10.5)

Ischemic stroke/
transient ischemic attack

1 (2.6) 1 (5.3) 0 (0)

Note: Acute pain is a new severe pain with sudden onset; Acute on chronic pain is a 
sudden severe pain added to existing chronic pain.



      |  301SETH et al.

haemoglobin levels, 31.99% of patients received simple blood 
transfusions to manage SCD and VOCs. Details of the pat-
tern of HU use and other management measures are shown 
in Table 4 and Tables S5–S7.

Impact of VOC on QoL of adult and paediatric 
SCD patients

EQ-5D-5L: Of 1000 patients, 286 (28.60%) reported problems 
with mobility, 262 (26.20%) in self-care, and 306 (30.60%) in 
performing usual daily activities. Additionally, 422 (42.20%) 
and 279 (27.90%) patients experienced pain and anxiety/
depression, respectively. On average, patients reported an 
overall health utility score of 0.893 ± 0.182, while adults and 
paediatric patients reported 0.879 ± 0.196 and 0.906 ± 0.166, 

respectively (Table S8). In the year prior to enrolment, SCD 
patients with VOCs (n = 764) showed lower mean health util-
ity scores (0.865 ± 0.198) than patients with no VOC episodes 
(n = 236; 0.983 ± 0.058; Figure 3A).

ASCQ-Me: Overall mean scores of 486 adult patients were 
estimated for emotional impact (56.70 ± 9.38), pain impact 
(55.86 ± 10.54), sleep impact (57.78 ± 8.47), social function-
ing impact (59.57 ± 10.84), stiffness impact (58.25 ± 10.15) 
and pain episodes (50.00 ± 9.99). In the year prior to enrol-
ment, the mean ASCQ-Me scores were significantly lower 
(p < 0.001) in pain episodes and higher in all other domains 
in adults without VOC, confirming a healthier QoL than 
adult patients with VOCs (Figure 3B).

In addition, this SCD-specific QoL tool assessed the QoL 
of 513 paediatric SCD patients across 20 domains. Among 
these patients, poor QoL domains indicated by 374 (72.90%) 

T A B L E  3   Severity of vaso-occlusive crisis based on pain scores.

Adult patientsa n (%) Paediatric patients (aged 8–18 years)a n (%)
Paediatric patients (aged 3–7 years)b 
n (%)

Total number of 
patients; n (%)

158 (32.44) 127 (73.41) 46 (26.59)

Pain score; median 
(IQR)

7 (3) 5 (5) 4 (4)

Severity of VOCs, n (%)

Mild 25 (15.82) 50 (39.37) 20 (43.48)

Moderate 49 (31.01) 34 (26.77) 20 (43.48)

Severe 84 (53.16) 43 (33.86) 6 (13.04)

Abbreviations: IQR, interquartile range; VOC, vaso-occlusive crisis.
aNumerical Pain Rating Scale (NPRS) was used for adults and paediatric patients from 8 to 18 years of age.
bFACES pain scale was used for paediatric patients between 3 and 7 years of age.

T A B L E  4   Burden of VOCs in the year prior to enrolment.

Categories
Home and healthcare facility-managed 
VOCs

VOCs managed at 
home

VOCs managed at 
healthcare facilities

Overall (N = 1000)

Patients reported at least one VOC, n (%) 836 (83.60) 512 (51.2) 764 (76.4)

Occurrence of 1 VOC, Rates /100 PY 83.6 51.2 76.4

Total VOCs resulting in 1000 patients per 
year

5428 1948 3480

Mean ± SD of patients who reported VOCs 6.49 ± 5.85 3.80 ± 4.43 4.55 ± 3.81

Median (IQR) of patients who reported 
VOCs

5 (6) 2 (3) 3 (4)

Number of VOC episodes
Patients managed VOCs at home and 
healthcare facilities

Patients managed 
VOCs at home

Patients managed VOCs 
at healthcare facilities

1–2 VOCs, n (%) 203 (24.28) 284 (55.47) 295 (38.61)

1–2 VOCs/100 PY 20.3 28.4 29.5

3–5, n (%) 265 (31.70) 147 (28.71) 244 (31.94)

3–5/100 PY 26.5 14.7 24.4

>5, n (%) 368 (44.02) 81 (15.82) 225 (29.45)

>5/100 PY 36.8 8.1 22.5

Abbreviation: PY, person years.
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F I G U R E  2   Regional VOC distributions. (A) Regional distribution of VOC in India, (B) Regional distribution of VOC episodes across India based on 
HU therapy. N represents the total number of patients from the region. n, represents the number of patients who experienced at least one VOC in the year 
prior to enrolment. Data represented as n (%).

