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Abstract

Background: Galactosemia is a congenital metabolic disorder that can damage the health of a newborn. Screening is
an important step to prevent and treat this condition. Due to increasing health care costs and limited financial re-
sources of health systems, the most suitable economic analysis tool should be applied. The aim of this study was to
analyze the cost-utility of neonatal screening program for diagnosing galactosemia in Fars province, Iran.

Methods: In this cross-sectional study and cost-utility analysis in the cost of screening for galactosemia and its finan-
cial effects, decision tree model and society’s viewpoint were used. The population of study was 81837 infants referred
to Neonatal Screening Laboratory (Nader Kazemi Clinic) affiliated to Shiraz University of Medical Sciences (SUMS),
Iran, in 2010. Quality of life in two groups of patients was evaluated by using the time trade-off. The best intervention
option was selected by using the Incremental Cost-effectiveness Ratio.

Results: The estimated cost of diagnosed through screening and without screening were 43519911 and 130011168
Iranian Rails (4222.00 $ and 12615.00 $), respectively. Therefore, there was a saving of 201443240.99 Iranian Rails
(19641.00 $), for each patient annually.

Conclusion: The screening program can improve both the qualitative and quantitative lifestyle of people and increase
savings in health care system. Policymakers could use the results to design new policies based on the necessity of
screening.
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Introduction

Genetic and congenital abnormalities are major
factors in prenatal and neonatal mortalities (1).
Each year, approximately 7.6 million children
with severe congenital or genetic abnormalities
are born; 90% of which occurs in low-income
countries (2). Galactosemia is a genetic disorder
with 25% chance of occurrence in the first-born
child. This disease is caused by deficiency in ga-
lactose 1-phosphate enzyme that leads to meta-
bolic disorder of galactose (3-6). Even though, its
prevalence in Iran is relatively unknown but in
Fars province it is 5:24000 (4,7).
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Infants with this condition are usually born with-
out any signs and symptoms. They will begin to
emerge after breastfeeding (8, 9). The early symp-
toms include poor nutrition, jaundice, vomiting,
and convulsion. In long-term, liver and kidney
problems, cataracts, heart diseases, infections,
neurological disorders, and ovarian dysfunction
will appear (5, 10-13).

Early diagnosis in neonatal period, accompanied
with galactose free diet can help to prevent long-
term complications (14). Hence, the most impor-
tant step in preventing and treating a patient suf-
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fering from metabolic disorders is its early diag-
nosis (15, 16). Through screening process, a pa-
tient is diagnosed with a simple and inexpensive
test and in entered into treatment cycle (15).
World Health Organization (WHO) has empha-
sized on implementing preventive programs for
genetic and congenital diseases in low-income
and middle-income countries (17). Therefore,
newborn screening should be considered as a
priority in developing countries (18). Fortunately,
neonatal screening is being implemented in most
developed countries, while is growing in develop-
ing countries (19-21). According to each country
condition, different tests are used (22). Neonatal
screening for galactosemia is primarily aimed to
diagnose clinical galactosemia (23). There are
several tests available for it (19), and the simplest
way is through urine (14).

Nowadays, many countries have delayed or ig-
nored many important programs including
screening (19). This is related to lack of re-
sources, soaring health care costs and financing
problem in health systems. Due to its important
economic aspect, policymakers should pay more
attention to allocate adequate budget for health
services (24).

Therefore, selecting an appropriate method with
high level of effectiveness and lower cost is es-
sential (25). The cost-utility analysis is one of the
most appropriate techniques for economic evalu-

ation; it considers life expectancy as well as
quality of life. Use of these techniques in health-
care domain can provide an alternative solution
for policy-makers (1, 26, 27).

To implement a program in macro level when
there is no evidence available, at first a pilot
project should be conducted, to be analyzed and
then applied (28). In 2004, neonatal screening
program was launched in Iran (29). Unfortunate-
ly, there is no confirmed study on the subject of
galactosemia screening cost-utility in Iran. Hence,
we have decided to analyze it by comparing cost
per unit of utility in the city of Shiraz, Iran in
2010.

