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 Background: Spinal muscular atrophy (SMA) is a rare genetic disease with a devastating nature and associated 
with significant clinical and economic burden. Fortunately, the availability of genetic screening and prevention 
technologies made preventive strategy possible. The aim of this study is to assess the return on investment from 
a prevention program that includes premarital genetic screening, preimplantation genetic diagnosis, and in vitro 
fertilization pertaining to SMA, spanning five-year period from the financial perspective of the Ministry of Health 
(MOH) in Kuwait.  

Methods: A stochastic financial model was developed following a return on investment (ROI) approach spanning 
five-year period.  

Results: An average ROI estimated to be 11% with cost saving amounted to 466,159 KWD (1,524,339 USD). The 
financial burden if the prevention program was not implemented is 16,441,539 KWD (53,763,832 USD). 

Conclusion: This study is one of the very few in the region to estimate the benefits of implementing a prevention 
program pertaining to SMA from the financial perspective of the MOH in Kuwait. 

Keywords: zolgensma, premarital genetic screening, preimplantation genetic diagnosis, in vitro fertilization, 
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INTRODUCTION 

Spinal muscular atrophy (SMA) is a devastating rare 
genetic disease with poor prognosis, which follows an 
autosomal recessive mode of inheritance, requiring both 
parents to be a carrier of the SMA1 defective gene in order to 
pass the disease to their offspring (Kolb and Kissel, 2015). In 
the year 2019, the Food and Drug Administration (FDA) 
approved a single shot gene therapy onasemnogene 
abeparvovec (zolgensma) for the treatment of less than two 
years of age pediatric patients with bi-allelic defective SMA1 
gene (US Food and Drug Administration, 2019). It has been the 
most expensive drug in the market costing 2.1 million United 
States dollars (Broekhoff et al., 2021).  

The high cost led the National Institute for Clinical 
Excellence in the United Kingdom into two years of ongoing 
economic evaluation before it made the drug accessible to the 
affected patients under public pressure (Nuijten, 2021). Kuwait 
provides universally free healthcare to its citizens and was the 
second country in the world to make this drug accessible to 
patients without charges. Beside the cost of gene therapy there 
are the direct medical costs incurred by Intensive Care Unit 

admissions with mechanical ventilation support, frequent 
hospital visits, corrective surgeries among other treatment 
modalities (Armstrong et al., 2016). Such disease can burden 
the healthcare system financially and imposes a significant 
impact on constrained healthcare resources.  

Amid attesting to this significant problem, a glimpse of 
hope exists through an evidence based preventive program. A 
premarital genetic screening (PMS) to detect the defective 
gene carriers followed by preimplantation genetic diagnosis 
(PGD) to identify healthy gametes (male sperm or female 
ovum) and in vitro fertilization (IVF) offers a viable path to a 
healthy offspring (Gyngell et al., 2020). Currently in Kuwait, 
blood screening for infectious diseases and inherited blood 
disorders at the premarital clinic in the Ministry of Health 
(MOH) is required for obtaining a marriage license and 
mandated by legislation (Rouh AlDeen et al., 2021). In this 
study the aim is to assess the return on investment (ROI) from 
a prevention program that includes PMS, PGD and IVF 
pertaining to SMA, spanning five-year period from the 
financial perspective of the MOH in Kuwait. 
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METHODS 

A stochastic financial model was developed in Excel 
version 16.54, following an ROI approach spanning five-year 
period. Benefits (positive discounted cash flows) are the 
averted direct medical costs of SMA prevented cases, while 
costs (negative discounted cash flows) are the costs incurred 
from the PMS, PGD, and IVF. Cost saving results from the sum 
of benefits after taking away the sum of costs, while ROI is the 
percentage ratio of the cost saving to the sum of costs. 
Furthermore, financial burden was estimated as the total 
direct medical costs of SMA cases if the program was not 
implemented.  

Prevention Program 

The screening strategy requires one partner to be screened 
for carrier state. If the tested partner is negative or if one of the 
partners is negative, there is no chance the couple will pass the 
disease to their offspring. As a result, if the tested partner was 
positive then the other one must be tested. If both were tested 
positive, then they are advised to go through genetic 
counseling, PGD and IVF. Historical data from 2010 to 2019 for 
the annual number of applicants screened at the premarital 
screening center in MOH were obtained from a Kuwaiti report 
(Rouh AlDeen et al., 2021) and was used to project the number 
of applications for five years from 2023 to 2027 based on 
exponential population growth (Schacht, 1980) using the 
following formula: 

P=Po×eRT, 
where P is the total population after time “T” in years, Po is 
the starting population, R is the rate of growth in percent, T is 
the time in years, and e is the Euler number (2.71828). 

The number of additional screening when the tested 
partner is positive was estimated following one of the highest 
reported SMA carrier frequency rate in the literature which is 
1/20 (Shawky and El-Sayed, 2011). The results show that the 
total number to be screened ranged from 14,034 to 14,552 over 
five years in Table 1.  