T A B L E  5   Pattern of HU usage in SCD patients.

Pattern of HU use Overall (N = 1000) n (%)
Adult (N = 487) 
n (%)

Paediatric (N = 513) 
n (%)

Currently on HU 718 (71.80) 368 (75.6) 350 (68.3)

Currently not on HU 282 (28.20) 119 (24.4) 163 (31.8)

Current HU dosea 716 366 350

Current HU dose; median (IQR) mg/kg/day [range Q1 – Q3] 14.70 (9.1) [10.14–19.25] 12.34 (8) [10–18] 15 (7.5) [12.5–20]

≤15 439 (61.3) 244 (66.7) 195 (55.7)

>15 277 (38.7) 122 (33.3) 155 (44.3)

Duration of current HU dosea 716 366 350

Median (IQR) duration of current hydroxyurea dose (months) 
[Range Q1–Q3]

15.50 (42) [6 - 48] 24 (54) [6–60] 12 (27) [3–30]

<3 months 119 (16.6) 47 (12.8) 72 (20.6)

3–6 months 108 (15.1) 59 (16.1) 49 (14)

7–12 months 109 (15.2) 50 (13.7) 59 (16.9)

>1–5 years 259 (36.2) 119 (32.5) 140 (40)

6–10 years 88 (12.3) 60 (16.4) 28 (8)

>10 years 33 (4.6) 31 (8.5) 2 (0.6)

If currently not on hydroxyurea but receiving it in the past

Never given HU in the past 241 (85.5) 99 (83.2) 142 (87.1)

Received but discontinued 41 (14.5) 20 (16.8) 21 (12.9)

Reason for discontinuation

Non-adherent/non-compliant 15 (36.6) 6 (30) 9 (42.9)

Stopped HU after low blood counts 10 (24.4) 7 (35) 3 (14.3)

Challenge with HU access 7 (17.1) 1 (5) 6 (28.6)

Inadequate HU response 4 (9.8) 3 (15) 1 (4.8)

Intolerance 3 (7.3) 1 (5) 2 (9.5)

Others (SCD associated complications) 2 (4.9) 2 (10) 0 (0)

Abbreviations: HU, hydroxyurea; IQR, interquartile range; SCD, sickle cell disease; VOC, vaso-occlusive crisis.
aData for two patients were not available.
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F I G U R E  3   Analysis of the quality of life of SCD patients reporting VOC episodes versus those reporting no VOC in the year prior to enrolment. 
(A) Mean health utility scores from EQ-5D-5L questionnaire (N = 1000). (B) Mean ASCQ-Me scores from 487 adult SCD patients. (C) Heat map of the 
proportion of SCD paediatric patients' responses to the paediatric-specific SCD questionnaire. n represents the number of patients in each group. Data 
represented as Mean ± Standard deviation of health utility scores. (Independent sample t-test **p < 0.01, ***p < 0.001).
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were weakness frequency, 373 (72.71%) weakness intensity, 
352 (68.61%) pain intensity and 350 (68.23%) pain frequency 
domains. Additionally, paediatric patients with VOCs 
in the year prior to treatment showed a greater impact on 
QoL across all domains compared to those without VOCs 
(Figure 3C).

The relationship of VOC and HU use with laboratory 
parameters is depicted in Table 6. Our results demonstrated 
significant differences in various haematological and bio-
chemical markers among those experiencing VOC versus 
no VOC, those with or without HU therapy and among HU 
users with or without VOC as detailed in Table 6.

DISCUSSION

This large Indian study, which included 1000 patients from 
14 centres across 11 states and union territories, provided 
novel insights into the overall VOC burden, clinical char-
acteristics, healthcare utilization and economic implications 
for SCD patients in India. Its robust methodology ensures 
comprehensive representation and generalizability to the 
SCD population seeking healthcare support.