Materials & Methods

This is a cross-sectional and an economic evalua-
tion study. The population of study was 81837
infants referred to Neonatal Screening Laborato-
ry (Nader Kazemi Clinic) affiliated to Shiraz Uni-
versity of Medical Sciences (SUMS), Iran, in
2010.

We applied the decision tree model. The first step
was to define accurately our objective. The next
step was to increase the population by determin-
ing the possibilities. Finally, costs and outputs of
each path were estimated. Fig. 1 shows the deci-
sion tree model for galactosemia screening.
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Fig. 1: The decision tree of neonatal screening program for galactosemia
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Cost analysis

Data was collected based on society’s viewpoint.
This viewpoint determines costs should be taken
into account. Based on patient’s viewpoint, we
have just calculated only the direct costs. Other
indirect and intangible costs were not taken into
consideration.

Thus, only direct costs of SUMS, insurance ot-
ganizations, charities and costs that a patient has
to provide for treatment through screening
process have been considered, similarly, direct
costs of treatment for those who did not go
through screening process have been included.
Then costs in both groups were compared.
Treatment costs of neonates whose test tesults
were positive include; laboratory and clinical test,
baby formula, visiting physician, wages, special
diet, dentistry, medicine, paraclinical tests, as well
as the cost of screening. The costs of screening
are, running and capital costs. Running costs in-
clude; personnel costs, disposable goods, main-
tenance of buildings and facilities, and postage
cost for sample transfer. In addition, capital costs
include; depreciation of public and private facili-
ties.

The total cost of care for galactosemia patients
who did not go through screening process was
calculated. To do so, medical documents, physi-
cians' comments, estimated number of admission
per year, and the list of received services was ana-
lyzed. Then, the tariffs of private sector (after
deduction of profit) were used in order to calcu-
late the cost of each service package.

Utility analysis

In order to calculate utility, time trade-off me-
thod was applied. In this method, interviewees
had to choose between two health patterns: one
is longer life expands with more health complica-
tions and the other is a shorter life expand but
better quality of life. They were asked to choose
between either life expand or quality of life (26).
To assess the utility, interviews were conducted
with nurses in charge of these patients, since they
were more aware of their condition. Nurses were
selected according to their experience and know-
ledge of the hospitalized patients. Sample size

114

was 36 nurses with 95% probability, a standard
deviation of 3 and minimum error difference of 2
using the following formula:

N = (Z 1—aj2 + Z1-p)* X S?

= P

(N= desired sample size, a= type I error, B= type
IT error, d= difference between population and
sample mean values)

Simple random sampling method using a table of
random numbers was used. After selecting the
samples and obtaining written informed consent,
36 nurses were interviewed. In these interviews,
the two versions of forms (one for patients re-
ceived screening and treatment and the other for
patients suffering from the disease) were pre-
pared. In both forms, a description of the disease
and the patient’s status, the treatment method and
diet were mentioned. The interviewees were asked
whether they preferred to live 10 yr longer with
critical a condition that ultimately leads to death or
living less but with a better health condition.

To present cost-effectiveness analysis and to
compare different intervention options Incre-
mental Cost-Effectiveness Ratio was used
(ICER).

After calculating the implementation cost of
neonatal screening and the costs of treating
people diagnosed through screening process,
these costs summed up and deducted from the
cost of treating galactosemia patients. Then, the
result was divided by QALYs (Quality-Adjusted
Life Year) gained from time trade-off. The ob-
tained figure is ICER.

Given that, the benefits and results of neonatal
screening will prevail over time, to calculate the
present value of screening results (higher life ex-
pectancy and quality); future costs of treatment
and future quality of life were reduced, by using
3% discount rate.

Sensitivity analysis

The sensitivity analysis was used in order to re-
duce the impact of bias or measurement errors.
To determine the acceptable range of parameters
in this study, two methods were used. At first,
20% cost variables including; discount rates, pre-
valence rates and life expectancy were added and
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subtracted from each variable. For utility parame-
ter, the confidence interval was calculated at 95%
probability and was added to and subtracted
from the mean; therefore, that the top and bot-
tom range for utility and cost was determined.
Afterward, one-way and two-way sensitivity ana-
lyses were performed. To present the results of
one-way sensitivity analysis, the index of "Net
Monetary Benefit" (NMB) was used and for two-
way sensitivity analysis the “Worst—Best Analy-
sis" (WBA) was used.

