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Abstract

Objective: To compare different methods to estimate the confidence interval of the incremental cost-
effectiveness ratio (ICER).
Methods: The adequacy of Fieller intervals and three methods for calculating bootstrap intervals are
compared based on a simulation of 10,000 trials, using data from one trial.
Results: Both Fieller and bootstrap methods lead to unsatisfactory results when the difference in
effectiveness is approximately zero. Where this difference is significant, the four methods for calculating
confidence intervals for ICER do not give very different results, but Fieller’s interval performs best.
Conclusions: Since Fieller’s confidence limits are relatively easy to compute compared with bootstrap
simulations, we recommend using this method.
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Increasingly, cost-effectiveness analyses are conducted as part of clinical trials (5;8).
Gathering data on both effectiveness and cost for each patient taking part in a trial
makes it possible to determine the mean and standard deviation of costs, C, and
effects, E, of the medical interventions. The incremental cost-effectiveness ratio
(ICER) comparing a treatment or diagnostic facility to some alternative (1 and 0,
respectively) is considered to be the main result of cost-effectiveness analysis
(1;9;11). This incremental cost-effectiveness ratio is defined as:

R̂ 5
C1 2 C0

E1 2 E0

However, R̂ is a point estimate that does not give any real insight into uncertainty
of R̂ itself. Several methods have been explored to estimate a confidence interval
for R (3;4;10;12;13;16;18;19;20). There is some agreement in the literature that
methods that fully rely on a normal distribution of the ICER should be avoided in
determining confidence intervals of R. Different methods of calculating nonpara-
metric bootstrap intervals and the Fieller method fulfill this criterion. In this paper
we report our experiences comparing Fieller intervals and three methods for calcu-
lating bootstrap intervals: the percentile method and two bias-corrected and acceler-
ated methods.

608 INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 15:3, 1999

https://doi.org/10.1017/S0266462399153157 Published online by Cambridge University Press

https://doi.org/10.1017/S0266462399153157


Uncertainty of incremental cost-effectiveness ratios

METHODS

Trial Data and Simulation
The data used for comparing the methods in estimating confidence intervals were
gathered in the framework of the Dutch PSOT study. The PSOT study was designed
as a two-group randomized multicenter clinical trial concerning orthodontic treat-
ment of children born with unilateral cleft lip and palate. More detailed information
about the PSOT study is reported elsewhere (14).

From the trial data, mean and variance of cost and effectiveness for each group
and the correlation between them were computed. These statistics were used to
simulate the subsequent 10,000 trials by repeatedly drawing 2 times 10 cases from
normal distributions with these statistics as parameters. For each simulation, R̂*s
was calculated and the mean ICER Rs was used as an estimate for the true population
ICER, R.

Confidence Intervals of the ICER
The Fieller theorem method is a parametric method for calculating a confidence
interval of a ratio of means. The assumption on which this method is based is
bivariate normality of numerator and denominator, here the difference between
the means of the cost and the means of effect (10). On the basis of each R̂*s of the
10,000 simulations, a 90% Fieller confidence interval was calculated (see Appendix
1 for the complete calculations).

The principle of bootstrapping is that a random sample of size n with replace-
ment from the data is taken a large number of times (7). As a result the bootstrap
ratio R̂*b can be calculated from each bootstrap series. For each trial simulation we
performed 25,000 bootstrap replicates, and three methods were used to calculate
bootstrap confidence intervals for R: a) the percentile method; b) the bias corrected
and accelerated (BCA) percentile 1 method (BCA1); and c) the BCA2 method
(Appendix 2).

For each of the four methods of calculating 90% confidence intervals (Fieller
theorem, bootstrap percentile method, bootstrap BCA1, and bootstrap BCA2),
10,000 confidence intervals were determined. The adequacy of the four methods
was investigated by comparing the percentages of confidence intervals containing
Rs. Approximately 90% of the intervals should contain this estimate, because a
level of miscoverage of 10% (type 1 error) was prespecified (Figure 1).

Effect of E1 2 E0 ≈ 0 on the Confidence Intervals
Our original trial data showed a significant difference in effectiveness between the
two groups of 1.34 on the scale of 1 to 10 (a professional judgment of overall speech
and language performance). To investigate the impact of the relative importance
of the magnitude of the difference in effectiveness between the groups, we simulated
four other situations: the difference in effectiveness was assumed to be 0.5 and 1.0
less, and 1.0 and 5.0 more than in the original trial, which reflect the situations
where E1 2 E0 ≈ 0 and where E1 2 E0 .. 0, respectively. Hence, in total five
approaches were used to compare the results of Fieller intervals and three boot-
strap intervals.

