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Abstract 

 

Congenital Hypothyroidism (CH), considering high prevalence and incidence and heavy 

costs of the disease complications including mental retardation is one of the most 

important issues of health system.  The aim of this study is analyzing cost-benefit of 

screening program for CH in order to guide resources toward optimal utilities, more 

access to the plan development and extension, justifying policy and decision makers of 

finance resources to conduct the plan and presenting a mathematics model to the province 

authorities to assess study function and economical feasibility of the program in the 

region.  

Materials and methods: This descriptive- sectional study has passed the following stages 

in order to analyze cost-benefit of the program implementation in 2008: 

1- Gathering data from seasonal reports and forms related to the screening for CH in 2008  

2- Providing table of needs and tariff of laboratories services, physicians visits, 

medication and treatment of newborns under coverage of national screening program and 

also services related to education and care of under coverage newborns in case of non-

screening  

3- Focusing on appropriate discount rate (annually 3%)  

4- Considering 6 scenarios for education and care of the newborns with mental 

retardation (in order to estimate part of direct costs of non-screening) according to the 

existing conditions of the country  

5- Calculating all variables of direct costs of conducting the program and its benefits and 

also  cost-benefit ratios  
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6- Determining current value of all costs in order to calculate and analyze cost-benefit of 

the program up to the end of life  

Excel software has been used to analyze data and to draw tables and figures.  

23 mathematics formulas have been defined for valuables of direct costs of screening 

which resulted in the following final formula:  

Total cost of screening, morbidity and medical care of the patients up to the end of life= 

[screening cost+ total cost of detecting patient+ total cost of medical cares during the first 

3 years of life+ total cost of medical cares from 4 to 70 years old]   

15 formulas have been defined for benefit variables (direct costs related to education and 

care of mental retarded children, imposed on government and families in case of non-

screening) that finally resulted in 6 formulas, considering the purposed scenarios. For 

example, according to the 1
st
 scenario, final formula is obtained as follows: 

Total costs of education and care of 100% of mental retarded children in public sector 

(daily) = [ cost of education of 100% of mental retardation patients in public sector 

(daily) from 6 to 18 years old+ cost of care of 100% mental retarded patients in public 

sector (daily) from 19 to 70 years old].  

Conclusions: direct costs of screening for CH related to cost of non-screening are 

negligible and could be considered as an appropriate investment for the future, especially 

non-direct and psycho-mental costs of suffering from this disease which shall be 

recoverable for the families and community. Applying mathematics model of cost-benefit 

calculation shall be effective by improvement of understanding of healthcare directors 

and personnel in addition to improvement of their work incentive to attract participation 

of local societies and organizations benefited from privileges of screening program and 

shall increase prosperity of the main goals of the program like as introducing other 

newborns conditions in the program.  

 

Keywords: Newborn Screening Program, Congenital Hypothyroidism, Cost-Benefit 

Formulas, Cost-Benefit Analysis, Annual Discount Rate of 3% 
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1- Introduction 
 

Congenital Hypothyroidism (CH) is one of the medical problems which could be detected 

by newborns screening.
(1)

  

This disease has no sign and symptom at the first months of life. Then Ministry of Health, 

Treatment and Medical Education have decided to integrate the program of screening for 

CH into Iran health system in 2005.
(2)

  

Newborns with CH suffer from thyroxin deficiency that would effect on the newborn's IQ if 

left untreated for more than 2 weeks,
(3)

 and shall resulted in mental retardation in the future.  

Incidence of CH is 2/20-2/38 per 1000 in Iran which is several times more than that 

announced as the world average.
(4)

  

Higher rate of CH incidence in Iran needs more researches to find its reasons.  

One of the important factors in accepting a health-treatment plan is its explainable 

benefit-cost ratio and effectiveness.
(5)

  

There is no analytical study of cost-benefit to assure authorities of budget and support of 

the related ministry to explain economical advantage of the program (who annually pays 

primary costs of screening of more than 1200000 newborns to find CH in 0.2 % of the 

affected newborns) from date of conducting screening program in Iran up to now. 

