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Abstract

Original Article

IntRoductIon

Sickle cell disease (SCD) is a hereditary genetic disorder of 
hemoglobin that causes red blood cells to sickle at low oxygen 
levels.[1] Unlike healthy red blood cells, sickle‑shaped red 
blood cells stack up and cause vaso‑occlusion. SCD patients 
suffer from various symptoms from early childhood, including 
vaso-occlusive crises, recurrent infections, organ failure, 
anemia, and stroke. The mortality rate is higher in SCD patients 
compared to the rest of the population.[2,3]

SCD is prevalent worldwide but has a high prevalence 
in African countries, South America, Saudi Arabia, and 
India.[1] In India, SCD prevalence is higher among the tribal 
populations than the general population. The prevalence of 
the sickle cell trait is about 5%–34% among the tribal people 

in India.[4‑6] The prevalence of SCD is 0.6%–35% in various 
areas of Gujarat.[7]

In general, the belief was that affected individuals in India have 
a milder manifestation of disease than African and Arabian 
SCD individuals. However, recent studies have found severe 
manifestations of SCD in 20%–50% of Indian SCD‑affected 
individuals.[8] Several cost‑effective, proven interventions are 
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known to improve outcomes for SCD, including early diagnosis 
via neonatal screening, education, and counseling of SCD 
patients and families about early recognition of complications, 
pneumococcal vaccination, and regular follow-up and 
treatment with transfusion and hydroxyurea (HU) for severe 
SCD cases.[9‑11] These interventions have been introduced and 
were found to be effective in Western countries but have not 
been studied well in India.[12]

In the year 2011, the state government of Gujarat implemented 
a SCD control program. Screening for SCD among tribal 
population is completed, although the coverage of the 
above‑proven interventions was found below par in SCD 
patients in Gujarat.[13] To develop a programmatic strategy to 
improve the coverage of proven interventions for SCD patients, 
SEWA Rural developed a hospital‑based comprehensive care 
program for SCD in the tribal area of Gujarat, India.[14] This 
study aimed to examine the effectiveness of a comprehensive 
SCD program in community settings.

Methods

Study design and study setting
The study design was a quasi-experimental study involving 
five primary health centers (PHCs) each in the intervention 
and control groups. The study was conducted from June 2016 
to May 2018 in three tribal blocks of Narmada and Bharuch 
districts in Gujarat, India.

This study was implemented in Kasturba Hospital managed 
by SEWA Rural Trust, which is based in the tribal area of 
Gujarat, India.

Participants
The study was implemented in 10 PHCs in three blocks of 
Narmada and Bharuch districts that are within a 10–40‑km 
range of Kasturba Hospital. PHCs were assigned randomly 
into intervention and control groups.

As screening for SCD has been done by government, district 
health society is supposed to have a list of SCD patients. The 
list of total 716 patients was received from district health 
society for these 10 PHCs. It was decided to stop recruitment 
and interview of new patients once we reach the sample 
size. Therefore, every participant or group did not have an 
equal chance of selection. Hence, we called this study a 
quasi-experimental study.

Initially for a few samples, we did high-performance liquid 
chromatography (HPLC) of some samples to see the accuracy 
of data, we found discrepancies in result. Hence, it was decided 
to do HPLC of all participants before enrollment. All SCD 
patients aged between 5 and 40 years in the study area were 
included. Pregnant women were excluded from the study due 
to confounding complications with pregnancy and delivery.

At baseline, a data collector visited the household of each 
participant on the list. HPLC was done for all patients to 
confirm the diagnosis of SCD. Only participants positive 

for SCD through HPLC were included in the study. The 
participants from the intervention area were invited to visit 
Kasturba Hospital for registration. In the intervention group, 
we included those patients who visited the hospital at least 
once and registered themselves in SEWA Rural’s SCD registry. 
The data collector visited each household at least three times 
for those found absent on the first visit. Patients who were not 
contacted after three home visits were not included in the study.

Intervention
The intervention was comprehensive care program at 
secondary care hospital. The comprehensive care program 
for SCD consisted of a weekly SCD clinic, inpatient care, 
and a web‑based IT application as a job aid for doctors and 
counselors. All SCD patients in the intervention group were 
enrolled in the IT‑based system at Kasturba Hospital. During 
registration, all patients received health education by a trained 
counselor about adherence to care, how to prevent pain crisis, 
when and where to seek care and family screening for SCD. 
All registered patients followed up once every 3 months at the 
weekly outpatient clinic. Follow-up care consisted of self-care 
counseling, laboratory tests, diagnostics, and medical care by 
qualified health‑care workers. Patients received pneumococcal 
23 vaccine, folic acid, chloroquine (CHQ), and, in severe cases, 
HU medicine at every follow‑up visit. Emergency medical care 
and inpatient services, including blood transfusion services, 
were available at the hospital [Figure 1].

