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Distribution of the c-statistic without base-

line imbalance and estimation of the thresh-

old value

Objectives
The objectives were to study the distribution of the c-statistic in CRTs without

baseline imbalance in a variety of situations to determine whether a specific thresh-

old depending on sample size and number of covariates for each scenario is needed,

rather than a unique threshold value.

Methods
Data generation

Data were generated in the same way than in the simulation study presented in the

main paper, except that the r generated covariates were balanced.

Studied scenarios

We studied 36 scenarios in which the following parameters were varied:

• the sample size per arm, n = (100, 500). In CRTs, the median number of

subjects per arm is 329 (IQR=[143-866]) [1]. Thus, the chosen values corre-

spond to the situation of a small and average size CRT.

• the number of clusters per arm: k = (5, 10, 50),

• the number of covariates: r = (4, 10, 20) for n = 100 and r = (10, 20, 50)

for n = 500, corresponding to a ratio n
r = (25, 10, 5) for n = 100 and n

r =

(50, 25, 10) for n = 500. We considered rc = rb = r
2 .

• the trial design: individually randomized trial (without clustering for the

covariates X0) or CRT (with an ICC for the covariates X).

Results
The boxplots below show the distribution of the c-statistic without systematic im-

balance. Results were pooled over the number of clusters per arm k and type of

trial (CRT vs. individually randomized trial) because these parameters had no im-

pact on the average c-statistic (data not shown). Moreover, the correlation between
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covariates had no impact on the c-statistic distribution (data not shown) when the

covariates were balanced. Indeed, the correlation among covariates usually affects

the c-statistic only when these covariates are predictors in the model.

The results showed that even in absence of systematic baseline imbalance, the

median c-statistic varied substantially across the studied scenarios. A predictive

model with a c-statistic > 0.7 is commonly considered to be discriminant [2]. This

value increased with the number of covariates because small chance imbalance on

each covariate may lead to increased global imbalance. Conversely, the median c-

statistic decreased when the sample size increased: randomization ensures group

comparability according to the law of large numbers. Chance imbalance can occur

especially for small sample size [3] and then may artificially increase the c-statistic.

Therefore, these results confirm the need for a specific threshold value for a given

CRT rather a unique threshold value.
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Figure 1 Distribution of the c-statistic of the propensity score model under the hypothesis of no
baseline imbalance as a function of covariates r and the sample size (n is the sample size per
arm). The type of trial (cluster randomized trial [CRT] vs. individually randomized trial) and the
number of clusters per arm k had no effect on the distribution. 100 000 simulations were
performed per scenario.
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APPENDIX B:

Supplementary example: internal validity

We applied our method on a third example in which there is no risk of confound-

ing bias because of the recruitment of participants prior to the randomization of

clusters, in order to control the internal validity of our method.

Oral ivermectin for difficult-to-treat head lice

This study was a double-blind double-dummy CRT comparing oral ivermectin and

malathion lotion for difficult-to-treat head lice [4]. In all, 376 households were ran-

domized, corresponding to 398 patients who received ivermectin and 441 who re-

ceived malathion. Seven individual characteristics were observed at baseline (table

1). Here, the usual chronology of a randomized trial was observed: once an eligible

patient was identified and recruited as an index patient, households, rather than the

patients, were randomized. Thus, this CRT had low risk of confounding bias, which

was strengthened by nonsignificant univariate test results and small standardized

differences.

Results

The PS model contained the seven covariates displayed in Table 1 of this appendix.

The PS distribution per arm is displayed in Figure c in Appendix C. Without

covariate selection, our method provided a threshold value of 0.584, whereas the

estimated c-statistic for this dataset was 0.576. With a pre-selection of covariates,

five covariates among seven were retained, thus leading to an estimated c-statistic

of 0.572 and a threshold value of 0.575. Thus, our method showed good specificity

here, with or without covariate selection, because it did not lead to the diagnosis of

any baseline imbalance due to recruitment or chance in a large CRT with very low

risk of confounding bias.
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APPENDIX C:

Distribution of PS distribution per group

in the 3 examples

Example 1
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Example 3
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Figure 2 Propensity score distribution per arm for the three examples. a Example 1: standardized
evaluation tool (n=1 462) vs. usual care (n=1 495) for the management of osteoarthritis. b
Example 2: standardized consultation (n=154) vs. usual care (n=182) for patients with
osteoarthritis of the knee. c Example 3: ivermectine (n=398) vs. malathion (n=441) for
difficult-to-treat head-lice.
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