Analysis of cost-benefit is one of the most comprehensive methods of economical 

assessment in which debits and credits are measured based on the same units, i.e. 

incremental cost-effectiveness ratio (ICER) shall not be calculated. Also this method 

makes it possible to compare return of investment on healthcare sector with return of 

investment on other economical sectors.
(6)

 

One of the main advantages of analyzing cost-benefit to assess public plans is that it 

analyses information of the plan and its information basis for public authorities.
(7)

  

Researcher intellectual discipline is necessary to calculate cost-benefit and to clear hidden 

assumptions for policy makers in order to provide conditions for them to compare 

different public assets consumptions in the same conditions and prevents from loss of rare 

resources.
(8)

 

In this study, a simple but comprehensive mathematics model has been designed to 

determine direct costs of screening and costs of desired scenarios to calculate benefit to 

assure from true costs calculation and decisions are not made based on apocalypse or 

common sense or political counsel, according to advice of Griffin and McKinley.
(8)

 

In this method, costs and benefits of assessing the plan shall be attributed to it in case of 

implementing the plan and otherwise not, and the researcher tries to introduce non-clear 

factors quantitatively in analyzing cost-benefit, if possible.
(9)

  

Analysis of cost-benefit has an important role to welfare economics.
(10)

  

One of the main goals of cost-benefit evaluation is optimum and efficient devotion of 

resources, i.e. selection of the best decisions in order to optimum and desired use of 

resources.
(11)

  

Therefore these kinds of studies are necessary after a treatment or preventive intervention for 

a patient in order to control different processes of the program and to convince policy and  
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decision makers of financial and economical resources of the plan and to attract participation 

of local societies and organizations benefited from privileges of screening program. 

The present study is very important because it supports local executors to study and 

understand economical feasibility of the plan, to solve problem and to employ their 

effective proposals by introducing variables affecting on costs and benefits of the 

program and presenting mathematics model. 

Also this study, through formulating calculation of cost-benefit, emphasizes on the 

importance of cost estimation for personnel of the program in addition to directors and 

planners in order to decrease costs.  

Nowadays, application of mathematics, statistics and economical assessment techniques 

is common in diseases management, accept or non-accept of major health plans and 

programs and also appropriate medical decision making, according to the existing 

resources, total conditions and priorities. Some of these studies are mentioned in 

references.
(12-15)

 

2- Materials & methods 

 In this experimental and applied study, done descriptively and sectional and aimed at 

presenting a mathematics model in order to calculate and analyze cost-benefit of 

screening for CH in Iran, the following stages have been conducted.  

Data related to the screened and recalled newborns, and the state newborns of 2005 with 

CH, are taken from coordinated forms of diseases management center of Ministry of 

Health, Treatment and Medical Education and seasonal reports of the plan executors, i.e. 

41 universities of medical sciences, health-treatment services.  

The program implementation protocol and guidelines have been used to estimate quantity 

and number of needs to any one of services related to the screening program.  

Tariff of the screening program services (like as laboratory, physician, medication, etc.) 

of newborns under coverage of the screening and the affected patients, have been 

determined by enquiring from Metabolic and Endocrines Dept. of Ministry of Health, 

Treatment & Medical Education, Medical Council Organization and by studying different 

regions of Tehran and other cities. Also costs of education and care of mental retarded 

patients (occurring in case of non-screening) are determined according to approved tariffs 

of the State Social welfare Organization, Exceptional Students' Education Dept. of 

Tehran and guild society of private and rehabilitation centers and more study of big, 

small cities and non-wealthy and deprived regions covered by the program, and according 

to centers grading. 

In analysis of cost-benefit, focusing on a fixed discount rate and referring all data to the 

same time, is an important step to agree on an annual discount rate of 3%, according to 

the similar studies in Iran.
(16)

 

To determine current value of the next years' services, related coefficient has been 

calculated using the following formula:  

PVIFi,n=1/(1+i)
n
= 1/FVIFi,n

(17)
 

i= discount rate percentage  

n= next years' services  

Current value of all services has been calculated in Rial of Iran and one dolor equals to 

10,000 Rls.  

 



 

Mathematics model of cost-benefit calculation                                                             685 

 

To estimate some of benefits of implementation of screening for CH, 6 scenarios have 

been considered as follows in order to education and care of mental retarded children 

according to Iran conditions:  

Scenario 1: education and care of 100% of mental retarded patients in public sectors (daily)  

Scenario2: education and care of 100% of mental retarded patients in private sectors (daily)    

Scenario 3: education and care of 50% of mental retarded patients in public sectors and 

50% in private sectors (daily) 

Scenario 4: education and care of 100% of mental retarded patients in public sectors (24-hour).  

Scenario 5: education and care of 50% of mental retarded patients in public sectors and 

50% in private sectors (24-hour) 

Scenario 6: education and care of 100% of mental retarded patients in private sectors (24-hour) 

Variables related to direct costs of the screening program and also variables related to 

screening benefits (only costs of education and care of mental retarded patients, 

according to 6 desired scenarios, have been considered) have been defined as 

mathematics models and have been basis to calculate and analyze cost-benefit.  

The  current value of all variables an benefit to cost ratio of the programs Were calculated  

and analysis.  

