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Chapter 425 

Tests for Two Groups Assuming a Two-Part 
Model with Detection Limits 

Introduction 
This procedure provides sample size and power calculations for comparing two groups when the data come 
from a two-part model with left censoring because the data is below a detection limit. Two-part models 
assume that the data distribution is a mixture of a probability mass at zero (or some other constant) and a 
continuous distribution for data values greater than zero. Often, the continuous distribution is assumed to 
be log-normal. The power formula is based on the work of Chu, Nie, and Cole (2006). 

Technical Details 
Two-part models assume that the data distribution is a mixture of a probability mass at zero and a 
continuous distribution for data values greater than zero. This model can be extended by also assuming 
that data values below a detection limit are too small to be observed. The density of a variable X from this 
model is written as 

𝑓𝑓𝑖𝑖(𝑥𝑥) = [𝑃𝑃𝑖𝑖 + (1 − 𝑃𝑃𝑖𝑖)Φ(𝜀𝜀𝑖𝑖𝑖𝑖)]𝜃𝜃 × �
(1 − 𝑃𝑃𝑖𝑖)
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where 𝜀𝜀𝑖𝑖𝑖𝑖 = 𝑥𝑥𝐿𝐿−𝜇𝜇𝑖𝑖
𝜎𝜎

 and Pi is the probability that X = 0. Note that the means and standard deviation are in the 
scale of the transformed data values. The test statistic for this model is the usual test for the difference in 
means constructed on the observed (non-zero) values. 

Power  
The formula given by Chu et al. (2006) assumes that the group variances are equal. The formula given by 
Chu et al. (2006) is 

Power = Φ
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where c is 1 for one-sided tests and 2 for two-sided tests, Φ(𝑥𝑥) is the CDF of the standard normal 
distribution, and 𝜑𝜑(𝑥𝑥) is the standard normal density, with 

𝜇𝜇𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + 𝜎𝜎𝜑𝜑(𝜀𝜀𝑖𝑖𝑖𝑖)[1 −Φ(𝜀𝜀𝑖𝑖𝑖𝑖)]−1 

𝜎𝜎𝑖𝑖𝑖𝑖 = 𝜎𝜎{1 + 𝜀𝜀𝑖𝑖𝑖𝑖𝜑𝜑(𝜀𝜀𝑖𝑖𝑖𝑖)}[1−Φ(𝜀𝜀𝑖𝑖𝑖𝑖)]−1 − 𝜑𝜑2(𝜀𝜀𝑖𝑖𝑖𝑖)[1−Φ(𝜀𝜀𝑖𝑖𝑖𝑖)]−2  

The sample size can be determined using a simple search algorithm. 
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Example 1 – Finding the Sample Size 
Researchers wish to compare the average medical expenditure by patients in two well-defined groups. 
Group 1 will represent the treatment group and group 2 will represent the control group. Since medical 
expenses are often zero, a two-part model is used. The logarithm base 10 of the expense values will be used 
to normalize the data values and to make the two group variances nearly equal. Subjects with expenses less 
than 50 will not be recorded as such. Hence, the detection limit is set to log(50) = 1.7. 

The researchers want to determine how many participants are needed if μ1 is set to 3 4 5, μ2 to 2, the 
standard deviation to 2 or 2.5, P1 = P2 = 0.80, the significance level of a two-sided test to 0.05, and the 
desired power to 0.8.  

Setup 
If the procedure window is not already open, use the PASS Home window to open it. The parameters for this 
example are listed below and are stored in the Example 1 settings file. To load these settings to the 
procedure window, click Open Example Settings File in the Help Center or File menu. 

 
Design Tab      
    _____________ _______________________________________ 

 

Solve For ....................................................... Sample Size 
Alternative Hypothesis ................................... Two-Sided 
Power............................................................. 0.80 
Alpha.............................................................. 0.05 
Group Allocation ............................................ Equal (N1 = N2) 
P1 (Prob X = 0 in Group 1) ............................ 0.8 
P2 (Prob X = 0 in Group 2) ............................ 0.8 
μ1 (Mean of Group 1) .................................... 3 4 5  
μ2 (Mean of Group 2) .................................... 2 
σ (Standard Deviation of X) ........................... 2 2.5 
Xʟ (Detection Limit) ........................................ 1.7 
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Output 
Click the Calculate button to perform the calculations and generate the following output. 

