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Abstract

Background: Thalassemia is a single gene disorder that is passed on from parents to children. According to the
World Health Organization, the carrier rate of thalassemia is between 3-7%. Treatment and management of a
thalassemia major patient costs the family around USD 5389-13474 per year (INR 100,000-250,000) depending on
the age and presence of complications. Screening of antenatal women have the potential to reduce the burden of
thalassemia and could offer a much effective strategy.

Methods: A hospital based cross-sectional study was conducted to assess the cost of treatment and screening,.
Patients visiting thalassemia treatment centres in the National Capital Region were asked questions to assess the
annual cost of treatment incurred.

Results: The annual treatment of thalassemia patients in government, non-governmental/charitable and private
sector hospitals is being reported here. When analyzing the cost for the population at large, screening costs only
0.01% of the treatment cost.

Conclusion: Therefore, we can infer that screening in whole population is much more efficacious as compared to
treatment in 10,000 people. Thus, screening and prevention not only reduces the morbidity and mortality associated
with the disease, but also is a better public health model for countries with high prevalence of thalassemia.
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Introduction the first 2 years of the life of the child and is fatal

Thal o ol disord hich unless started on a regular transfusion regimen®.
o a.asserr.ua 15 @ smgie gene 1§or er wiie Based on the clinical severity, thalassemia is divided
is inherited in an autosomal recessive pattern?. . . .
Thal . ) il | b into transfusion dependent and non-transfusion

alassemia major usuaily presents early; within dependent states*. As it is inheritedin autosomal
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recessive manner, the parents of the affected child are
carriers who pass on the defective gene to the child*.

Among inherited conditions, thalassemia is one
of the most prevalent disorders, affecting nearly 200
million people globally>®. The carrier frequency of
beta thalassemia in India is estimated to be 3% to 7%,
thus posing a major public health concern’. In India,
approximately 8000-10,000 children every year are
born with beta-thalassemia major, which represents
10% of the thalassemia-major burden around the
world8. Across India, as the thalassemia prevalence
vary between 0.6% and 15% in different populations,
it is estimated that there are approximately 42 million
beta thalassemia carriers”!?. There are multiple
strategies that have been suggested for reducing
the burden of thalassemia in the country. Detection
of carriers through population-based screening (e.g.
in schools, colleges etc), focused group screening
(antenatal women in first trimester) and cascade
screening of extended family members of an affected
child are strategies that have been suggested. Of
these, mandatory antenatal screening is probably the
most cost-effective method of detecting carrier state,
as antenatal period offers a captive period where the
pregnant lady is expected to return to the healthcare
facility desirous of healthcare.

Methods

A hospital based cross-sectional survey was
Ethics
Committee approval (reference no IIPHD_
IEC_S_33_2019 dated 10 December 2019) among
the parents of thalassemia patients to assess the

conducted after receiving Institutional

annual treatment cost at a government institute
(Post Graduate Institute of Child Health, Noida), a
non-governmental organization (Red Cross Society)
and patients visiting a private hospital in Delhi. The
study was conducted over a period time of three
months starting from December 2019 to March 2020.
The study participants were thalassemic patients and
their families. After taking written consent from the
parents of patients aged < 25 years and patients aged
>25 years, interviewer administered questionnaire
was administered. Participants were approached
through the respective hospitals and the Red Cross
Society helped in contacting patients who were under
their support. Based on the objective of the study,

purposive sampling was done to select participants
from the hospitals from where permission was
granted. To assess the cost of treatment, using 7%
prevalence and 5% precision, the sample size of
100 was calculated. Considering 10% non-response
rate, the final sample size estimated was 110 and
were balanced between the 3 groups. Anonymous,
interviewer administered questionnaire was prepared
to assess treatment cost. A similar questionnaire by
Thalassaemia International Federation has been used
as a guidance document!. The questionnaire was
pretested and piloted before finalization to ensure
appropriateness and completeness.

The study participants were asked about their
annual cost of treatment. Costs were collected by
components and presented separately as well as in
aggregate. User costs were collected and presented
separately from treatment costs. Non-medical user
costs included cost of transportation and cost of wage
loss. The study has not included cost of complications
beyond treatment of primary condition of thalassemia.