Excel software has been used to analyze data and to draw tables and figures.  

 

 

3- Results 
 

 1156169 newborns of live births of 2008, were under coverage of the screening program.  

Primary screening test of TSH has been done for all of these newborns through the first 

month (73% in days 3-5 of life, 24% up to 21 days after birth and 3% after 3
rd

 week).  

4.1 % of the newborns (46247) have been recalled because of their TSH>5 and have been 

tested by diagnostic confirmatory tests (T4, TSH, T3RU). 2745 CH patients of this 

population have been detected and immediately treated. Half of the detected patients were 

transient (treated maximum up to the end of 3-year old) and half of them were permanent. 

These patients shall be treated up to the end of life, so standard life expectancy in Iran, 

i.e. 70 years old, was the basis for calculating cost-benefit. 

Table 1 shows the results of needs to any kinds of services of national screening for CH 

and services tariff related to the program implementation and also direct costs of 

education and care of mental retarded patients (in case of non-screening).  

Tables 2 and 3 show calculative definition of variables effecting on analysis of cost-

benefit of CH screening in Iran and table 4 shows definition of final variables of benefit.  

Formula of cost to benefit ratio of the program pertaining to any one of purposed 

scenarios have been calculated through relation of Σcbc/Σici. which in bc means total cost 

of education and care in any scenario and ci means total cost of screening, patient 

detection, and patients medical care up to the end of life.  

Total cost of screening, patient detection, newborns medical care and detected patients, 

born in 2008 in screening program of Iran up to the end of life varied from 70 million 

Rls. (7000 $) in Gonabad to 3409 million Rials (341000 $) in Khorasan Razavi, directly  
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related to number of screened newborns, population of called newborns, and number of 

patients detected through the program (figure 1).  

Total cost of education and care of one mental retarded patient, according to different 

scenarios varied from 336500183 Rls. (33650 $) in public sector (daily) to 90849089 Rls. 

(90850 $) in private sector (24-hour).  

According to different scenarios, cost of care of mental retarded patients compared with cost 

of education, was amounted to 51 to 83 % of total costs. For example, figure 2 shows 

separated cost of education and care of mental retarded patients according to the first scenario.  

Based on table 5 and the above mentioned mathematics relation, average of cost-benefit 

ratio of the determined scenarios respectively in public sector is 22 times as daily, and is 

34 times as 24-hour, in half public-half private sector is 41 times as daily, and is 60 times 

as 24-hour, and in private sector is 41 times as daily and is 47 times as 24-hour.  

These ratios in 41 regions of the program varied for different scenarios, for example cost-

benefit ratio for the first scenario varied from about 7 times in Sistan & Baluchistan to 50 

times in Kashan. (Figure 3). 

 

 

Table 1- Needs to services and their costs in the 

 program of screening  for CH in Iran, 2008 

  

Type of Service Needs amount Cost (Rls.) 

Screening All of under coverage newborns 26300 

Diagnostic Confirmatory 

Tests (T4, TSH, T3RU) 

Once (for recalled newborns) public sector (51400) and private  

sector (155000) 

T4, TSH Tests in the first  

3 years of life  

16 times (all patients/ 80% in public 

sector) 

public sector (38900) and private  

sector (114000) 

T4, TSH Tests during  

66 years  

Twice a year/ half of the patients  

132 test (80% in public sector) 

Physician visit in the first  

3 years of life  

16 times [ 8 general physician visits 

(public sector) and 8 specialized 

physician visits (50% in private sector)  

* general physician visits 

public sector (24500) and private  

sector (41000) 

* specialized physician visits 

public sector (29750) and private  

sector(89000) 
Physician visit during 

 66 years  

Twice a year/ half of the patients  

132 visits (50& general physician/ 

50% specialized physician) 

Total: 50% visits in public sectors 

and the remaining in private sectors  

Medications  

- during the first 3 years of life 

- during the next 66 years  

One packages of 100 Levothyroxine 

in any season of the year  

- all of the patients (12 packages) 

- half of the patients (264 packages) 

Each package with insurance  

booklet (1400) 

Each package without insurance  

booklet (4600) 
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 Table 1 shows that all newborns under coverage of the screening program, were tested under 

primary screening test of TSH and recalled newborns have undergone diagnostic confirmatory 

tests of T4, TSH, T3RU for one time and the patients with transient type of disease needs T4 and 

T3RU for 16 times during 3 years and the patients with permanent type needs the tests to be done 

for 132 times during 66 years. The patients with transient type of CH need to physician visit for 

16 times during the first 3 years of life and the patients with permanent type of CH need to be 

visited by physician for 132 times during the next 66 years. As medication consumed by the 

patient is one package of 100 Levothyroxine in any season of year, they need to 12 packages in 

the first 3 years and 264 packages in the next 66 years. All of the patients need the pills for the 

first 3 years and half of them (with permanent type of CH) need the pills for the next 66 years. 