Results

To implement neonatal-screening program, all
newborn in the province were screened for dis-
eases such as galactosemia, phenylketonuria, con-
genital hypothyroidism, and favism. The cost of
screening and treatment for 81837 newborn, re-
ferred to the neonatal screening laboratory of
SUMS, were calculated (Table 1).

Table 1: The cost of infants screening and treatment at SUMS, 2010

costs of galactosemia

Costs (Iranian Rails) Costs (US dollars*)

Cost of neonatal screening program
Costs of galactosemia treatment (with screening)
Costs of galactosemia treatment (without screening)

811,088,637 78,703
43,519,911 4,222
130,011,168 12,615

*Average rate per dollar was 10,305.66 Iranian Rails in 2011 (30)

The cost of galactosemia screening for 81837 in-
fant was 811088637 Iranian Rails (§ 78,703), and
9911 Iranian Rails per person. Furthermore, the
tariff approved by the Ministry of Health and
Medical Education for galactosemia screening in
2010 was 5600 Iranian Rails. In fact, the total
cost of screening was 64846 Iranian Rails and the
ratio for galactosemia was 7.42 percent (4811
Iranian Rails) of the total cost. Hence, the diffe-
rentiation in price is spent on the treatment of
patients and follow-ups.

If the result of screening was positive, the patient
was referred to an appropriate clinic for treat-
ment and follow-ups. From 81837 newborn 47

cases were diagnosed with galactosemia. The cost
of treating these infants in the first three years of
their lives is described in Table 2.

Based on table 2, the maximum cost of treating
galactosemia infants belongs to the first year of
life (43519911 Iranian Rails).

The cost of treating galactosemia patients was
estimated at 130011168 Iranian Rails. The men-
tioned cost is related to their life expand calcu-
lated with the discount rate for the future. To
calculate the utility, direct time trade-off method
was used. The results of time trade-off method
and measuring quality of life in both screened
and non-screen modes are presented in Table 3.

Table 2: Galactosemia treatment costs in first three years of life

Years of life

Costs of treatment
(Iranian Rails)

Cost (US Dollars)

Galactosemia treatment costs in the first year of life

Galactosemia treatment costs in the second year of life
Galactosemia treatment costs in the third year of life

43519911 4222
43510000 4221
14610000 1417

Table 3: Results of executing time tradeoff for galactosemia patients at SUMS, 2010

Terms of screening

Without screening

With screening

The number of nurses interviewed 36 36
Mean of utility 0.4750 0.8958
Standard Deviation 0.2771 0.1513
Maximum 1
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Minimum

0.4

Based on Table 3, the utility of galactosemia
without screening process was 0.4750, but for
those who went through the screening process
the utility was upgraded to 0.8958 close to 1.
Morteover, the results from economic evaluation
of neonatal screening for galactosemia showed
that the ratio of ICER was 201443240.99 ($§
19641.00).

Incremental cost-effectiveness ratio showed that
the screening for galactosemia is predominant
and is more cost-effective than not being
screened. Not only the cost of screening was
lower than treatment costs without being
screened, however, quality of life in the screened

patients was better. Hence, when screened total
saving was 20144324099 Iranian Rails ($
19,641.00) per patient.

To display the results of one-way sensitivity anal-
ysis and the effect of each variable on the out-
come of the program, the NMB index was equal
to 202170.7763.

Due to positive value of NMB, the screening cost
for galactosemia was less than its benefits
(QALYs achieved through screening).

Then, multi-way sensitivity analysis was per-
formed in WBA way. The results are shown in
Table 4.

Table 4: Two-way sensitivity analysis to show fluctuations of costs and utility in galactosemia screening at SUMS,

Utility . . o
Cost Minimum utility
Minimum cost 366115598.15
Average cost -282782675.76
Maximum cost -199449752.25

The wotst scenatio

Average utility

Maximum utility

-260333167 -201975567.14
The best scenatio

-201077774.14 -156003162.95

-141822380.48 -110030758.13

Multi-way sensitivity analysis showed that screen-
ing in the event of the worst scenario could save
199449752.25 Iranian Rails (§ 19,353.41) per ga-
lactosemia patient and in the event of the best
scenario; the saving could be 201975567.14 Ira-
nian Rails (§ 19598.5) per galactosemia patient.
Furthermore, based on the results of one-way
and two-way sensitivity analyses, the results are
valid.