For screening,costs associated with prenatal
screening of thalassemia among antenatal women
during their first trimester using hemoglobin
electrophoresis was examined. Screening in
thalassemia patients is done by (antenatal women in
their first trimester) by HPLC test (high performance
liquid chromatography) followed by confirmatory
test in the spouses of thalassemic females to
see whether the couple is “at risk” or not. After
detection of “at risk” couples, couples are referred
to genetic counseling. Finally, those who agree for
genetic counseling are advised to have prenatal
genetic diagnosis of the fetus by chorionic villus
sampling (CVS) at around 12 weeks of gestation.
After prenatal genetic diagnosis, most couples with
thalassemia major affected fetus opt for termination
of pregnancy. Screening costs assessed in this
study is an aggregate of all the above tests. Cost of
prenatal screening was assessed from various private
laboratories in Delhi NCR (Lal Path labs, House of
Diagnostics, SRL, Prognosis lab, Niramaya, BLK
Hospital, GangaRam Hospital, Apollo Hospital)
and government hospitals (All India Institute of
Medical Sciences, Kalawati Children’s Hospital and
Safdarjung Hospital) in Delhi and laboratories where
screening of thalassemia and genetic counselling is
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being done. Purposive sampling was done for cost
of prenatal screening tests as all labs and hospitals
do not provide genetic counselling and pre-natal
diagnosis tests. Cost of prenatal screening tests was
asked from private hospitals and laboratories based
on convenience and mean costs were calculated. The
costs were presented separately by individual tests
as well as in aggregate, separately for each type of
provider. It is to be noted that only cost of treatment
incurred by the patient’s family is calculated and not
that was incurred by the hospital since they receive
free treatment through government schemes. The
out of pocket expenses incurred by family such as
caretaker salary loss also has not been calculated.
Ethical approval for conducting the research was
taken from Institutional Ethics Committee of Indian
Institute of Public Health, Delhi.

Results

Background characteristics of the respondents
(parents of thalassemia patients) are displayed in
Table 1. 50 patients attending government hospital,
20 attending NGO and 30 attending private hospital
were enrolled. 10 families who underwent prenatal
were interviewed for the costs. The overall response
rate was 88% (97/110). The age of patients included
in the study ranged from 1 to 39 years (mean 13
years and SD 6.5). Around 56% of the patients were
females. The majority of parents of the patients
(40%) were salaried followed by unemployed (29%).
Homemakers constituted about 17% of the total
participants while only 12% accounted for daily
wage workers. Forty-three percent completed their
education up to school or equivalent, 34% studied
up to the fifth standard while15% had not attended
school at all. The monthly household income of the
respondents ranged from USD 36 (INR 3,000) to USD
4,268(INR 3,50,000). The mean and median monthly
income of the respondent was around USD 900
(INR 73947) and USD 304 (INR 25000) respectively
with interquartile range USD 121- 1433 (INR 10000-
117500).

Components of cost of screening/couple

Screening cost included the cost of HPLC test
which was considered as the first test to check the
carrier status of the parents. The test was found to
cost an average of USD 4.27(INR 350) in government

institutes and about USD 14 (INR 1153) in private
institutes. If both the parents were tested positive,
they are advised to go for genetic counseling which
costs USD 16.6 (INR 1360) on an average in private
hospitals and labs. There was no fee for genetic
counseling in government hospitals. If the parents
agree then they undergo prenatal diagnosis to know
whether the baby is thalassemic or not. This test costs
about USD 24.3 (INR 2000) in government and USD
233(INR 19116) in private institutes. If the baby turns
out to be thalassemic major, then most couples would
opt for termination of the pregnancy which costs
USD298 (INR 24500) in private and USD 6 (INR 500)
in government hospitals. Overall, the average cost of
screening in government hospitals amounts to USD
34.7(INR 2850) per couple; in private hospitals, the
average cost for screening is USD 563 (INR 46170)
per couple. Difference in private and government
screening cost was USD 132 (INR 10830) but is not
statistically significant.

Components of annual government and private
treatment cost

Current recommendation states that transfusion
therapy should be started as soon as the patient is
diagnosed with haemoglobin level less than 7gm/dl
at least on two consecutive tests(12)varying methods
of obtaining blood, different practices in screening
for blood pathogens and different costs of drugs
and equipment. It is evident that all countries would
benefit from the sharing of experience and expertise
in order to harmonize and optimize the quality
of treatment as much as possible. The need for
management guidelines for Transfusion Dependent
Thalassaemias (TDT. After the thalassemia patient
has been diagnosed with thalassemia major, pre
transfusion haemoglobin level test needs to be done
to maintain the haemoglobin level above 9.5-10gm/
dl(13)including Germany, due to immigration.\n\
nMethod\ nSelective review of the literature with
consideration of national guidelines.\n\nResults\
nThe hemoglobinopathies encompass all genetic
diseases of hemoglobin. They fall into two main
thalassemia syndromes and structural
(abnormal

groups:
hemoglobin  variants
Chelation therapy (removal of excess iron from the

body with drugs) needs to be initiated along with

hemoglobins.