Mental retarded patients need to be educated from 6 to 18 years old for 12 years (daily) and need 

to cares for 51 years from 19 to 70 years old (daily or 24-hour). 80% of population covered by the 

screening program have insurance booklet and 20% are considered without insurance booklet.   

 

Table 2- Definition of direct costs variables of the program 

 of screening for CH in Iran, 2008  
No. Cost variable  Calculative definition  

1 Cost of screening  
Number of screened newborns ×unit price of screening services per 
each newborn  

2 Cost of Diagnostic Confirmatory Tests (public sector) 
(Number of recalled newborns× patients with insurance booklet) × 
cost of  Diagnostic Confirmatory Tests (public sector)  

3 Cost of Diagnostic Confirmatory Tests (Private sector) 
(Number of recalled newborns× patients with insurance booklet) × 
cost of  Diagnostic Confirmatory Tests (Private sector)  

4 Total cost of Diagnostic Confirmatory Tests 
Cost of  Diagnostic Confirmatory Tests (public sector) + Cost of 

Diagnostic Confirmatory Tests (Private sector) 

5 Cost of physicians visit for recalled newborns  Number of recalled newborns× general physician visit in public sector   

6 Cost of physicians visit for the first year of life  
K1× [number of patients× 2 physician visits in public sector (one 
general physician and one specialized physician)] 

7 Total cost of patient detection  
Physician visits for recalled newborns + total cost of Diagnostic 

Confirmatory Tests   

8 
Cost of medication using insurance booklet  

( in the first 3 years of life)  

K2×12×(cost of one package of 100 Levothyroxine× number of 

patients × holders of insurance booklet) 

9 
Cost of medication without insurance booklet  

( in the first 3 years of life)  

K2×12×(cost of one package of 100 Levothyroxine× number of 

patients × patients without insurance booklet) 

 

Education of Mental Retarded 

Patients  

6 to 18 years old  Each month in  public sector  

(1050000) 

Each month in private  sector  

(2150000) 

Care of Mental Retarded 

Patients 

19 to 70 years old  * each month as daily:  

public sector (1700000) and private  

sector (2950000) 

* each month as 24-hour:  

public sector (3000000) and private  

sector (5100000) 
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10 
Total cost of medication for treatment of the 

patients in the first 3 years of life   

Cost of medication using insurance booklet (in the first 3 years of life) 
+ cost of medication for patients without insurance booklet (in the first 

3 years of life) 

11 Cost of tests in the first 3 years of life(public sector)   
K2× number of patients ×16× (cost of tests in public sector for each 
time of test × holders of insurance booklet)  

12 Cost of tests in the first 3 years of life(Private sector)   
K2× number of patients ×16× (cost of tests in public sector for each 
time of test × patients without  insurance booklet)  

13 Total cost of tests in the first 3 years of life  
Cost of tests in the first 3 years of life ( private sector) + cost of tests in 

the first 3 years of life (public sector) 

14 Total costs of physician visit in the first 3 years of life  

K2× number of patients × cost of 8 general physician visits in public 

sector and 8 specialized physician (50% in public sector and 50%  in 

private  sector) 

15 Total cost of medical cares in the first 3 years of life 
Total cost of visiting patients in the first 3 years of life + total cost of 

tests first 3 years of life + total cost of medication first 3 years of life  

16 Total costs of physician visit from 4 to 70 years old  
K2× patients with permanent CH × [33×total cost of specialized 
physician visits in public sector and private sector 

17 Cost of tests from 4 to 70 years old(public sector)    
K5× [ patients with permanent CH × holders of insurance booklet) × 

 ( cost of each test in public sector × 122)] 

18 Cost of tests from 4 to 70 years old(Private sector)    
K5× [ (patients with permanent CH × patients without insurance 

booklet) × ( cost of each test in private sector × 122)] 

19 Total Cost of tests from 4 to 70 years old 
Cost of tests from 4 to 70 years old (public sector) + Cost of tests from 
4 to 70 years old (private sector) 

20 
Cost of medication from 4 to 70 years old 
 (with insurance booklet) 

K5 × [patients with permanent CH × holders of insurance booklet) ×264 
× cost of one package of 100 Levothyroxine with insurance booklet]  

21 
Cost of medication from 4 to 70 years old 

(without insurance booklet) 

K5 × [patients with permanent CH × patients without insurance 

booklet) ×264 × cost of one package of 100 Levothyroxine without 
insurance booklet]  