RESULTS

Trial Data
The trial concerned 20 patients (10 receiving orthodontic treatment for unilateral
cleft lip and palate, 10 with no treatment). For the treatment group the mean

INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 15:3, 1999 609

https://doi.org/10.1017/S0266462399153157 Published online by Cambridge University Press

https://doi.org/10.1017/S0266462399153157


Severens, De Boo, and Konst

Figure 1. Overview of the simulation data and methods for calculating confidence intervals
(Fieller theorem, bootstrap percentile method, bootstrap bias corrected and accelerated
1 [BCA1], bootstrap bias corrected and accelerated 2 [BCA2]), and calculation of the
adequacy of these methods. Based on the 10,000 simulated trials, for each simulation
90% confidence intervals were computed using the four methods. The adequacy of these
methods was investigated by calculating the percentage of confidence intervals containing
the estimate of the true incremental cost-effectiveness ratio.

medical cost was Dutch guilders (Dfl) 2,544, standard deviation Dfl 646, and the
mean effectiveness score (for speech and language development) and standard
deviation were 3.52 and 1.75, respectively. For this group, correlation between costs
and effectiveness was 0.35. Mean costs and standard deviation for the no-treatment
group were Dfl 881 and Dfl 151. Mean effectiveness and standard deviation were
2.18 and 0.62, respectively. Correlation between costs and effectiveness for no
treatment was 20.06.

Both the difference between the means of the costs (Dfl 1,663) and the means
of effectiveness (1.34) were significant. The correlation between the difference in
cost and the difference in effects was 10.30. The ICER based on the trial data for
the speech development score is Dfl 1,241/point score improvement.

Simulations and Confidence Intervals for R̂
Table 1 summarizes the result of the simulations for the chosen levels of difference
in effectiveness. The number of simulated trials on which Rs is based is not always
equal to 10,000, due to the fact that whenever a simulated trial leads to E*s1 2
E*s0 5 0, R̂*s cannot be calculated for this simulation and therefore is neglected when
calculating Rs.

In Table 2, the percentages of the confidence intervals that contain Rs are
mentioned for the four different methods, separately for the different levels of
difference in effectiveness. In the case of E1 2 E0 ≈ 0 (baseline difference minus 1.0),
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Table 1. Results of the Simulations for Five Levels of Difference in Effectiveness

Level of difference in effectiveness n Rs (mean ICER)

Baseline difference minus 1.0 9,935 2,388
Baseline difference minus 0.5 9.982 2,692
Baseline difference (1.34) 9,997 2,053
Baseline difference plus 1.0 10,000 941
Baseline difference plus 5.0 10,000 633

both bootstrap-based BCA1 and BCA2 calculations lead to confidence intervals that
contain Rs in less than 70% of the cases. In contrast, the bootstrap percentile method
contains Rs 96% of the time, indicating (much) too wide intervals. This is not
surprising in view of the fact that the denominator of R*b is often practically zero.
The Fieller method seems to have intermediate results; however, the results do not
appear to be stable when comparing the situation regarding a baseline difference
minus 0.5 (reflecting E1 2 E1 ≈ 0 to a lesser extent) and the baseline effectiveness
difference (reflecting E1 2 E0 ≠ 0). When E1 2 E0 . 0 (baseline difference plus 1.0
and 5.0, respectively), the target percentage of 90% coverage of Rs by the 10,000 con-
fidence intervals is best obtained by the Fieller method. All bootstrap-based calcu-
lating methods give somewhat too narrow intervals, thus less than 90% contain Rs.