All patients were supposed to revisit the clinic at every 
3 months. All visits were recorded in the web‑based IT system 
by a counselor. The web application helps to ensure adherence 
to care by tracking missing visits. The app generates alerts for 
the counselor and doctors, which displays names of the patients 
who missed their respective clinic visits. The counselor made 
follow-up telephone calls to remind patients about a follow-up 
appointment. Those patients who did not visit the SCD clinic 
for 6 months despite phone call follow‑ups were marked as lost 
to follow-up by the counselor. Program managers monitored 

Figure 1: Program description of hospital‑based comprehensive sickle 
cell disease care program
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the reports generated by the application in monthly monitoring 
meetings with programmatic staff. At hospital, doctors 
followed care protocol based on the recent evidence.[15] Local 
doctors including gynecologists, pediatricians, and physicians 
approved the protocol and agreed to follow the protocol for 
the care.

Control group
The participants in the control arm received the usual care in 
the government system. As per government system, there is 
a sickle cell counselor for each PHC. Sickle cell counsellors 
working at PHCs supposed to visit respective villages 
to provide home care services including medication and 
counselling to SCD patients. Pneumococcal vaccination and 
HU treatment are available at PHC. Although, the laboratory 
tests including liver profile, complete blood count, kidney 
profile, and serum bilirubin facilities are not available at PHC. 
Patients need to travel to district hospital or community health 
center to avail those reports. A medical doctor is available at 
PHC, and the blood transfusion facility is not available at PHC. 
PHCs are suffered due to recurrent medicine short supply. We 
did not invite participants from the control group for hospital 
care [Table 1]. As we are only public hospital available in the 
area, we did not deny care services to people from control area.

Outcomes
The study outcomes include coverage of various proven 
interventions and severity of disease at baseline and end line.

The primary outcomes of interest were as follows:
1. Pain crisis rate in the past year
2. Proportion of patients with severe SCD who were prescribed 

and had taken HU at least once within the last week.

The secondary outcome indicators include knowledge of 
patients about SCD, quality of life (QoL) of the patient, and 
coverage of pneumococcal 23V vaccine, folic acid, and CHQ.

Definition of outcome variables
Pain crisis is defined differently in various studies.[16‑18] Hence, 
for this study, pain crisis was defined as severe pain in bones, 

back, or abdomen that limits a patient’s routine work and 
remains for at least 24 h, or sought care from a doctor for pain. 
The hospitalization was counted when a patient was admitted 
to any hospital for at least 24 h due to causes related to SCD.

Measurement of outcomes
All outcomes were measured at baseline and end line by 
interviewing participants by home visit. The severity due to SCD 
was measured at baseline and end line. At baseline, severity was 
measured from responses of the baseline survey. To measure the 
prospective severity of the disease, we made phone calls to all 
registered patients from both the groups. The phone calls were 
done every 5–6 months, and patients were asked about crises, 
hospitalizations, and blood transfusions. This method was 
validated by comparing it with on‑field data collection. If the 
patient has at least three crises, three hospitalizations, or three 
blood transfusions due to SCD within 12 months either from 
phone calls or end line survey, the respective patient was marked 
as severe SCD. We also asked about the history of complications 
arising from SCD, including splenic sequestration, stroke, acute 
chest syndrome, and avascular necrosis of hip due to SCD at 
baseline and end line survey.

QoL was assessed using a modified questionnaire from the 
36‑Item Short Form Survey questionnaire[19] and the WHO 
QOL‑Brief questionnaire for QoL.[20] We translated and 
validated the questionnaire before using it for the survey. The 
piloting of Gujarati questionnaire was done in the presence of 
an expert, and the expert confirmed the local language questions 
being asked as mentioned in the English questionnaire.

A separate team of trained data collectors did a home visit for 
each participant. The same data collection tool was used at 
baseline, end line household survey, and phone call follow-up. 
All data at baseline were collected using a paper‑based system, 
and offline software was developed and used for data entry. End 
line data collection was done after 2 years. A research associate 
and statistician monitored the quality of data collection.

Sample size calculation
The sample size was calculated for comparison of two 

Table 1: The care provision for the intervention and control groups enrolled under the study of hospital‑based 
comprehensive sickle cell disease program in tribal area of Gujarat, India, 2016–18

Intervention group Control group Note
Government services
Government counselor services for SCD √ √
SCD care at PHC √ √
Laboratory testing at district hospital √ √
SEWA Rural Hospital‑based 
comprehensive care for SCD

Members of the control group can walk-in and 
can receive all services from SEWA Rural, but we 
invited only members of the intervention group

