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The Impact of Aging on the Liver

Introduction
The liver is a resilient organ that maintains
its homeostatic functions with age. Rou-
tine tests of liver function (serum bilirubin,
serum albumin, aminotransferases, alka-
line phosphatase and INR) remain normal
in the healthy elderly.1 Unlike the heart,
brain and kidneys, the liver is not affected
by common degenerative diseases such as
atherosclerosis, diabetes and hyperten-
sion. The liver is spared these diseases
probably as a result of its dual blood sup-
ply, abundant reserve and regenerative
capacity.2 Nevertheless, certain age-relat-
ed changes do occur in the senescent liver
that deserve consideration.

Morphology and Physiology
The characteristic gross change that occurs
in the aging liver is “brown atrophy”. The
darkened colour is due to accumulation of
lipofuscin pigment within hepatocytes.
Liver mass declines relative to body mass,
a change that is accompanied by a decrease
in total hepatic blood flow.3 Arecent study
has suggested a discrepancy between the
decrease in size measured by computed
tomography and the total hepatocyte cell
mass. Using radio-labelled albumin as a
marker of functioning hepatocytes, Wak-
abayashi, et al. showed an exaggerated
decline in functional hepatocyte mass even
when accounting for the decline in total
liver size with age.4 The decline in liver
blood flow in this study correlated with the
decrease in functional hepatocyte mass
rather than the total liver volume, sug-
gesting that blood flow per hepatocyte
remains unchanged with age. Dynamic

tests of hepatic function show a decline
with age. The hepatic elimination of galac-
tose and caffeine is significantly reduced in
the elderly population,5 in keeping with
the reduction in hepatocyte mass.

At the microcirculatory level, liver
sinusoids demonstrate endothelial thick-
ening and loss of fenestrations, referred to
as pseudocapillarisation.6 Kupffer cells,
important in the elimination of endotoxin
and tumour cells, suffer a decline in
phagocytic function with aging.7 At the
ultrastructural level, hepatocytes demon-
strate a decline in rough endoplasmic
reticulum and mitochondria.8

Response to Injury
The liver is generally quite tolerant of both
acute and chronic insults. It is capable of
recovering from interruption of its blood
supply and oxygenation for periods lasting
one hour.9,10 However, as the liver ages, its
ability to regenerate after toxic injury is
impaired—the regenerative response is
complete but it takes longer.11,12 Clinical
experience has shown that mortality after

fulminant hepatic failure is higher in the
aged population regardless of the etiology
of the hepatic injury,13 although mecha-
nisms other than impaired hepatic regen-
eration may contribute. 

The reduced ability of the older liver
to regenerate may have an impact on the
natural history of some liver diseases. The
rate of progression to cirrhosis in patients
with chronic hepatitis C is directly associ-
ated with age at the time of contracting the
infection.14 This finding agrees with the
observation that livers from older donors
that are transplanted into hepatitis C-
infected recipients are more likely to be
damaged by the virus compared to
younger grafts.15 The delayed regenerative
response does not prevent major hepatic
resection in the elderly patient, however.
Resection of over 50% of hepatic volume is
compatible with a full recovery in the eld-
erly, and the risks of hepatic surgery in this
age group are determined by comorbidi-
ties, such as cardiovascular disease.16,17

Liver transplantation has benefited
from the liver’s resilience, and has provid-
ed insight into the ability of the liver to
recover from preservation injury. Livers
from elderly donors (older than 70 years)
will function successfully after transplan-
tation, a procedure that requires an obliga-
tory period of liver storage at near freezing
temperatures.18,19 Experimental studies
have shown that aged livers are more sus-
ceptible to cold preservation injury than
young livers, leading to the recommenda-
tion that the preservation period should be
kept as short as possible.20 Experimental

David Stell, PhD, FRCS(Gen) and William J.Wall, MD, FRCS(C), Department of Surgery
and Multi-Organ Transplant Program, London Health Sciences Centre, London, ON.

Biology of Aging

Phase I Phase II

Action Oxidation, reduction hydrolysis Glucuronidation and 
methylation

Location Smooth endoplasmic reticulum Cytosol

Reduced in aging Yes Unknown

Commonly used drugs – anticonvulsants
affected in the elderly – calcium-channel antagonists

– non-steroidal anti-inflammatories
– some antihypertensives

Phases of Drug Metabolism

The process of aging does not produce changes in the liver that can be described as pathological.
The major age-related alterations are a reduction in liver mass and a reduction in total blood flow,
neither of which interferes with the liver’s normal homeostatic functions. In spite of the liver’s
resilience,however, the aged liver is more vulnerable to injury from toxins,viruses and ischemia,
and its capacity to regenerate is slowed.There also is a decline in liver enzymes with aging that
affects metabolic clearance of drugs,a finding that has implications for drug dosing in the elderly.
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liver grafts in rats have demonstrated that
the liver can not only survive for excep-
tionally long periods of time, but that it con-
tinues to perform its normal metabolic
functions even when it has survived far
beyond the maximum recorded life-span
for rodents.21 The “bioprolonged” livers
demonstrate more pronounced histologi-
cal features of aging, but the organs did not
develop pathological changes.

Influence of Age on Common 
Liver Diseases
Age has a variable impact on other com-
mon liver diseases. Cirrhosis normally
develops after many years of alcohol abuse
and the peak incidence of presentation
with alcoholic cirrhosis is in the seventh
decade.22 The complications of alcoholic
liver disease also are more severe in the
elderly; one study of alcoholic cirrhotic
patients has shown an annual mortality
rate of 50% among patients older than 60
years, compared to 7% in patients younger
than 60.23 Similarly, primary biliary cirrho-
sis most commonly presents in women in
the sixth decade, and once symptoms
develop, most series have shown that
increasing age has an adverse effect on
patient survival.24 Autoimmune liver dis-
eases, however, generally affect younger
women, and two series have shown that
only 20% of cases of autoimmune hepati-
tis occur in patients older than 65 years, an
age group in which the diagnosis is often
delayed.25,26 The prognosis in this age
group is excellent however, as the disease
generally follows a more benign course
that rarely leads to cirrhosis.25

Drug Metabolism in the Elderly
Drug metabolism by the liver can be broad-
ly divided into two phases (Table 1). Phase
I involves oxidation, reduction and hydrol-
ysis and serves to make compounds more
hydrophilic, while Phase II reactions add
glucuronide or methyl groups to assist in
renal elimination.27 Phase I reactions are
performed by enzymes of the cytochrome
P450 system and occur in the smooth
endoplasmic reticulum of hepatocytes,
whereas Phase II reactions occur in the
cytosol. Most studies of hepatic drug
metabolism in the elderly have addressed
changes in Phase I enzymes. 

Astudy of liver biopsies from a large,
heterogenous population has shown a
gradual decline in the hepatocyte concen-
tration of P450 enzymes with age.28 Fur-
thermore, these microsomal enzyme
reactions are oxygen-dependent, so will be
affected by the relative hypoxia which fol-
lows pseudocapillarisation of the hepatic
sinusoids with age.29 These findings, along
with the decline in hepatocyte mass and
hepatic blood flow in the elderly, explain
the reduced clearance of many drugs in
this population. This is an important con-
sideration when prescribing drugs to the
elderly that are metabolised predominant-
ly by the liver, such as anticonvulsants30

and calcium-channel antagonists.31 An
important consideration in caring for the
elderly is the high incidence of polyphar-
macy and drug reactions in this age group,
so that in general, lower doses of hepati-
cally-metabolised drugs are indicated
compared to a younger age group.             ◆
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