22 Total Cost of medication from 4 to 70 years old 
Cost of medication from 4 to 70 years old with insurance booklet + Total 

Cost of medication from 4 to 70 years old without insurance booklet 

23 Total cost of medical cares from 4 to 70 years old 
Total Cost of tests from 4 to 70 years old+ Total cost of physician visits 
from 4 to 70 years old + Total Cost of medication from 4 to 70 years old  

24 
Total cost of screening, patient detection and 

medical care of patients up to the end of life  

[Screening cost+ total cost of patient detection+ Total cost of medical 

cares in the first 3 years of life + Total cost of medical cares from 4 to 
70 years old]  

 

 

  In table 2, K1 and K5 are discount coefficient to determine current value of services in the first 

year of life up to the next 66 years old and variable mentioned in No.24 is considered as final 

variable of screening cost.  

Table 3- Definition of benefit variables according to determined  

scenarios in case of non-screening for CH in Iran, 2008 
Benefit Variable  Calculative Definition  

Cost of education of 100% of  patients with mental retardation 

in public sector (daily) from6 to 18 years old  

K3 × [ number of patients× cost of education of one patient per 

month in public sector (daily) ×12×12] 

Cost of education of 50% of  patients with mental retardation in 

public sector (daily) from6 to 18 years old  

K3 × [ half of the patients× cost of education of one patient per 

month in public sector (daily) ×12×12] 

Cost of education of 50% of  patients with mental retardation in 
private sector (daily) from6 to 18 years old  

K3 × [ half of the patients× cost of education of one patient per 
month in private sector (daily) ×12×12] 

Total Cost of education of patients with mental retardation ( 

50% in public sector  and 50% in private  sector/daily) from6 to 
18 years old  

Cost of education of 50% of  patients with mental retardation in 
private sector (daily) from6 to 18 years old + Cost of education 

of 50% of  patients with mental retardation in public sector 

(daily) from6 to 18 years old  
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Cost of care of 100% of  patients with mental retardation in 
private sector (daily) from6 to 18 years old  

K3 × [ number of patients× cost of education of one patient per 
month in private sector (daily) ×12×12] 

Cost of care of 100% of  patients with mental retardation in 

public sector (daily) from19 to 70 years old  

K4 × [ number of patients× cost of care of the mental retarded 

patients per month in public sector (daily) ×51×12] 

Cost of care of 100% of  patients with mental retardation in 

public sector (24-hour) from19 to 70 years old  

K4 × [ number of patients× cost of care of the mental retarded 

patients per month in public sector (daily) ×51×12] 

Cost of care of 50% of  patients with mental retardation in 
public sector (daily) from19 to 70 years old  

K4 × [ half of the patients× cost of care of the mental retarded 
patients per month in public sector (daily) ×51×12] 

Cost of care of 50% of  patients with mental retardation in 
private sector (daily) from19 to 70 years old  

K4 × [ half of the patients× cost of care of the mental retarded 
patients per month in private sector (daily) ×51×12] 

Total Cost of care of patients with mental retardation ( 50% in 

public sector  and 50% in private  sector/daily) from 19 to 70 

years old  

Cost of care of 50% of  patients with mental retardation in 

private sector (daily) from19 to 70 years old + Cost of care of 
50% of  patients with mental retardation in public sector (daily) 

from19 to 70 years old 

Cost of care of 100% of  patients with mental retardation in 
private sector (daily) from 19 to 70 years old  

K4 × [ number of patients× cost of care of the mental retarded 
patients per month in private sector (daily) ×51×12] 

Cost of care of 50% of  patients with mental retardation in 

public sector (24-hour) from 19 to 70 years old  

K4 × [ half of the patients× cost of care of the mental retarded 

patients per month in public sector (24-hour) ×51×12] 

Cost of care of 50% of  patients with mental retardation in 

private sector (24-hour) from 19 to 70 years old  

K4 × [ half of the patients× cost of care of the mental retarded 

patients per month in public sector (24-hour) ×51×12] 

Total Cost of care of patients with mental retardation ( 50% in 
public sector  and 50% in private  sector/24-hour) from 19 to 

70 years old  

Cost of care of 50% of  patients with mental retardation in 
private sector (24-hour) from 19 to 70 years old+ Cost of care 

of 50% of  patients with mental retardation in public sector (24-
hour) from 19 to 70 years old 

Cost of care of 100% of  patients with mental retardation in 

private sector (24-hour) from 19 to 70 years old  

K4 × [ number of patients× cost of care of the mental retarded 

patients per month in private sector (24-hour) ×51×12] 

 
 

 

In table3, K3 and K4 are discount coefficient to determine current value of services respectively in 

the next 12 years and the next 51 years. In calculative definition, any where there is benefit 

variable for 100% of patients, all of detected patients born in 2008 are considered in the 

calculation but as benefit variable is defined for 50% of patients, it means half of the patients 

detected at the same year. The first figural brackets in the calculative definition show year and 

month respectively, for example (51) ×(12) means (51years) and (12 months).     