Numeric Reports 
 
Numeric Results 
─────────────────────────────────────────────────────────────────────────────────────────────── 
Solve For: Sample Size 
Alternative Hypothesis: Two-Sided 
─────────────────────────────────────────────────────────────────────────────────────────────── 
       Normal Part (X > 0)  
     Binomial ──────────────────────────  
 Power Sample Size Part (X = 0)   Detection Standard  
──────────── ──────────────── ────────   Limit Deviation  
Target Actual N1 N2 N P1 P2 μ1 μ2 Xʟ σ Alpha 
────────────────────────────────────────────────────────────────────────────────────────────────────────────── 
0.05 0.8001 1052 1052 2104 0.8 0.8 3 2 1.7 2.0 0.05 
0.05 0.8001 1798 1798 3596 0.8 0.8 3 2 1.7 2.5 0.05 
0.05 0.8010 207 207 414 0.8 0.8 4 2 1.7 2.0 0.05 
0.05 0.8003 365 365 730 0.8 0.8 4 2 1.7 2.5 0.05 
0.05 0.8037 76 76 152 0.8 0.8 5 2 1.7 2.0 0.05 
0.05 0.8011 136 136 272 0.8 0.8 5 2 1.7 2.5 0.05 
─────────────────────────────────────────────────────────────────────────────────────────────── 
Target Power The desired power value entered in the procedure. Power is the probability of rejecting a false null 
    hypothesis. 
Actual Power The actual power achieved. Because N1 and N2 are discrete, this value is usually slightly larger than the 
    target power. 
N1 The sample size from group 1. 
N2 The sample size from group 2. 
N The total sample size from both groups. N = N1 + N2. 
P1 The probability that X = 0 in group 1. 
P2 The probability that X = 0 in group 2. 
μ1 The mean of the measured data in group 1. 
μ2 The mean of the measured data in group 2. 
Xʟ The lower detection limit. Values of X below this amount cannot be detected by the measuring device. 
σ The assumed population standard deviation for each of the two groups. 
Alpha The probability of rejecting a true null hypothesis. 
 
 
Summary Statements 
───────────────────────────────────────────────────────────────────────── 
A parallel two-group design will be used to compare two groups for the scenario where the data follow a two-part 
(zero-inflated log-normal) model with a left-censoring detection limit (response values below the detection limit are 
indistinguishable from values of 0). The comparison of groups will be made using a two-sided, two-sample test, as 
described in Chu et al. (2006), with a Type I error rate (α) of 0.05. If a transformation of response values is to be 
used, as is common in this scenario, the means, standard deviation, and detection limit are all on the transformed 
(typically log) scale. The detection limit value is assumed to be 1.7. The proportion of true 0's in Group 1 is 
assumed to be 0.8 and the proportion of true 0's in Group 2 is assumed to be 0.8. The common standard deviation 
for the continuous values in both groups is assumed to be 2. To detect a Group 1 mean of 3 and a Group 2 mean 
of 2 with 80% power, the number of needed subjects will be 1052 in Group 1 and 1052 in Group 2. 
───────────────────────────────────────────────────────────────────────── 
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Dropout-Inflated Sample Size 
───────────────────────────────────────────────────────────────────────── 
      Dropout-Inflated  Expected 
      Enrollment  Number of 
  Sample Size  Sample Size  Dropouts 
  ────────────────  ────────────────  ───────────── 
Dropout Rate  N1 N2 N  N1' N2' N'  D1 D2 D 
─────────────────────────────────────────────────────────────────────────────────────────────────────────────────────────────── 

