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In this eighth article in the health economics series, we explore the idea 
that a new treatment can be cost-effective but not significantly different 
from usual care in terms of costs or outcomes. This situation occurs 
because a cost-effectiveness analysis considers costs and outcomes 
simultaneously. In addition, researchers often employ a different 
statistical approach, using a Bayesian instead of frequentist framework. 
We provide an example illustrating a new option with non-statistically 
significant differences in both cost and health outcome with a high 
probability of cost-effectiveness. 
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It is easy to think of cost-effectiveness analysis (CEA) as a study that tests 
both cost and effectiveness for statistical significance. Often researchers 
design clinical trials to detect a statistical difference in the main outcome 
(e.g., treatment effectiveness), potentially leaving the test of cost 
differences underpowered. Raftery and colleagues1 studied the prevalence 
of “paradoxical conclusions” in “doubly null” trials with non-statistically 
significant differences in both cost and health outcome. They found that 
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almost 40% of trials they reviewed had doubly null results and about a 
third drew economic conclusions in favour of a new option. That is, the 
new treatment was neither cheaper nor more effective. Yet, researchers 
concluded it was cost-effective. How could this be?

In this article, we explore conditions under which such a seemingly 
paradoxical conclusion can arise. Different interpretations of uncertainty 
(e.g., Bayesian vs. frequentist) explain the important distinction that can 
help readers appreciate “probability of cost-effectiveness” as opposed to 
“statistical significance.”

Reviewing cost-effectiveness analysis

We briefly review CEA in this section, as previous articles in the health 
economics series have discussed it in greater detail.2-7 CEA produces 
estimates of extra cost (ΔC) and extra health outcome, viewed as extra 
effect (ΔE). To illustrate the main concepts, we create hypothetical data with 
descriptive results. 

Table 1 shows that a new type of care is both cheaper (ΔC = −$400) and 
more effective (ΔE = 5).  However, as the confidence intervals for both ΔC 
(−923, 123) and ΔE (−2, 11) include 0, neither the cost-saving estimate 
nor the effectiveness estimate is precise enough to rule out a hypothesis 
of no difference. The new option may be more costly or less costly; it may 
be more effective or less effective. This might be expected given that 
the hypothetical data are based on only 22 people. So, what are we to 
conclude about a small study showing a promising value proposition? The 
signal is there but the noise is loud. What tools can be used to make CEA 
meaningful for decision-makers?

Average (mean or expected value)

Type of care Cost, $ Effect (outcome)

New (n = 10) 1617 81

Usual (n = 12) 2017 76

Difference (95% CI) −400 (−923, 123) 5 (−2, 11)

Table 1: Results from a 
hypothetical study.

Note: CI = confidence interval, n = sample size.
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Conveying CEA information

Researchers often use two related figures to convey cost-effectiveness 
conclusions. The first is a cost-effectiveness plane showing both an estimate 
and uncertainty.  

Note: The estimate is shown as ◊, with 95% confidence interval for ΔC and 
ΔE illustrated by the ellipse. The shaded area shows where there is more 
effectiveness and less cost.

Using data from Table 1, Figure 1 shows that the estimate (i.e., ◊) for the 
new option is both cheaper (ΔC < 0) and more effective (ΔE > 0). The exact 
location of the estimate is at (5, −400), corresponding to the mean results 
in Table 1. Uncertainty is conveyed by the ellipse, which serves as a 95% 
confidence interval (CI) for the estimate. Assuming the means are jointly 
normally distributed with cost and effect correlated implies an ellipse-
shaped 95% CI.8

Treating cost and effect as two separate outcomes would create a 95% CI 
shaped like a rectangular box.9
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Figure 1: Cost-effectiveness 
plane showing both an 
estimate and uncertainty.
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The 95% CI ellipse shows it is possible for ΔC or ΔE or both to be zero. In 
fact, the current evidence shows that the new option may be: 

a. cheaper and less effective 

b. cheaper and more effective 

c. more expensive and more effective

However, the bulk of the ellipse’s area is in the “saves money and is more 
effective” region. This means this is the most likely scenario (with the 
highest probability). Consequently, analysts should more confidently 
conclude that the new option is a good deal.

What is a good deal? 

For some decision-makers a good deal means saving money (i.e., ΔC < 0); 
for others, good means better health outcome (i.e., ΔE > 0). Often, leaders 
must be nuanced in their approach to value and consider when the extra 
effect is worth the extra cost. Health economists use “cost-effectiveness 
threshold” to refer to the point where the extra effect is exactly worth the 
extra cost. Some have speculated that the cost-effectiveness threshold 
could be a single number or a range.10-12 Suffice it to say, the person doing 
the analysis for you does not know the number you want to use for the cost-
effectiveness threshold in your context. Consequently, rigorous research 
provides a wide range of values for your consideration. 
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Figure 2: Cost-effectiveness 
plane with different cost-
effectiveness thresholds.
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Note: The estimate is shown as ◊, with 95% confidence interval for ΔE 
and ΔC illustrated by the ellipse. The dashed lines represent three cost 
effectiveness thresholds.