 

Table 4- Definition of final benefit variables according 

to determined scenarios in case of non-screening for CH in Iran, 2008 

 
Benefit variable   Calculative definition  

Total cost of education and care of mental retarded patients as 

100% in public sector (daily)  

Cost of education of 100% of  patients with mental retardation 

in public sector (daily) from6 to 18 years old + Cost of care of 

100% of  patients with mental retardation in public sector 
(daily) from19 to 70 years old 

Total cost of education and care of mental retarded patients as 

100% in private sector (daily)  

Cost of care of 100% of  patients with mental retardation in 

private sector (daily) from19 to 70 years old +Cost of education 

of 100% of  patients with mental retardation in private sector 
(daily) from6 to 18 years old  
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 Total cost of education and care of mental retarded patients as 
50% in public sector and 50% in private  sector (daily)  

Total Cost of care of patients with mental retardation ( 50% in 
public sector  and 50% in private  sector/daily) from 19 to 70 

years old+  Total Cost of education of patients with mental 

retardation ( 50% in public sector  and 50% in non- public 
sector/daily) from 7 to 18 years old 

Total cost of education and care of mental retarded patients as 
100% in public sector (24-hour)  

Cost of care of 100% of  patients with mental retardation in 

public sector (24-hour) from 19 to 70 years old+ Cost of 
education of 100% of  patients with mental retardation in public 

sector (daily) from 6 to18 years old 

Total cost of education and care of mental retarded patients as 

50% in public sector and 50% in private  sector (24-hour)  

Total Cost of care of patients with mental retardation ( 50% in 
public sector  and 50% in private  sector/24-hour) from 19 to 70 

years old+  Total Cost of education of patients with mental 

retardation ( 50% in public sector  and 50% in private  
sector/daily) from 6 to 18 years old 

Total cost of education and care of mental retarded patients as 
100% in private sector (24-hour)  

Cost of care of 100% of  patients with mental retardation in 

private sector (24-hour) from 19 to 70 years old+ Cost of 
education of 100% of patients with mental retardation in public 

sector (daily) from 6 to18 years old 

 In table 4, final variables of benefit are considered for the same 6 scenarios for evaluation of 

current value of losses resulted in non-screening. In this table, according to the variables, costs of 

education from 6 to 18 years old for 12 years (daily) and costs of care from 19 to 70 years old for 

51 years (daily or 24-hour) in public or private sectors or a combination of them (50% in public 

sector  and 50% in private  sector) are defined. 

 

 

 

Table 5- The main results of cost-benefit variables 

of program of screening for CH in Iran, 2008 

 

Variable  Relation  

Current value of costs 

for all live births of 
2008  

Cost variables                                         Rls.  
Million 

Rls. 

Thousand 

Dollar 

Screening Cost  1156169×26300 30407 3041 

Total cost of diagnostic confirmatory 
tests  

[(46247×0.8) ×51400+(46247×0.2) ×155000] 3335 334 

Total cost of patient detection  3335+(46247×24500) 4468 447 

Total cost of medication for 

patients in the first 3 years of 
life  

0.9151×[ (2745×0.8) ×(1400×12)+(02745.2) ×(4600×12)] 61 6 

Total cost of tests in the first 3 

years of life  

0.9151×[(2745×0.8)×(16×38900)+(2745×0.2)×(16×114000)] 2167 217 

Total cost of physician visit in 
the first 3 years of life 

0.9151×(2745×671000) 1686 169 

Total cost of medical cares in 

the first 3 years of life 

61+2167+1686 3914 391 

Total cost of physician visits 

from 4 to 70 years old   

0.1421×1372.5×[(33×65500)+(33×118750)] 1186 119 

Total cost of tests from 4 to 70 

years old (public sector) 

0.1421×[(1372.5×0.8)×(132×38900)+(1372.5×0.2)×(132×114000)] 1388 139 

Total cost of medication from 4 

to 70 years old   

0.1421×[(1372.5 ×0.8) ×(264×1400)+( 1372.5×0.2) ×(264×4600)] 105 11 

Total cost of medical cares from 

4 to 70 years old   

1186+1388+105 2679 268 
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 Total cost of screening, patient 

detection and medical cares up 
to the end of life  

30407+4468+(3914+2679) 41469 4147 

Benefit variables                                                                    Million Rls. 
  