However, a wider range will be assumed arbitrarily in the 
model ranging from 14,034 to 15,000 as shown in Table 2.  

The cost of screening per unit for a SMA carrier state in a 
single panel was obtained by inquiries from the private sector 
since the fact that screening has not yet been implemented in 
the MOH. While the costs of genetic counselling, PGD and IVF 
obtained from Abuhadida et al. (2022).  

Epidemiology and Costs of SMA 

The costs of SMA were obtained from a previous orphan 
diseases study (Abuhadida et al., 2022) and included the gene 
therapy, pediatric intensive care admissions, emergency room 
visits, corrective surgeries and other medical supports. While 
the number of annual cases of SMA was reported by experts’ 
opinions in national genetic laboratory of Kuwait Medical 
Genetic Center from the aforementioned study. The discount 
rate is 3% in accordance with World Health Organization 
(WHO) recommendations for public health interventions 
(Bertram et al., 2021).  

Sensitivity Analysis 

This study assumed a pessimistic scenario where only half 
or less than half of the cases are prevented through the 
program annually. All the parameters or inputs in the model 
are shown in Table 2.  

A univariate sensitivity analysis was performed to assess 
the impact of each parameter on ROI. In addition, the model is 
made stochastic reflecting a multivariate probabilistic 
sensitivity analysis where all parameters are given a 
probability distribution. A gamma distribution was assigned 
for costs because they are known to be rightly skewed with 
positive values (Cantoni and Rochetti, 2006).  

A beta distribution was assigned for discount ratebecause 
values are bounded between 0 and 1 (Hu et al., 2020). A 
uniform discrete distribution was assigned for parameters that 
do not exhibit particular probability distribution. A Monte 
Carlo simulation was performed with 10,000 iterations and 
probabilistic averages and their distributions were estimated 
for amount of cost saving, ROI and financial burden. Results 
are reported in Kuwaiti Dinars (KWD) and in United Sates 
Dollars (USD) with an exchange rate of 1 KWD equivalent to 
3.27 USD dated April 22nd 2022 (https://www.xe.com/).  

Table 1. Projected number of applicants 
Year Projection First partner screen Additional screening Total 
2023 26,732 13,366 668 14,034 
2024 26,975 13,488 674 14,162 
2025 27,221 13,611 681 14,292 
2026 27,468 13,734 687 14,421 
2027 27,718 13,859 693 14,552 

 

Table 2. Model parameters 
Parameter Distribution Values (, ) 
Number of applicants annually Uniform 14,034-15,000 
Unit cost of premarital screen Gamma 83.3 (43.9, 1.9) 
Unit cost of preimplantation genetic diagnosis and in vitro fertilization Gamma 3,833.3 (13.6, 282.6) 
Cost of spinal muscular atrophy Gamma 657,834.2 (378.5, 1738) 
Discount rate Beta 3% (8.7, 281.3) 
Number of prevented cases annually Uniform 1-3 
Total number of cases annually Uniform 3-7 

 

https://www.xe.com/
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RESULTS 

Over five-year-period, the average cost saving amounted to 
466,159 KWD (1,524,339 USD), the median 471,869 KWD 
(1,543,011 USD) and distribution shown in Figure 1. 

The average ROI expected to be 11%, the median 9% and 
distribution shown in Figure 2. The probability of achieving a 
positive ROI is 63%.  

The average financial burden in case the MOH did not 
implement the prevention program is expected to be 
16,441,539 KWD (53,763,832 USD), the median 16,391,473 
KWD (53,600,116 USD) and distribution shown in Figure 3. 

 Meanwhile, univariate sensitivity analysis in Figure 4, 
shows that the number of prevented cases had the most impact 
on the ROI, followed by the costs of PMS, SMA costs, number 
of applicants, and lastly PGD and IVF costs.  

DISCUSSION 

The result of the study is very encouraging and leave no 
doubts about the benefits of implementing such program at 
least from the financial perspective and budget constraint. 

The model has several strengths. Firstly, the stochastic 
nature of the financial model gives it a robustness especially 

from uncertainties inherent in the acquired data. Secondly, as 
seen from the univariate sensitivity analysis, the number of 
cases prevented had the most impact on the results, 
meanwhile the model follows a pessimistic scenario where 
only 50% or less of the cases were prevented, yet the results 
had high probability of being cost saving. The pessimistic 
scenario is also supported by a previous study in the premarital 
screening center in MOH showing that PMS and genetic 
counselling was effective in preventing 50% of the cases of 
Thalassemia disease (Rouh AlDeen et al., 2021). Thirdly, in the 
prevention strategy, the numbers screened in the model were 
slightly higher than the projected ones even though they were 
estimated on the highest reported carrier frequency of 1/20 
(Shawky and El-Sayed, 2011) while worldwide the reported 
carrier frequency ranged between 1/40 to 1/60 (Prior and 
Professional Practice and Guidelines Committee, 2008). 
Fourthly, the screening costs are likely to be overestimated 
because they were obtained from the private sector in Kuwait. 
Meanwhile, the unit cost of screening was estimated in the 
MOH to be around 33 KD for the first year and depreciating 
further over five years. It is safer from the financial risk 
management perspective to overestimate than underestimate 
acquisition costs. Lastly but not least, the study has short 
duration running over five years, unlike most economic 
evaluation studies which assume lifetime costs and benefits 
without paying attention to possibilities of technological 
innovation or disruptions.  