Weekly clinic care √√ √
Inpatient care √√ √
Laboratory services √√ √
Registration to SCD registry √√ √
√: The particular group members can avail the services, √√: The particular group members invited and registered to SCD registry of program. SCD: Sickle 
cell disease, PHC: Primary health center, SEWA: Society for Education Welfare and Action
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proportions (two‑sided) for primary indicators which are (a) 
pain crisis rate and (b) number and percent of eligible patients 
who were prescribed and had taken HU at least once within 
the last week. As per our previous experience, we expected the 
crisis rate at end line in the intervention group to be 1.9 crisis/
person year as compared to 2.47 crisis/person year in the control 
group. Similarly, for HU, we expected that 10% of those eligible 
would receive HU in the intervention group as compared to 
1% in the control group. We used n = (zα/2 + zβ/2)2× (π1 [1−
π1] + π2 [1−π2])/[π1−π2]

2 formula:[21-23] n = the sample size 
required in each group (double this for total sample), π1 = first 
proportion, π2 = second proportion, π1−π2 = size of difference 
of clinical importance, and zα2 depends on desired significance 
level = 1.96. As per the above calculations, the sample size 
includes 96 cases per group.

Statistical analysis plan
Intention-to-treat analysis was performed for all outcomes. 
Baseline characteristics were examined by t-test for continuous 
variables and Chi-square test for categorical variables. 
Independent t-test was used to measure the difference in 
difference of the intervention and control groups at baseline and 
end line for the clinical outcome indicators including pain crisis, 
hospitalization, blood transfusion, and average hemoglobin. 
Similar to the baseline, t-test was used for continuous 
variables and Chi-square test for the categorical variables to 
measure the end line characteristics for other variables. SPSS 
version 20.0 (IBM SPSS Statistics for Windows, Version 20.0. 
Armonk, NY: IBM Corp.) was used for the data analysis.

Ethical issues
This study received ethical clearance from the SEWA Rural 
Institutional Ethics Committee before the study. Written, 
informed consent was attained from the participants and 
parents of the participants in the case of minors.

To secure the privacy of the respondents, we masked dataset 
with a unique ID. We removed all personally identifiable 
information from the dataset. The dataset was only accessible 
to the investigators. The hard copies are saved under the 
security of a locker and only investigators have access to keys.

Results

We received a line listing of 716 SCD patients from the 
government registry. After exclusion, 293 and 273 patients 
were allocated, respectively, in the intervention and control 
groups. A survey team visited them at their respective homes 
for baseline data collection. A total of 101 patients in the 
control group and 84 patients in the intervention group were 
recruited in the study [Figure 2]. All patients were from the 
Scheduled Tribal population, with 103 (54.8%) females. 
Overall, 142 (76.6%) patients were below the poverty line, and 
the literacy rate was 92% [Table 2]. Among the intervention 
group, 29 (34.5%) patients were lost to follow‑up. Total 
14 (13.7%) members of the control group were registered in 
the sickle cell registry during intervention period.

Knowledge of SCD was comparable in both arms at baseline. 
There was a significant improvement in the intervention 
group at end line as compared to the control group [Table 3]. 
Regarding QoL, the intervention group as compared to the 
control group had improvement in “health compared to 
last year,” “improvement in health,” “ability to do vigorous 
activities,” and “satisfaction at work and school” and decrease 
in “limit to work because of physical health since last 1 month,” 
“painful crisis since last month,” “feeling of downhearted and 
blue most of the time due to SCD,” and “lost school or work 
due to disease” [Table 4].

The coverage of proven interventions at baseline and endline 
were presented in Tables 5 and 6. At baseline, none of the 

Table 2: Sociodemographic characteristics study of hospital‑based comprehensive sickle cell disease program in tribal 
area of Gujarat, India, 2016–18

Characteristic Categories Intervention (n=84), n (%) Control (n=101), n (%) P***
Gender Male 37 (44.0) 45 (44.6) 0.945

Female 47 (56.0) 56 (55.4)
Caste ST 84 (100.0) 101 (100.0)
Age (years) 0–5 0 0 0.712

6–20 60 (71.4) 67 (66.3)
21–40 24 (28.6) 34 (33.7)

Education Illiterate 8 (9.5) 6 (5.9) 0.829
Primary (1–8 standard) 52 (61.9) 63 (57.9)
Secondary or higher (>8 standard) 24 (28.6) 32 (36.2)

Marital status Unmarried 65 (77.4) 72 (71.3) 0.441
Married 17 (20.2) 27 (26.7)
Widow 1 (1.2) 1 (1.0)
Divorcee 1 (1.2) 0
Separated - 1 (1.0)

Economic condition Have BPL card 67 (79.8) 75 (74.3) 0.377
***Chi‑square test was used to determine the significance of difference among the groups. Boldface indicates statistical significance (P<0.05). BPL card: 
Below poverty line card, ST: Scheduled Tribe
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severe SCD patients were taking HU. At baseline, the coverage 
of proven interventions including pneumococcal vaccination 
(Odds ratio OR 1.0 [95% CI 0.99–1.04], P = 0.454), and CHQ 
(OR: 2.4 [95% CI 0.2–27.4], P = 0.591), were similar in both 
groups. At endline, there have been significant improvement 
in the intervention group in compared to control groups in 
coverage of proven interventions including HU medicine 
for severe SCD patients (OR 7.1 [CI 1.8–28.6], P = 0.002), 
pneumovax vaccination (OR 21.3 [95% CI 9.7–46.8]), P = 
0.000, CHQ (OR 4.9 [95% CI 2.4–10.2], P = 0.000), and folic 
acid (OR 4.1 [95% CI 2.2–7.8]), P = 0.000).

