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Introduction
Carrier screening identifies couples at high risk for conceiving offspring affected with serious 
heritable conditions. Minimal screening guidelines mandate offering testing for two diseases 
(cystic fibrosis and spinal muscular atrophy), but expanded carrier screening (ECS) assesses 
reproductive risk for hundreds of conditions simultaneously. Although key medical societies 
consider ECS an acceptable practice, and hundreds of thousands of patients have undergone 
ECS testing, the health economics of ECS remain poorly characterized.

Figure 2.  Incremental Cost Effectiveness Ratio (ICER). Solid bars indicate the ICER with 
3-year cost savings subtracted from the price, while the level indicated by hatched bars 
indicates the ICER without such deduction (i.e., only accounting for screening cost). The plot 
is truncated because negative ICER results are typically not interpreted quantitatively, as one 
alternative is superior to the other in terms of both cost and life-years saved.

Cost Effectiveness of ECS
Cost effectiveness summarizes the value of a treatment in terms of  dollars per life-year gained.  
As compared to either hereditary cancer screening or a $50,000 per life-year benchmark, ECS 
is cost effective (Fig. 2), with the quantitative level depending on the price and whether cost-
savings are considered. 

Methods
The clinical impact and cost effectiveness of a 176-condition ECS panel were investigated 
using a decision-tree model comparing minimal screening and ECS (Fig. 1).  Carrier rates from 
>50,000 ECS patients informed disease-incidence estimates, while cost and life-years-lost 
data were aggregated from the literature and a cost-of-care database. Model robustness was 
evaluated using one-way and probabilistic sensitivity analyses.

Figure 3.  Sensitivity analysis of affected births averted by ECS.  In one-way sensitivity 
analysis (bottom), all variables are held at their base values, except for the indicated variable, 
which is set to various levels that span a realistic interval. Probabilistic sensitivity analysis (top) 
shows the sensitivity of affected births averted due to multivariate parameter uncertainty. 
Results are per 100,000 couples.
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Figure 1.  Data flow and decision tree used for ECS modeling. Risk-mitigating and 
unaffected nodes are blue, whereas risk-increasing, risk-maintaining, and affected nodes 
are orange. For clarity, the decision tree assumes that ECS tests for the totality of diseases; 
therefore, “Unaffected by any condition” means that the pregnancy is not affected for a 
condition screened on the ECS panel.

Results
The clinical and economic impacts on ECS conditions are large (Tab. 1).  Approximately 1 in 300 
pregnancies is affected by a condition on the ECS.  Disease treatment costs ~$1,000,000 over 
the course of a lifetime; averaged over affected and unaffected births, this cost is approximately 
$3,500 per birth.

Model Robustness
Sensitivity analysis suggests that results are robust to both multivariate perturbations and 
plausible value ranges for individual parameters (Fig. 3).

Conclusions
ECS is predicted to substantially reduce the population burden of Mendelian disease in a 
manner that is cost-effective compared to other common medical interventions.
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Table 1.  Per couple model clinical and economic results.

Panel
At risk 
Couples 
Detected

Number of 
reproductive 
interventions

Affected 
Births 
Averted

Life-
years 
Gained

Life-years 
Gained 
(Undiscounted)

Lifetime 
Cost 
Averted

Three 
Year Cost 
Averted

Year One 
Cost 
Averted

Intervention 
Costs 
Accrued

Population 
Impact: ECS 1.20E-02 1.20E-02 2.99E-03 1.68E-02 7.80E-02 $3,523.88 $412.79 $131.42 $164.82

Population 
Impact: CF23+SMA 1.49E-03 1.49E-03 3.71E-04 4.59E-03 1.84E-02 $1,041.54 $131.37 $46.02 $20.48

Population 
Impact: Difference 1.05E-02 1.05E-02 2.62E-03 1.22E-02 5.97E-02 $2,482.34 $281.42 $85.40 $144.34

77% Intervention 
ECS 1.20E-02 9.16E-03 2.29E-03 1.28E-02 5.98E-02 $2,699.14 $316.18 $100.66 $126.24

77% Intervention 
CF23+SMA 1.49E-03 1.14E-03 2.85E-04 3.52E-03 1.41E-02 $797.78 $100.62 $35.25 $15.69

77% Intervention: 
Difference 1.05E-02 8.02E-03 2.01E-03 9.32E-03 4.57E-02 $1,901.37 $215.56 $65.41 $110.56
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