Previous studies documented milder clinical phenotypes 
for Indian patients due to Arab–Indian haplotype.5,6 There 
are regional differences in the severity of disease, prevalence 
of anaemia and complications, with a median VOC rate 
of 60%.26–28 Our study is the first nationwide multicentre 
hospital-based study that included patients with SCD from 
different regions of India and revealed that 83.60% of pa-
tients reported 5428 VOC episodes in the year prior to en-
rolment. Notably, the current study observed 76.4% of SCD 
patients required healthcare visits to manage VOC, which 
aligns with the global SWAY survey, which reported 76% of 
SCD patients required healthcare visits to manage VOC in 
lower-and-middle-income countries (LMICs).29 The pres-
ent study observed the prevalence of ≥3 VOCs in a year 
was 46.9% (469/1000), which aligns with the maximum 
prevalence of ≥3 VOCs (67%), as reported by Zaidi et al.30 
and more than 40% of patients who reported a median of 3 
VOCs reported in the SWAY survey for LMICs.29 These data 
suggest a potentially higher disease severity among Indian 
patients visiting healthcare facilities, which has not been re-
ported in published studies thus far.

A prospective single-centre study revealed higher 
incidence rates of VOC in an Indian newborn cohort 
(85.2/100PY) than the Cooperative Study of Sickle Cell 
Disease cohort (32.4/100-PY).7,31 In our study, the centres 
did not start at the same time, so we used the last patient 
index visit as the study closure. As a result, we did not apply 
the 100-person-year calculation for VOC episodes. We 
represented the event rates per 100 person-years for VOC 
episodes in the year prior to enrolment for comparison 
with global cohorts.32,33 The VOC event rate calculated in 
our study revealed that 76.40/100-PY of SCD patients ex-
perienced VOCs in 1 year. A retrospective analysis of the 
Bethesda Sickle Cell Cohort Study (2001–2007) showed the 

rate of occurrence of one severe VOC episode (60/100 PY 
vs. 76.40/100 PY) and >5 VOC episodes in the year prior 
to enrolment (22/100 PY vs. 22.5/100 PY) in patients com-
pared to our Indian cohort.34 Considering these results and 
the VOC burden obtained in this study, we surmise that 
Indian SCD patients with the Arab–Indian haplotype do 
not have a milder phenotype compared to US SCD patients. 
Meanwhile, in SCD patients with the Arab–Indian haplo-
type living in the Middle East, similar rates of VOCs (48.23% 
vs. 76.40%) have been reported.35 Similar blood transfusion 
rates were reported in SCD patients in the Middle Eastern 
and Indian cohorts,36 suggesting comparable management 
strategies for patients from different regions. The wide-
spread presence of Arab–Indian haplotype in the region ac-
counts for the similarity in disease characteristics.37

In contrast, sub-Saharan Africa exhibits significantly 
higher VOC incidence and severe SCD-related complications 
than the Indian cohort, which is attributed to the prevalence 
of the more severe Benin haplotype in that region.38–41

The clinical presentation of SCD in India is generally 
less severe compared to the African population due to 
the high prevalence of the Asian haplotype and elevated 
levels of foetal haemoglobin (HbF), which requires lower 
HU dosage for better patient prognosis.7 HU therapy ef-
fectively manages SCD, reducing VOC frequency and se-
verity worldwide, including in India.8 Unlike the SWAY 
survey, with 31% HU usage,29 our study showed high HU 
usage [718 (71.80%)]. The median duration of HU therapy 
across all doses was 36 (IQR: 59.42) months. Additionally, 
the median duration of HU therapy at the current dose of 
14.70 mg/kg/day was 15.50 (IQR: 42) months, aligning with 
the Indian clinical practice of administering a fixed low 
dose.42 Our study showed substantially higher HU usage 
than the European (27%), North American (41%), South 
American (62%), Middle-Eastern (37%) and Asian (57%) 
cohorts.29 However, this study included patients from 
healthcare settings with higher HU usage, which may not 
be relevant to community-dwelling SCD patients. In our 
study, we noticed that patients with SCD were given a con-
sistently low dose of HU in line with Indian clinical norms. 
However, 58.90% of these patients on HU therapy were 
found to have ≥3 VOC episodes in the year prior to enrol-
ment. Our findings aligned with another observation from 
a subset of the Indian tribal paediatric SCD population, 
where 116/160 (72.50%) patients reported recurrent VOC 
episodes within a year. This underscores the challenges in 
effectively managing VOC occurrences in SCD patients, 
even with established therapeutic interventions such as 
HU.43 The results from this study highlight the need to op-
timize HU use, improve strategies for identifying HU fail-
ure and develop newer therapies and treatment modalities, 
including bone marrow transplants and gene therapy.