Figure 2 illustrates the application of three cost-effectiveness thresholds 
(dashed lines showing ΔC/ΔE) to the results in Figure 1. The horizontal 
dashed line illustrates a cost-effectiveness threshold of zero. This is 
consistent with the thinking that the only good deal is one where the 
new option saves money (i.e., ΔC < 0). In this setting, anything below 
the horizontal line represents good value for money (regardless of the 
effectiveness!). The vertical dashed line illustrates a cost-effectiveness 
threshold of infinity. Anything to the right of the line represents a good deal 
(regardless of the cost!). If you are like most decision-makers, you probably 
have a cost-effectiveness threshold somewhere between 0 and infinity. The 
grey dashed line in Figure 2 has a slope of 100. On this line, each unit of 
extra effect is worth $100. Anything below this dashed line is considered 
cost-effective, including options that are more expensive (and more 
effective) as well as those that are less effective (and less costly).

In Figure 2, the cost-effectiveness estimate (◊) falls below each of the 
cost-effectiveness threshold lines. This means that the new option is cost-
effective, regardless of the decision-maker’s cost-effectiveness threshold. 
However, the probability that the new option is cost-effective varies with the 
cost-effectiveness threshold. This is evident when examining the relation 
between each cost-effectiveness threshold and the 95% confidence ellipse. 
The dark dashed lines cut through the upper and lower parts of the ellipse, 
while the grey dashed line does not intersect the ellipse. By keeping track 
of how much of the uncertainty is below the dashed lines, researchers can 
report the probability of cost-effectiveness. We can use a cost-effectiveness 
acceptability curve (CEAC) to display the probability of cost-effectiveness 
for each value of the cost-effectiveness threshold.

The probability of cost-effectiveness 

On the CEAC in Figure 3,8 probability ranges from 94% to 100%. The 
horizontal axis shows values corresponding to the slopes of the dashed 
lines (representing cost effectiveness thresholds) in Figure 2. The vertical 
axis of Figure 3 shows the probability that the new option is cost-effective, 
which corresponds to the proportion of probability that is below the 
dashed lines in Figure 2. The horizontal axis shows the cost-effectiveness 
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threshold from $0 to $2000. Figure 3 shows that the probability of cost-
effectiveness is very high and does not vary much.  

The concept of “probability of cost-effectiveness” uses a Bayesian 
interpretation of uncertainty, instead of a traditional frequentist 
interpretation of probability (p). The value of Figure 3’s vertical axis is not 
changed by this switch in paradigm, but the interpretation is. Because the 
Bayesian interpretation is more intuitive, it has been widely adopted in the 
cost-effectiveness literature. One can convert a p-value into “probability 
of cost-effectiveness” and then use this for the vertical axis of the cost-
effectiveness acceptability curve (see Figure 3).13

Discussion

The data in Table 1 provide an example of a new option that is less costly 
(i.e., ΔC < 0) and more effective (i.e., ΔE > 0) than usual care. However, 
when looked at separately, neither estimate of the difference in cost 
and effectiveness is statistically significant. Studying the cost and effect 
outcomes simultaneously produces a 95% confidence interval shown as 
the ellipse in Figure 1. Because the ellipse stretches into three quadrants 
in Figure 2, the promising estimate of less cost and more effect could have 

Figure 3: Cost-effectiveness 
acceptability curve for a 
range of cost-effectiveness 
thresholds.
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occurred by chance alone. Clear from Figure 2 is that most of the time, most 
of the ellipse is below the cost-effectiveness threshold lines; there is a high 
probability that the new option is cost-effective, even though it does not 
have statistically significant cost or effect differences. This is because most 
of the ellipse is in the southeast quadrant of Figure 2 meaning there is high 
probability that the new option is both more effective and less costly. 

Figure 3 demonstrates that it is possible for the probability of cost-
effectiveness to increase and then decrease as the assumed cost-
effectiveness threshold value changes. This change in slope is related to 
the change in probability that is below Figure 2’s dashed line. The mostly 
flat line in Figure 3 vacillating between 94% and 100% means that the 
new option has a very high probability of cost-effectiveness for all cost-
effectiveness threshold values considered in the analysis.

The example reminds us of the difference between statistical uncertainty 
and decision uncertainty. The large ellipse shows a lot of statistical 
uncertainty. So much in fact, it is not clear whether the new option 
compared to usual care is more or less costly or whether it is more or less 
effective. The high statistical uncertainty is due to the small sample size. 
However, the decision uncertainty is modest. Most of the probability 
characterizing the uncertainty can be classified as a good deal (below the 
cost-effectiveness threshold line, regardless of which one is chosen). 

Leaders interested in using the results from economic evaluations, such as 
CEA, should rely on viewing both the estimate and its uncertainty to help 
inform their decisions. In this process, it is important to separate uncertainty 
of interest to the analyst (size of the ellipse) from uncertainty of interest 
to the decision-maker (location of the ellipse). Whether the ellipse spills 
over into multiple quadrants is important, but so is its relation to different 
assumed cost-effectiveness thresholds (the dashed lines). This means that 
it is important to understand the cost-effectiveness thresholds that analysts 
assume and whether they fit with your context. Since these thresholds 
are unknown to the analyst, research should employ a variety of them for 
decision-makers to consider. 
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