DISCUSSION

Recently, an alternative approach for performing cost-effectiveness analysis was
suggested by Tambour et al. (17) that gives a solution to the difficulty in calculating
confidence intervals for ratios. In this approach the effectiveness units as used in
a study are multiplied by the price per effectiveness unit, thus resulting in expression
of both costs and effectiveness in monetary terms. The authors describe that in
this way the net benefits of the medical interventions that are compared can be
determined, and that standard statistical techniques can be used to calculate confi-
dence intervals for the net benefits. However, we think that this approach in general
is difficult to apply. First, the method makes it necessary to determine a price per
effectiveness unit, which seems to be rather arbitrary. Although sensitivity analysis
might be used to explore the impact of varying the unit price on the studies’
conclusions (2), it can be argued that specific measures of effectiveness are difficult
to express in monetary terms. Second, the example that is used by the authors
expresses effectiveness in quality-adjusted life-years (QALYs), which seem possible

Table 2. Percentage of the 10,000 90% Confidence Intervals that Contain the Mean
Incremental Cost-effectiveness Ratio Rs for Four Methods of Calculating the Confidence
Intervals

Bootstrap

Level of difference in effectiveness Fieller Percentile BCA1 BCA2

Baseline difference minus 1.0 75.9 96.5 69.2 60.6
Baseline difference minus 0.5 89.0 90.9 77.0 72.8
Baseline difference (1.34) 84.1 82.0 79.6 77.7
Baseline difference plus 1.0 88.2 85.7 85.5 85.6
Baseline difference plus 5.0 89.2 85.5 85.5 85.5
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to translate into monetary terms quite easily. However, the question arises of how
to translate other effectiveness measures, because QALYs are only one of many
ways in which to express effectiveness (15).

Before answering the question of which method should be used to determine
a confidence interval for an ICER, a distinction must be made between the situation
where E1 2 E0 ≈ 0 and where E1 2 E0 .. 0. Actually, in case a trial does not
show a significant difference in effectiveness, it does not make sense to calculate
confidence intervals for R, making the discussion about which confidence interval
method to use academic (4).

In conclusion, whenever there is a strictly significant difference in effectiveness
between groups, calculating a confidence interval for the ICER is useful. Fieller’s
theorem, which is based on a single formula, leads to satisfactory results, and the
necessary calculations are done relatively easily compared with bootstrap simula-
tions, which require a rather powerful computer. We therefore recommend using
the Fieller confidence limits in such cases.
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Appendix 1

Fieller Theorem
Let DE and DC denote the mean difference in effect and cost respectively, S2

DE and
S2

DC their estimated variances and r the estimated (Pearson) correlation coefficient
between them. Let fy,1–a denote the upper percentage point of the F-distribution,
with 1 and y degrees of freedom, y being the number of degrees of freedom upon
which the estimated variance of DE 2 DC is based (18 in our case). Compute (10):

L1 5

(DEDC 2 fy,12arsDEsDc) 2 [(DEDC 2 fy,12arsDEsDc)2 2

(DE2 2 fy,12as2
DE)(DC2 2 fy,12as2

DC)]1/2

DE2 2 fy,12as2
DE

and

L2 5

(DEDC 2 fy,12arsDEsDc) 1 [(DEDC 2 fy,12arsDEsDc)2 2

(DE2 2 fy,12as2
DE)(DC2 2 fy,12as2

DC)]1/2

DE2 2 fy,12as2
DE

Now, if there is a statistically significant difference in effect, then (and only then)
the denominators of L1 and L2 are positive. The Fieller (1 2 a) interval is then the
interval (L1,L2). If there is no significant difference in effect, the denominators are
negative and Fieller’s interval consists of the union of the intervals (2∞,L2 and
(L1,1∞). For further details see Laska et al. (10). (Note that in that paper there is
a misprint on page 235: the second plus-sign in the numerator of the formula
for the upper confidence limit estimator should be a minus-sign, as in the lower
confidence limit.)

Appendix 2

Bootstrap Confidence Intervals
The percentile method is based on the principle of sorting the R̂*b . When 25,000
replicates have been made, the percentile method uses the 1,250th and 23,750th

ranked R̂*b as the 90% confidence interval limits. The basic principle of the BCA
methods is a modification of the percentile method making a correction for bias
and the skewness of the estimator of the sampling distribution (3). For an extensive
description of this method we suggest Efron and Thibshirani (7) and Efron (6).
The BCA method uses an acceleration constant which is used to adjust for the
skewness of the sampling distribution of R̂*b . This acceleration constant is calculated
using a jack-knife estimate. Since the jack-knife method is not straightforward
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described in case of comparison of two groups, we used two options: BCA1 and
BCA2. For BCA1 an estimator is used that leaves out only one measurement at a
time, irrespective of the origin (treatment or no treatment). BCA2 uses an estimator
based on simultaneously leaving out one measurement from each of the two samples,
treatment and no treatment.
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