 
Figure 1. Monte Carlo simulation for cost saving 

 
Figure 2. Monte Carlo simulation for ROI 

 
Figure 3. Monte Carlo simulation for financial burden 

 
Figure 4. Univariate sensitivity analysis for ROI 
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The model has several limitations. Firstly, the high cost of 
SMA disease is attributed mainly to the gene therapy cost and 
excluding this cost will not make the result cost saving. In that 
case, an economic evaluation such as cost-utility analysis 
(CUA) maybe warranted. The reason for this is that CUA 
incorporated the values of health benefits of prevention such 
as quality adjusted life years (QALYs) in the model (Robinson, 
1993). QALYs can add further value to the model in two ways, 
either making the model cost-effective or converting QALYs 
into monetary value through willingness to pay per QALYs 
(Johannesson and O’Conor, 1997). Subsequently, the previous 
point does lead us to the second limitation of not 
incorporating health benefits such as QALYs or other 
psychological and emotional factors in the model. Adding 
these factors will reinforce our results. However, it was 
intentional not to include these for several reasons. Firstly, the 
concept of QALYS or social value is not universally approved 
and less understood from the perspective of policy makers and 
healthcare leaders (National Council on Disability, 2019; 
Partnership to Improve Patient Care, 2017; Pioneer Institute, 
2020) unlike direct medical costs which are more tangible and 
directly related to budget constraints. Secondly, faith in the 
valuation of these factors maybe be lost once leaders become 
familiarized about the inconsistencies resulting from using 
different valuation methods used to estimate these factors 
(Mulhern et al., 2014, 2016; Xie et al., 2014). The 
aforementioned estimations together will add a second layer 
of uncertainties to this study, which is quite unnecessary since 
the result is already highly cost saving without adding such 
factors. More importantly, healthcare costs, access to drugs 
and screening strategy is unique to each country. Each country 
needs to assess their own prevention strategy. Moreover, 
within each country as changes in costs and technological 
disruption continue to happen, these strategies need to be re-
evaluated in the light of the new emerging scenarios.  

Ironically the WHO encourages governments to spends 
billions of dollars to prevent metabolic diseases such as 
obesity, diabetes, cardiovascular and respiratory diseases 
(Elmusharaf et al., 2021), which are multifactorial behavioral 
diseases known to be difficult to control (Schwarz et al., 2007) 
and associated with unavoidable risks pertaining to chemical 
and air pollutions in the environment (Clementi et al., 2019; 
Le Magueresse-Battistoni et al., 2018). On the other hand, 
little efforts have been done to prevent SMA and other genetic 
diseases which can be prevented at a high scale and a fraction 
cost.  

One of the crucial challenges to the applications of 
genomic medicine and national genetic screening is the ethical 
dilemma associated with population-based screening. Given 
the severe morbidity and mortality nature of this disease and 
the availability of screening and prevention technologies, calls 
have been made by the American College of Medical Genetics 
for population-based screening for SMA carrier state since 
2008 (Prior and Professional Practice and Guidelines 
Committee, 2008). Several other countries have already 
conducted population-based screening for SMA (Verhaart et 
al., 2017). From the medical ethics point of view, the moral 
pillars of autonomy, beneficence and justice do support the 
using of population-based screening and prevention of SMA 
(Gyngell et al., 2020). Next to the MOH approval is Kuwaiti 

Parliament which is the legislature assigned to approve the 
addition of SMA genetic screening to the existing screening 
tests in the premarital clinic.  

Lastly but not least, for a successful program it is essential 
for Kuwait Medical Genetic Center to monitor the number of 
SMA cases annually to assess the effectiveness of the program 
from real world data perspective.  

CONCLUSION 

This study is one of the very few studies regionally to 
address the financial benefits from the prevention of SMA. The 
results show that over five years, the prevention program has 
high probability of positive returns with an average ROI of 11% 
and a cost saving amounted to 466,159 KWD (1,524,339 USD). 
Furthermore, not implementing the program could impose a 
significant financial burden on MOH amounted to 16,441,539 
KWD (53,763,832 USD). The MOH in Kuwait is highly advised 
to implement the prevention program and monitor its 
effectiveness. 
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