We measured change in clinical outcomes from baseline to 
endline in both groups. The change in intervention group 
compared to control group was not significant for the clinical 
outcomes including pain crisis (mean difference [MD]: −0.18 
[−1.17–0.812]), P = 0.719, hospitalization rate (MD: −0.08 
[−0.375–0.210]), P = 0.576, and blood transfusion (MD: 
−0.60 [−0.532–0.412]), P = 0.803, and minor improvement in 

hemoglobin level (MD: −0.25 [−0.300–0.811]), P = 0. 0.365. 
The result of phone call follow-ups for clinical outcome 
indicators is presented in Appendix Table 1.

dIscussIon

In this study, we describe the effectiveness of a hospital‑based 
comprehensive SCD program for SCD patients. Coverage of 
proven interventions improved including vaccination and HU 
adherence among severe SCD patients, as well as knowledge 
about SCD among patients. The improvement in outcome 
indicators, which include pain crises, hospitalizations, blood 
transfusions, and hemoglobin level, were marginal at end 
line in the intervention group as compared to the control 
group. There was a marginal improvement in the QoL in the 
intervention group as compared to the control group.

Various mHealth intervention models have been effective 
for chronic disease and SCD management in high‑income 

Figure 2: Flow diagram of the study
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countries.[24,25] However, the effectiveness of mHealth 
strategies has not been well studied in India and other low- and 
middle-income countries. Similar to our study, a study performed 
in Chicago found that hospital-based quality improvement 
led to improvements in the prescription of HU, vaccination 
coverage, and laboratory monitoring.[26] Press et al. mentioned 
that a dedicated primary care physician-led sickle cell outpatient 
clinic leads to a decrease in annual hospitalization rate.[27] In 
a previous study, we found that hospital admission during 
registration, patients with a history of vaso-occlusive crisis, 
and being married were associated with loss to follow-up.[28] In 
this study, follow-up by telephone was conducted to improve 
follow-up rates for patients who did not visit clinic regularly. The 
telephone call follow ups by non medical personals improves 
adherence to care among SCD patients.[29]

The improvement in coverage of intervention might be due 
to the availability of comprehensive free care under one roof. 
The adherence to care among the intervention group might 
be improved by follow-up calls by the counselor backed 
by an IT‑based application. Data were collected in both the 
groups through telephone calls every 4 months; this could 
have introduced Hawthorne effect and influenced results in 
both the groups.[30] In addition, HU was administered at fixed 
dose (10 mg/kg/day) and not at maximum tolerable dose; 
this might have led to a limited, diluted effect on the clinical 
outcomes in the intervention group.

A strength of this study is that it provides evidence on the 
effectiveness of a comprehensive hospital‑based SCD care 
model supported with IT system on various components 
including coverage of proven intervention, knowledge of the 
patients, clinical outcomes, and QoL. To our knowledge, this 
is the first study in the Indian context to use mHealth as a case 
management aid for health workers managing SCD.

conclusIon

This study demonstrates that a hospital-based comprehensive 
care model supported by a web application platform has great 
potential to improve coverage of proven interventions for SCD, 
especially in hard-to-reach areas with a lack of resources and 
where the burden of SCD is high. Further randomized trials 
are needed to measure the effectiveness of the hospital‑based 
comprehensive care on clinical outcomes.
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appendIx

Appendix Table 1: Clinical outcomes as per telephonic‑calls among registered SCD* patients in tribal‑area of 
Gujarat‑India at year 2016‑18

Characteristics Baseline 1 Year of intervention 2 Years of intervention

Intervention 
(n‑84)

Control 
(n‑101)

Intervention 
(n‑79)

Control 
(n‑88)

Intervention 
(n‑79)

Control 
(n‑88)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Pain crisis 1.2 1.5 1.7 2.4 0.4 0.9 1.1 1.7 1.2 1.97 1.6 2.0
Hospitalization 0.26 0.96 0.14 0.38 0.1 0.40 0.1 0.4 0.4 1.0 0.18 0.5
Blood transfusion 0.18 1.5 0.09 0.4 0.0 0.0 0.0 0.0 0.1 0.5 0.05 0.21
*SCD‑ sickle cell disease
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