  

Education and care of mental 

retarded patient: 
-100% in public sector (daily) 

(scenario 1) 
-100% in public sector (24-hour) 

(scenario 4) 

 

 
291112+632581 

 
291112+1116320 

 

 
923693 

 
1407432 

 

 
92369 

 
140743 

-100% in private sector (daily) 

(scenario 2) 
-100% in private sector (24-hour) 

(scenario6) 

291112+965148 

 
443599+1897744 

1693801 

 
2493830 

169380 

 
249383 

-50% in public sector  and 50% 
in private  sector/daily)(scenario 3) 

-50% in public sector  and 50% in 

private sector/24-hour)(scenario 5) 

596086+1097715 
 

 

596086+1507032 

1308747 
 

 

1950631 

130875 
 

 

195063 

         

 

In table 5, coefficient of 0.8 is considered for holders of insurance booklet and coefficient of 0.2 

is considered for the patients without insurance booklet. In this table, current value of costs of the 

next 3 years is calculated with coefficient of 0.9151 and with 0.1421 for the next 66 years. In two 

last columns of the table, current value of direct costs of the main variables of cost and direct 

costs of all benefit variables of the study, are calculated for during the life in million rials for 

births of 2008.  

 

 
 

 

 

 

Figure 1- Total cost of screening, patient detection, and medical care of newborns 

 and patients detected in the program of screening for CH up to 70 years old  

on the basis of the executor universities, 2008 
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Figure 2- Separated costs of education and care of patients with mental retardation 

according to scenario 1 in the program of screening for CH in Iran, 2008 

 
 Figure 3- Cost-benefit ratio of program of screening for 

 CH in Iran separately based on the executor universities according to scenario 1, 2008 

 

 

Discussion & Conclusion 
 

As mentioned above, cost-benefit ratio of screening for CH in Iran has been calculated 

from 22 times to 60 times according to the 6 scenarios.  

Previous studies in the world reported various amounts from 3.6 times to 13.8 

times.
(5,18,19,20)

 The last study in Iran (2005) reported cost-benefit ratio of 1to 15 for 3  

32% 

68% 
Cost of education of 100% of patients 

with mental retardation in public 

sector (daily) from6 to 18 years old 

(12 years)  

Cost of care of 100% of patients with 

mental retardation in public sector 

(daily) from 19 to 70 years old 

(51years)  

 

 

32% 

68% 
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provinces of Esfahan, Booshehr and Fars which considered the result for all of the 

country. All of these studies show that the program of screening for CH in these countries 

is economical and successful to follow up the main goals of this program.  

Considering high incidence of the disease in Iran (5-6 times of the world average), 

screening for this disease has a great hidden and strategic value and gradually shall result 

in improvement of health and welfare of the society and finally shall increase production 

and economical power and ability of the country. Although some times it is not possible 

to evaluate such benefits, its total benefits are such clear and tangible that its acceptance 

is logic from any viewpoint including humane, economical, health and developmental 

criteria.  

The difference between cost-benefit ratio obtained in the countries executing this 

program of screening is attributed to the reasons such as type of study, the scenarios   

supposed to calculate benefits of screening or losses of non-screening, method of 

calculation of cost-benefit (calculated in this study for a life of 70 years) and also 

monetary value of different countries, inflation rate, agreed discount rate, type of the 

financial participation of public sectors, private sectors, families, insurance companies, 

and services price, etc..  

It is noteworthy that in the majority of these studies including the present study, indirect 

costs which are difficult to be calculated and shall result in decrease of the patient and 

family efficiency because of morbidity, mortality or treatment (like as absence at work, 

lost leisure times, consumed time by the family to care the patient, early retirement, etc.) 

were not calculated.
(21)

  

Also intangible costs including anxiety, pain or fatigue resulted from the disease or its 

treatment (that sometimes their measurement is impossible but their detection is 

valuable), are not considered in cost-benefit analysis.
(22)

  

In addition, personnel salary, cost of place and equipment of laboratory are considered as 

the fixed costs of all protocols of the screening and are not calculated.
(23)

  

High coverage of the program and detection and treatment of more patients from one 

hand and supervision on direct costs of screening, patient detection, and medical care of 

patients and also direct benefits of education and care of mental retarded patients up to 

the end of life on the other hand, are the main factors that effect on this ratio and is 

comparative with the other countries reports.
(24,25)

  

It is expected to decrease costs and increase cost-benefit ratio of the program by 

decreasing recalled newborns in the light of education and increase of personnel precision 

and using high quality filter paper and advanced laboratory equipments and preventing 

delayed samplings through supervision and regular control of the program and 

appropriate advertisements and also continuity of the program and improving its function. 