20%  1052 1052 2104  1315 1315 2630  263 263 526 
20%  1798 1798 3596  2248 2248 4496  450 450 900 
20%  207 207 414  259 259 518  52 52 104 
20%  365 365 730  457 457 914  92 92 184 
20%  76 76 152  95 95 190  19 19 38 
20%  136 136 272  170 170 340  34 34 68 
───────────────────────────────────────────────────────────────────────── 
Dropout Rate The percentage of subjects (or items) that are expected to be lost at random during the course of the study 
    and for whom no response data will be collected (i.e., will be treated as "missing"). Abbreviated as DR. 
N1, N2, and N The evaluable sample sizes at which power is computed. If N1 and N2 subjects are evaluated out of the 
    N1' and N2' subjects that are enrolled in the study, the design will achieve the stated power. 
N1', N2', and N' The number of subjects that should be enrolled in the study in order to obtain N1, N2, and N evaluable 
    subjects, based on the assumed dropout rate. After solving for N1 and N2, N1' and N2' are calculated by 
    inflating N1 and N2 using the formulas N1' = N1 / (1 - DR) and N2' = N2 / (1 - DR), with N1' and N2' 
    always rounded up. (See Julious, S.A. (2010) pages 52-53, or Chow, S.C., Shao, J., Wang, H., and 
    Lokhnygina, Y. (2018) pages 32-33.) 
D1, D2, and D The expected number of dropouts. D1 = N1' - N1, D2 = N2' - N2, and D = D1 + D2. 
 
 
Dropout Summary Statements 
───────────────────────────────────────────────────────────────────────── 
Anticipating a 20% dropout rate, 1315 subjects should be enrolled in Group 1, and 1315 in Group 2, to obtain final 
group sample sizes of 1052 and 1052, respectively. 
───────────────────────────────────────────────────────────────────────── 
 
 
References 
───────────────────────────────────────────────────────────────────────── 
Chu, H., Nie, L., Cole, S.R. 2006. 'Sample size and statistical power assessing the effect of interventions in the 
   context of mixture distributions with detection limits'. Statistics in Medicine, Vol. 25, Pages 2647-2657.  
───────────────────────────────────────────────────────────────────────── 
 

These reports show the values of each of the parameters, one scenario per row.  
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Plots Section 
 
Plots 
───────────────────────────────────────────────────────────────────────── 

 
 

 
 

These plots show the relationship of the mean, the standard deviation, and the sample size. 
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Example 2 – Validation using Chu et al. (2006) 
Chu (2006) gives an example of calculated values on page 2652 of their article. The researchers want to 
determine how many participants are needed if μ1 is set to 1.8, μ2 to 2.4, the standard deviation to 1, P1 = 
P2 = 0.20, the significance level of a two-sided test to 0.05, and the desired power to 0.8. If Xʟ is set to 0, they 
concluded N1 = 61 and N2 = 63. If Xʟ is set to log(0.5) = -0.69, they concluded that N1 = 56 and N2 = 57.  

Setup 
If the procedure window is not already open, use the PASS Home window to open it. The parameters for this 
example are listed below and are stored in the Example 2 settings file. To load these settings to the 
procedure window, click Open Example Settings File in the Help Center or File menu. 

 
Design Tab      
    _____________ _______________________________________ 

 

Solve For ....................................................... Sample Size 
Alternative Hypothesis ................................... Two-Sided 
Power............................................................. 0.80 
Alpha.............................................................. 0.05 
Group Allocation ............................................ Equal (N1 = N2) 
P1 (Prob X = 0 in Group 1) ............................ 0.2 
P2 (Prob X = 0 in Group 2) ............................ 0.2 
μ1 (Mean of Group 1) .................................... 1.8 
μ2 (Mean of Group 2) .................................... 2.4 
σ (Standard Deviation of X) ........................... 1 
Xʟ (Detection Limit) ........................................ 0 -0.69 
 

Output 
Click the Calculate button to perform the calculations and generate the following output. 

 
Numeric Results 
─────────────────────────────────────────────────────────────────────────────────────────────── 
Solve For: Sample Size 
Alternative Hypothesis: Two-Sided 
─────────────────────────────────────────────────────────────────────────────────────────────── 
       Normal Part (X > 0)  
     Binomial ──────────────────────────  
 Power Sample Size Part (X = 0)   Detection Standard  
──────────── ──────────── ────────   Limit Deviation  
Target Actual N1 N2 N P1 P2 μ1 μ2 Xʟ σ Alpha 
───────────────────────────────────────────────────────────────────────────────────────────────────────── 
0.05 0.8008 56 56 112 0.2 0.2 1.8 2.4 -0.69 1 0.05 
0.05 0.8036 62 62 124 0.2 0.2 1.8 2.4 0.00 1 0.05 
─────────────────────────────────────────────────────────────────────────────────────────────── 
 

In both cases, PASS has obtained a sample size within 1 subject of the article. Note that the sample sizes 
determined in the article were based on slightly different search algorithms. 
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