the transfusion of blood to maintain serum ferritin
level below 1000 ng/ml(12)varying methods of
obtaining blood, different practices in screening for
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blood pathogens and different costs of drugs and
equipment. It is evident that all countries would
benefit from the sharing of experience and expertise
in order to harmonize and optimize the quality
of treatment as much as possible. The need for
management guidelines for Transfusion Dependent
Thalassaemias (TDT.

Treatment for thalassemia includes the cost of
regular transfusion of leukodepleted blood, medical
treatment such as chelation therapy and investigations
at each hospital visit and annually to monitor for
complications. In government hospitals such as
PGICH, Noida which is supported by National Health
Mission, Blood Cell, Uttar Pradesh, all patients are
provided free of cost NAT tested and leukoreduced
blood and chelation therapy. All routine investigations
are also provided free of cost to the patient through the
NHM budget. At such centres, the cost incurred by the
patient would only be for their travel to the hospital
and additional investigations. The cost incurred by the
hospital is borne by the budget for hemoglobinopathies
under the National Health Mission, Ministry of Health
and Family Welfare.

In the case of non-governmental organizations
and government institutions, maximum proportion is
spent by the patients on laboratory tests followed by

cost of referral at NGOs. Cardiology, endocrinology
and hepatology evaluation is done once annually
and on sos basis and referral to specialist involves
multiple visits to different specialists. In government
setup, physician fee is usually free and it constitutes
USD 12 (Rs. 1000) to patients visiting NGOs.

Chelation and leukodepleted blood were given
free of cost to patients at the government hospital
and NGOs. In the case of private hospitals, chelation
constitutes the highest cost component (75%)
althoughitalso includes physician cost, and drug cost.
It accounts for USD 3,016 (INR 2, 47,323) annually.
After this, 10% is accounted for by specialist cost, 7%
is spent on hospitalisation while 6% on transfusion.
Cardiac evaluation and ferritin test accounts for only
1% of the components of the treatment cost.

Overall, the average annual cost per thalassemia
patient was USD 32 (INR 2681) and USD3840(INR
3,14,906) in government vs private sector respectively
for transfusion and chelation as shown in table 3. It
is again highlighted that in government centres, this
cost is borne by the state government either directly
or through National Health Mission as the case may
be whereas in NGO and private hospitals, the cost is
borne by the family.

Table 1: Background characteristics of participants (N=97)

Background characteristics N=97
Age of Patients (years), Mean(SD) 13(6.55)
Sex of Patients, n(%)
* Male 55(56.70)
* Female 42 (43.30)
Employment status of parents, n(%)
*  Unemployed 28(29.17)
* Daily wage worker 12(12.50)
e Salaried 39(40.63)
*  Homemaker 17(17.71)*
Education level of parents, n(%)
*  No schooling 15(15.46)
e Uptoclass5 34(35.05)
* High school 42(43.30)
* Graduate and above 6(6.18)
Monthly family income in rupees, Median(IQR) | 25000(10000-117500)

*One respondent did not disclose her/his employment status
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Table 2: Difference in treatment cost between government, NGO and private sector

Difference in means | P-value Confidence Interval T-Statistics
Cost difference between -314906 <0.001 (-347479.1,-282332.9) -19.50
government and NGO vs.
private treatment
Cost difference between -10830 017 (-29950.63-8290.63) -1.79
government and NGO vs.
private screening

Table 3: Estimated cost of treatment of thalassemia (INR)
Government and NGO Private
Monthly Range | Annual Monthly Range Annual
(Average cost) (Average cost)

Cost of Transfusion 300-1650 (771) 3305 500-4400(1584) 19010
Cost of Chelation 250-6000 (1861) 3190 9000-35000(20600) 247323
Cost of Physician 100-200 (106) 342 Included in chelation therapy cost
Cost of Referrals 100-2000 (942) 2885 1200-7500(2875) 32093
Cost of Laboratory tests
1.Ferritin 150-500(254) 1020 300-550(460) 1843
2.Cardiac 1500-6500(4046) 4046 1900-6000(4677) 4677
Total average cost of treatment per year 14161 314906
Mean percentage of annual income spent 7.19% 18.11%
on treatment

In government center, all services were provided
free to the patient and the cost incurred was borne
by the government whereas in NGO and Private, the
cost was borne by the patient’s family.