In analyzing the results of this research, total cost of medical care of each patient with 

CH, under coverage of the screening program during the life, has been calculated as 143 

$ for transient CH and 338 $ for permanent type of CH and cost of education and care of 

each mental retarded patient during the life has been calculated as 33650 $.  

Costs of screening for CH in china has been calculate as 129175 Yuan in 2000 and 

benefits resulted from the program, considering foreign exchange saving from treatment,  
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care, education and income loss of mental retarded patients, have been calculated as 

468470 Yuan.
(20)

  

In 1988, US Technology Study Office announced that 93000$ as foreign exchange shall 

be saved per each detected newborn with CH.  

Presenting mathematics model to calculate and analyze cost-benefit ratio in this study is 

considered as an important step toward education and decrease of costs and forces 

directors to think about new methods of obtaining and establishing mechanisms of costs 

control and management system and also familiarizes health personnel with the existing 

process in order to decrease related costs.  

Applying this model by the program executors in the regions under coverage of this 

program, shall motivate them to detect more patients and follow up detected patients 

status and more advertisement in the society (by obtained appropriate information) and 

finally it can attract participation of local societies and the organizations benefited from 

screening benefits.  

 

Considering high prevalence and incidence of CH in Iran and heavy costs of the disease 

complications imposed on the health system, conducting the screening program is 

economical and also appropriate planning, high coverage and simultaneous conduction of 

this program together with other programs pertaining to the newborns health like as 

program of healthy child and nutrition with mother's milk, provide conditions to integrate 

other metabolic diseases into the program and help to establish neonatal screening system 

in the country preventing establishment of new structures and heavy costs, in addition to 

improvement of the programs implementation. 

It is clear that including other diseases into this structure and introducing several 

activities and advanced laboratory technologies, in addition to accelerate processing and 

analyzing information and increase of supervision on quality and the results follow up, 

whether from cost prevention or life quality improvement viewpoints, will attract 

participation of people, supportive, auxiliary and insurance organization in different 

processes of management and thereby will help to establish high quality and 

comprehensive programs in the country. 

Support, policy making, public resources, efforts of specialists and executive authorities 

in the field of programming, regulating operation protocols and prioritizing all problems 

of the system and also justification, education and financial participation of the all of 

related organizations and local societies and related activities are necessary to establish 

this system.  

Providing enough credit in each year and doing necessary researches about the program 

management process are necessary to continue the program and to save its full coverage 

in all regions of the country in order to prevent any problem and delay in the program.  

Regardless their benefits for patients and early detection and disease treatment, screening 

programs are valuable resources to obtain information about health issues and to conduct 

applied projects and also provide conditions for education and attract people attention and 

improve knowledge and skills of the program personnel, for example continuity of 

education of the personnel pertaining to primary screening test and on-time sending blood 

samples and increase of laboratory services quality shall decrease high percentage of  
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costly suspicious calls in the program. On-time and appropriate treatment of the patient 

(smaller than 28 day life newborn), blood sampling on appropriate time (the first 3 to 5 

days of life) and reminding laboratory follows up, physician visit and medications in the 

first 3 years of life (according to the physician prescription) and in the remaining years of 

life, are the other important notes that should be considered in continuous education of 

personnel and families.  

Process of limiting costs, considering daily increase of health and treatment costs and the 

state limited resources and facilities, is an important issue that enforces directors to find 

new methods and mechanisms of controlling costs and cost management systems and 

familiarize healthcare personnel with the process of limiting costs. 

This research by providing valuable information about proceeds of the program of 

screening in the plan executor universities for directors and executors, emphasizes on the 

note that evaluation system should take necessary actions in order to establish a 

community and accessible Data Base to make appropriate management decisions and to 

guide organization properly to reach the desired targets and to compare daily activities 

with standards and criteria. 

It is proposed to hold short term training courses of analyzing costs, economical 

assessment and plan budgeting by using the mathematics model presented here to 

improve local directors' skills and understanding, incentive and participation of different 

parts of the society including social welfare, insurance, charity and auxiliary institutes to 

reinforce the program of screening. 

Screening program in Iran is very useful because of its key role to detect CH patient early 

and treat them on-time and properly and its effect on saving person and society health and 

improvement of families life quality.    

Attracting people and families participation to direct them toward more payment in such 

programs is very important process and if costs of prevention and treatment and also 

costs of CH complications especially mental retardation are determined by using the 

mathematics model of cost-benefit, they will increase their participation to remove the 

problems and risks for their children and society.  
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