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Figure 14.2 Fitted Viral Load Trajectories for Four Randomly Selected Patients in the
HIV Study Based on NLME Model (14.9) (solid lines), Nonlinear Model (14.8) (dotted
lines), and the Quadratic LME Model (dashed lines). The open circles are observed viral loads

the nonlinear model (14.8) and the quadratic
LME model. Figure 14.3 displays plots of
the residuals versus the fitted values and the
smooth curves fitted by Loess. We find that
the quadratic LME model fails to capture
the nonlinear viral load trajectories over time.
Finally, the normality assumptions for the ran-
dom errors and for the random effects seem
to be plausible (see Figures 14.4 and 14.5).

14.5.2 Example 2:
Pharmacokinetics Models

Pharmacokinetics plays an important role
in the determination of drug action within
the living organism. Pharmacokinetics stud-
ies the time course of absorption, distribu-
tion, metabolism, and elimination of some
substance in the body, given a drug dose, i.e.,
the movement of drugs in the body. Suppose
that a substance enters the body via inges-

tion. Let y(t) be the concentration of the sub-
stance in the body at time t (usually measured
in the blood), and let µ(t) = E(y(t)). Let
µ0(t) be the amount at the absorption site
(e.g., stomach). A commonly used first-order
one-compartment model is based on the dif-
ferential equations

dµ(t)
dt
= β1µ0(t)− β2µ(t),

dµ0(t)
dt

= −β1µ0(t),

where β1 is the absorption rate and β2 is the
elimination rate. The above differential equa-
tions have an analytic solution given by

µ(t) =
β1β2x

(β1 − β2)β3

(
e−β2t

− e−β1t),
(14.10)

where x is the dose of the substance and β3 is
the clearance.