Discussions

The annual cost of treatment per patient, amounts
to USD 32 (INR 2681) in government hospitals and
USD 3840 (INR 3,14,906) in private hospitals (Table
2). This expenditure will increase year after year as
treatment is required for lifetime and can reach up
to USD 292(INR 24006) in government and USD
34,391(INR 28,19,764) in private over 24 years (mean
life expectancy of thalassemia patients)!by only
considering a 10% annual inflation rate. It may be
noted that the study does not calculate the rate
of development of complications and additional
these
complications. The highest cost component in private

investigations and treatment costs for

settings is chelation therapy. As it acquires the highest
costcomponent and is required very frequently, every

effort has been made by the government to make it
free for the patient. NGOs and private hospitals also
have been providing this at subsidised rates to the
patients who cannot afford.

As compared to these costs, the screening cost
were only USD 4.2 (INR 350) in government facilities
and USD 145 (INR 1,193) in private facilities.
Hence, screening during the first trimester should
be encouraged irrespective of the fact that parents
are thalassemic or not. Parents are usually willing to
undergo tests during this period for the well-being of
the baby(15).

We also report that 18% of the annual family
income was spent by families belonging to the upper
class households. Poorer patients have to spend a
significant fraction of their earnings on travel, cost
of medicines and investigations when not supported
in government centers. Even 11-22% of their annual
income can have a huge impact as many families
already had less resources.
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“Prevention is indeed better than cure. A majority
of studies done in this genre have reported screening
of antenatal women to be cost-effective as compared
to the treatment done in thalassemia patients!®. We
can conclude that screening for all pregnant women of
India will cost around USD 67,24,57 (INR 55,135,150)
considering USD 4.2 (INR 350) as primary screening
test cost and that India would have around 1,57,529
pregnant women annually (according to NFHS 4)Y7.
The treatment costs on the other hand for a year in
10,000 individuals!® will cost around USD39.6 million
(INR 3250 million). Screening cost is thus only 0.01%
of the treatment costs int the country. Therefore,
from a public health perspective, we conclude that
the investment for screening in antenatal period is an
investment that should be mandated as a compulsory
activity. Although there are government initiatives
encouraging antenatal screening for thalassemia,
currently they are not mandatory and hence the
antenatal testing is currently purely voluntary which
makes the acceptance poor. There is an urgent need
to increase awareness and also to promote such
activities through the government so as to improve
the acceptance for this activity.

The studies reviewed also confirm the same
findings. Kantharaj et al, 2014 reported that the cost of
preventing the birth of 10,000 patients every year by
screening of antenatal women is estimated to be USD
395 million (INR 6175 million). In contrast, the cost
of treating these 10,000 patients over an estimated
life span of 40 years is USD 4274 million (INR 66,800
million) thus highlighting that prevention is only
one-tenth of the treatment costs*.Koren et al reported
in a study done in Northern Isreal in the year 2014
that the cost of preventing one affected newborn
was USD 63,660 compared to USD 1,971,380 for
treatment of a patient during 50 years (mean annual
cost: USD 39,427)°, Ahmadzenhad et al from Iran
also reported that the total cost of preventing one
case of Thalassemia (100 USD) is less than a single
year of optimum treatment for a case with major
Thalassemia (6500 USD)!*. Our study is unique we
did this costing exercise for India which has the
largest burden of thalassemia and that considering
the healthcare delivery heterogeneity, we evaluated
each economic strata separately and still showed
benefit of prevention.

Conclusions

This study provides a practical and convenient
approach to evaluate policies, laws and other
factors such as family income, education level and
employment status influencing access to health
facilities. This study provides evidence regarding the
impact of prenatal screening. There is an urgent need
for the mandatory inclusion of antenatal screening
and prenatal diagnosis in at-risk couples after
proper genetic counseling as part of the thalassemia
control program in India. The role of civil societies
is paramount in this regard. It is noteworthy that
a significant fraction of annual income is spent on
treatment by families from any economic strata.
India thus is in dire need for a dedicated centrally
co-ordinated thalassemia screening and treatment
program which engages all stakeholders for
sustainability.
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