We also stratified our analysis of laboratory param-
eters among SCD patients based on the occurrence of 
VOCs and the use of HU therapy, revealing significant 
differences among these subgroups (Table 6). Patients ex-
periencing VOCs in the year prior to enrolment, exhibited 
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significantly lower haemoglobin levels (8.84 g/dL), red 
blood cells (3.4 million/mm3), lymphocytes (32.14%) and 
platelet counts (274.63/mm3), while having significantly 
higher values for white blood cells (10.86/μL), neutrophils 
(58.35%) and serum creatinine (0.63 mg/dL) compared 
to patients without VOC. Similarly, iron-binding capac-
ity (296.48 μg/dL), neutrophils (55.43%) and white blood 
cells (10.2/μL) were significantly lower, and haemoglobin 
(9.11 g/dL), lymphocytes (34.55%), basophils (0.4%) and 
HbF at diagnosis (18.79%) were significantly higher in HU 
users. Within the HU users, haemoglobin (9.02 g/dL) and 
lymphocytes (33.07%) were significantly lower, and white 
blood cells (10.5/μL), neutrophils (57.14%) and serum cre-
atinine (0.63 mg/dL) were significantly higher in patients 
with VOCs episodes. These results show the variations in 
haematological and biochemical parameters between pa-
tients who do and do not experience VOCs, those with and 
without HU treatment, and among HU users, those with 
and without VOCs. Further studies are needed to identify 
predictors of treatment outcomes and to develop tailored 
management strategies for this population.

Baseline (%) HbF modifies VOC severity and is regulated 
by genetic variations.44 In our study, HbF levels at the time 
of diagnosis were 18.24% (n = 676) and during the study, it 
was 18.42% (n = 87). HbF values did not differ among adults 
and paediatrics, patients with and without VOCs, with the 
number of VOC episodes and among patients using HU 
therapy except HbF at the time of diagnosis (Table  2 and 
Figure S3). This could be due to the limited availability of 
real-world baseline data, especially for HbF levels, as it is 
not monitored in routine clinical practice in India. Despite 
high HbF levels, adult SCD patients with Arab–Indian hap-
lotype are not benign because their HbF levels decrease 
with age,45 and their F-cells have heterocellular and variable 
HbF distribution.46 Genetic variations, sub-optimal dosing, 
non-adherence, limited access and delayed treatment onset 
collectively resist improved outcomes of HU therapy.15,17,42 
Therefore, a comprehensive approach is required to opti-
mize the dosage of HU for VOC management in Indian SCD 
patients and monitor for the frequent clinical observation of 
thrombocytopenia.

Our study showed that VOC has a significant negative 
impact on the QoL of Indian SCD patients in various do-
mains, including physical health, emotional well-being, 
social functioning and daily activities. Complications re-
lated to VOC can lead to exclusion from normal activities, 
resulting in isolation, stigma and reduced social support 
for Indian SCD patients. Interventions and care strategies 
are needed to address their physical and psycho-social 
challenges.

This hospital-based study on SCD may lack gener-
alizability to community settings. While it effectively 
captures epidemiological data, recall bias from annual 
healthcare utilization data is possible. It omits SCD com-
plications and VOC-related ICU admissions, affecting 
disease severity assessment in India. The semi-validated 
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paediatric QoL questionnaire provides insight but limits 
global comparison.

Our study revealed unique perspectives on the SCD land-
scape, VOC burden, management strategies and the impact 
of VOC on QoL in India.
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