Discussion

This study aimed to analyze the cost-utility of
neonatal screening program and non-screening
treatment of galactosemia patients.

The results showed that by implementing screen-
ing program, the cost of treatment is reduced to
about one-third, compared to non-screening
treatment.

116

The average utilities of screening and non-
screening treatments using the time trade-off me-
thod were 0.896 and 0.475, respectively. This
means that the utility will almost double through
screening. Screening process health of galactose-
mia patients improved by 1.33 times, in compari-
son to its costs, therefore, implementing a screen-
ing program is cost-effective (27) which is consis-
tent with our study.

ICER in our study showed that through the im-
plementation of screening, 201443240.99 Iranian
Rails ($ 19,641) could be saved per patient.

Based on our findings of one-way sensitivity
analysis, the cost of screening for galactosemia is
less than the achieved benefits (QALY's obtained
from screening), and consequently, implementa-
tion of screening is cost-effective.

The ICER of screening compared with the lack
of screening was approximate $12000 per QALY.
That is the screened population benefited from
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QALY more than the unscreened population.
Therefore, the neonatal screening in Texas was
cost-effective compared with lack of screening
(31) which is also consistent with our study.
Furthermore, the annual cost of neonatal screen-
ing for galactosemia was $489749.95. There were
economic advantages for neonatal screening in
comparison with lack of screening. The benefit
will increase by reducing the economic interest
rate (32).

The differences between incremental effective-
ness in the case of implementation of screening
and non-screening were 0.00005, which means an
increase in each QALY. Moreover, the ratio of
incremental cost-effectiveness (cost obtained per
QALY) was $§ 94,000. If it reaches $ 90000 per
QALY, screening for galactosemia is no longer
economical. Initial diagnosis of galactosemia can
prevent infants’ deaths; however, by doing so the
lifetime costs goes up due to complications (33).
Hence, the result of this study is inconsistent
with ours. This could be related to several factors
such as differences in the structure of research,
cost approach, and context of each country,
which can be problematic for international gene-
ralization (34).

In addition, one of the criteria accepted by Wil-
son and Jungner to incorporate a test for the
screening program is its positive cost-benefit
(35). Cost-benefit analysis of screening for galac-
tosemia was 0.2 and this value could increase
when it is combined with other diseases (30).
This outcome increases the acceptability of galac-
tosemia screening.

There are several barriers to screening such as the
society’s attitude towards the disease (37), costs,
availability of diagnostic and therapeutic facilities,
staff training, living in remote areas, difficulty in
follow-ups, political and financial commitment
from ministry of health to provide screening and
management of the disease (37, 38), prevalence
of the disease (38-40), national priorities, and
costs versus benefits of screening and treatment
(38).

However, factors such as screening quality by
reducing the number of false positive results can
reduce costs (33), the use of health care informa-
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tion systems for neonatal screening (40), the use
of inexpensive diagnostic techniques for develop-
ing countries that have limited resources (19),
proper organization of logistics for screening,
establishing a centralized laboratory (22), and the
combination of different tests in one screening
program can play a significant role in increasing
the cost-effectiveness of screening program. Fi-
nally, if we go one-step back, i.e. provide families
with genetic counseling, it is possible to reduce
national burden of genetic disorders.

There were two limitations in this study; the ben-
efits of screening only calculated for the patients,
but if the family benefits were also included, the
effectiveness of screening program would in-
crease dramatically. Another limitation was that
we merely had access to data provided by SUMS.
Therefore, we were forced to conduct our study
in the city of Shiraz, Iran.

Conclusion

Screening program is both socially acceptable and
cost-effective. With respect to costs saving issue
as well as increase in patient's quality of life, those
who participated in the screening program it
seems that prolonging the program is feasible.
Further studies could examine the cost-utility of
screening program for different kind of diseases
by considering indirect and intangible costs as
well. This could be a starting point for
policymakers to initiate extensive screening pro-
grams that can help to reduce cost and improve
quality of life.
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