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BACKGROUND

Population pharmacokinetics is the study of pharmacokinetics 
at the population level, in which data from all individuals in a pop-
ulation are evaluated simultaneously using a nonlinear mixed-
effects model. “Nonlinear” refers to the fact that the dependent 
variable (e.g., concentration) is nonlinearly related to the model 
parameters and independent variable(s). “Mixed-effects” refers 
to the parameterization: parameters that do not vary across 
individuals are referred to as “fixed effects,” parameters that 
vary across individuals are called “random effects.” There are 
five major aspects to developing a population pharmacokinetic 
model: (i) data, (ii) structural model, (iii) statistical model, (iv) 
covariate models, and (v) modeling software. Structural models 
describe the typical concentration time course within the popu-
lation. Statistical models account for “unexplainable” (random) 
variability in concentration within the population (e.g., between-
subject, between-occasion, residual, etc.). Covariate models 
explain variability predicted by subject characteristics (covari-
ates). Nonlinear mixed effects modeling software brings data 
and models together, implementing an estimation method for 
finding parameters for the structural, statistical, and covariate 
models that describe the data.1

A primary goal of most population pharmacokinetic model-
ing evaluations is finding population pharmacokinetic param-
eters and sources of variability in a population. Other goals 
include relating observed concentrations to administered 
doses through identification of predictive covariates in a tar-
get population. Population pharmacokinetics does not require 
“rich” data (many observations/subject), as required for anal-
ysis of single-subject data, nor is there a need for structured 
sampling time schedules. “Sparse” data (few observations/
subject), or a combination, can be used.

We examine the fundamentals of five key aspects of pop-
ulation pharmacokinetic modeling together with methods 
for comparing and evaluating population pharmacokinetic 
models.

DATA CONSIDERATIONS

Generating databases for population analysis is one of the 
most critical and time-consuming portions of the evaluation.2 
Data should be scrutinized to ensure accuracy. Graphical 
assessment of data before modeling can identify potential 
problems. During data cleaning and initial model evaluations, 
data records may be identified as erroneous (e.g., a sudden, 
transient decrease in concentration) and can be commented 
out if they can be justified as an outlier or error that impairs 
model development.

All assays have a lower concentration limit below which 
concentrations cannot be reliably measured that should 
be reported with the data. The lower limit of quantification 
(LLOQ) is defined as the lowest standard on the calibration 
curve with a precision of 20% and accuracy of 80–120%.3 
Data below LLOQ are designated below the limit of quantifi-
cation. Observed data near LLOQ are generally censored if 
any samples in the data set are below the limit of quantifica-
tion. One way to understand the influence of censoring is to 
include LLOQ as a horizontal line on concentration vs. time 
plots. Investigations4–7 into population-modeling strategies 
and methods to deal with data below the limit of quantification 
(Supplementary Data online) show that the impact of cen-
soring varies depending on circumstance; however, methods 
such as imputing below the limit of quantification concentra-
tions as 0 or LLOQ/2 have been shown to be inaccurate. As 
population-modeling methods are generally more robust to 
the influence of censoring via LLOQ than noncompartmental 
analysis methods, censoring may account for differences in 
the results when applied to the same data set.

It is worthwhile considering what the concentrations 
reported in the database represent in vivo. Three major con-
siderations of the data are of importance. First, the sampling 
matrix may influence the pharmacokinetic model and its 
interpretation. Plasma is the most common matrix, but the 
extent of distribution of drug into RBC dictates (i) whether 
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