
Does Everything Get Slower with Age? Pharmacokinetics in the Elderly

The pharmacokinetics (PK) of a drug de-
termine its systemic exposure and thereby
affect its safety and efficacy. The multi-
tude of physiological changes occurring
with aging could impact drug absorption,
distribution, metabolism or excretion, the
key processes how the body is dealing with
drugs. Another important, PK-related
topic is the risk for relevant drug-drug in-
teractions considering the number of
drugs taken concomitantly by elderly pa-
tients. At the same time there are exam-
ples for relevant differences in the magni-
tude of drug effects, i.e. the pharmacody-
namics of a drug in an aged vs. young pop-
ulation. These could be caused by differ-
ences in the number of receptors in the
target organ as well as the response to
receptor occupation, or by progressive re-
duction in homeostatic mechanisms, and
could affect the efficacy as well as the
safety [1]. Such age-related changes in
the pharmacodynamics of a drug shall,
however, not be addressed in this article
despite their proven clinical relevance.

When discussing age-related changes in
the PK of drugs, and in particular their con-
sequences for dosing recommendations in
aged patients, one needs to keep in mind
that aging is a gradual, complex and pro-
gressive process and that there are no es-
tablished biological age markers. While
there is societal consensus to define elder-
ly as individuals aged 65 years or older [1],
dividing elderly in three age groups, such
as 65–75, 76–85, and > 85 might help in
better describing the aging processes [2].

Absorption

As most drugs are administered perorally,
age-related changes of the gastrointesti-
nal tract could be expected to be a major
source of PK differences with age. Such
age-related physiological changes include,
e.g. decreased absorption surface and gas-
trointestinal motility, delayed gastric emp-
tying, increased gastric pH. The gastro-
intestinal absorption of most drugs, in par-
ticular when permeating by passive diffu-
sion, remains, however, unchanged [1,2].
This can be different for drugs affected by
an extensive first-pass metabolism show-

ing a marked increase in bioavailability in
some cases [3,4].

Other routes of administration, e.g. trans-
dermal, subcutaneous or intramuscular,
might be affected by reduced tissue blood
perfusion resulting in lower rate of drug
absorption [1], although e.g. for the skin
such changes were not considered to be
clinically relevant [5]. Age-related changes
in lung function (e.g. increased lung ri-
gidity resulting in narrower respiratory ca-
pacity) or the eye (e.g. reduced tear film)
can affect drug absorption via these routes
[5].

Distribution

Changes in the body composition with ad-
vancing age, like increase in body fat and
decrease in plasma volume and body
water, can lead to an increase of the appar-
ent volume of distribution of lipophilic
drugs and its decrease for hydrophilic
drugs [6] with potential consequences on
the elimination half-life. Little clinical rele-
vance is attributed to age-related changes
in protein binding [2].

Metabolism

Despite the consensus on a marked age-
related reduction in liver mass and hepatic
blood flow, the effect of age on hepatic
drug metabolism continues to be contro-
versial [1]. There is evidence for a decrease
in cytochrome P450 (CYP) oxidases with
age resulting in decreased clearance [7,
8]. At the same time, there are numerous
examples of drugs subject to CYP-mediat-
ed metabolism, but with unchanged clear-
ance in the elderly [1]. These latter find-
ings are in line with several in vitro investi-
gations on hepatic enzyme content and
activity investigated in hepatocytes and
liver microsomes of different age groups
[2]. There is consensus in the community
that the activity of phase 2 metabolic en-
zymes is preserved in the elderly as well
as the ability for and extent of enzyme in-
duction [2,6].

Excretion

The apparently most prominent change
affecting the PK of predominantly renally
excreted drugs is the age-related decline
in renal function. Glomerular filtration rate
(GFR) declines by 25–50% between the
ages of 20 and 90 [1]. About 11⁄33 of the pop-
ulation is, however, not affected by these
changes [2]. Studies suggest that the de-
cline in renal function is more caused by
confounding factors like hypertension or
chronic heart disease than by age per se
[9]. The Cockroft-Gault, MDRD or CKD‑EPI
equations allow easy calculation of renal
creatinine clearance as an indicator of GFR
based on serum creatinine concentrations,
body weight and age and can be used for
calculating dose adjustment.

Drug-drug interactions

The number of drugs taken concomitantly
increases with the appearance of multi-
morbidities in the elderly. This increases
the risk for drug-drug interactions (DDI)
and resulting adverse drug reactions rele-
vantly. A study in 1600 patients above the
age of 65 in 6 European countries revealed
a concomitant intake of 7 drugs on aver-
age in this population, thereof at least
one combination possibly leading to a
DDI in 46% of the patients [10].

Conclusions

Despite several physiological changes oc-
curring with aging, their sole impact on
the PK of most drugs is limited. Disease-re-
lated changes, in frail patients in particu-
lar, as well as polypharmacy in the aged
appear to have the more relevant effect.
With that and the age-related changes on
the pharmacodynamic side, elderly remain
a vulnerable patient population affected
by a 2–3-fold higher rate of adverse drug
reactions than adult patients below the
age of 30 years [1]. In the absence of gen-
eral rules, the individual product label
needs to be consulted in order to mitigate
the risk for adverse reactions in the elderly.
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