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the application of these guidelines to long-term tr
mens and to the large number of patients with 
disease who are managed in primary care. In additio
specifically address dosage.

Long-term pharmacotherapy carries the risk of 
reactions that account for more than 5% of acute ad
around 7000 deaths per year in the United States
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ABSTRACT

• The relationship between drug dose and clinical outcome has 
not been established for many medications used to treat 
chronic disease. Evidence is emerging that chronic diseases 
can be treated effectively with low doses.

• Adverse drug reactions account for significant morbidity and 
mortality and are generally dose related.

• Optimal drug dose — the best balance of benefit and risk — 
varies between individuals and may change over time. When 
treating chronic disease it is important to establish and 
maintain the optimal dose for each patient by close clinical 
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monitoring.
hr
as 
suC
 onic diseases are creating a growing burden of ill health

populations age1 and become more obese,2 and as
rvival from many conditions improves. Long-term phar-

macotherapy is used increasingly to control symptoms and slow
disease progression. Unfortunately, there is a dearth of reliable
information about drug dosages for, and outcomes of, long-term
treatment of physical and mental illness. Dosages recommended in
clinical practice guidelines are usually derived from studies of
acute and severe cases of disease. There is little research to support

eatment regi-
mild cases of
n, few studies

adverse drug
missions3 and
.4 High drug

doses are associated with an increased risk of adverse effects, as
shown with aspirin,5 β-blockers,6 angiotensin-converting enzyme
(ACE) inhibitors,7 statins,8 opioids,9,10 cyclo-oxygenase-2 inhibi-
tors,11 oral contraceptives,12 cytotoxics,13 antidepressants14 and
atypical antipsychotics.15 Allergic reactions are also more likely
with high doses.16

High drug doses are not necessarily more effective than low
doses. For example, increasing the dose of a selective serotonin
reuptake inhibitor for patients with major depressive disorder may
not be associated with useful clinical improvements.17 Moreover,
low doses of opioids,18 antidepressants,14 antipsychotics19 and
lithium20 are similarly effective to or marginally less effective than
high doses, but are associated with appreciably fewer adverse
effects. Of concern, adverse effects of psychotropics and symptoms
of mental illness can overlap — for example, insomnia, fatigue,
somnolence, nausea, sexual dysfunction and weight gain.21,22 If
these symptoms are incorrectly attributed to illness, they may be
inadvertently perpetuated by increases in dose.

High doses used in acute severe disease are often decreased for
maintenance purposes. Frusemide can be used at up to 160 mg
daily for the treatment of acute pulmonary oedema, but decreased
to 20–40 mg daily to prevent recurrence. Similarly, initial daily
doses of 600 mg clopidogrel, 3 mg colchicine and 1200 mg ami-
odarone are typically decreased to maintenance doses of 75 mg,
0.5 mg and 200 mg, respectively.

However, many drugs are prescribed at or near maximum
recommended doses for the treatment of chronic disease —
including ACE inhibitors,23 antidepressants14 and antipsychotics19

— despite the lack of good evidence that this is necessary. There
are strategies for optimising therapeutic benefits other than
increasing dose. For example, if a blood pressure target is not
achieved with one drug, rather than increasing the dose and risk of
adverse effects, drugs working through different mechanisms can
be used with additive benefit but without additive adverse
effects.24 Similarly, the addition of low-dose dipyridamole to very
low-dose aspirin reduces the risk of recurrent stroke and other
vascular events by 23% compared with very low-dose aspirin
alone.25 Such additive effects form the basis of the polypill
concept26 and combination cytotoxic chemotherapy.

Lowest recommended drug doses are often not considered,27

even in mild disease, probably because of concern about sub-
therapeutic dosing. However, the aim should be optimal dosing.
Clinicians may prescribe high doses because clinical practice
guidelines and specialist opinion often encourage aggressive treat-
ment.28 Higher-than-necessary maintenance doses may also be
used because of insufficient communication between hospital
specialists and general practitioners regarding dose adjustment
during long-term follow-up.

The growing emphasis on aggressive treatment to target presents
challenges for optimal dosing, as more intense treatment can be
associated with significant adverse effects. For example, in the
Action to Control Cardiovascular Risk in Diabetes (ACCORD)
study, more intense oral hypoglycaemic and insulin treatment
increased weight, hypoglycaemia and mortality rate in patients
with type 2 diabetes mellitus.29 Another example is the atorvasta-
tin Treating to New Targets (TNT) study, in which adverse events
occurred in 8.1% of patients with coronary heart disease treated
with 80 mg daily, compared with 5.8% in those treated with 10 mg
daily.30 This 40% increase in side effects included a sixfold increase
in persistent elevation of alanine aminotransferase and/or aspartate
aminotransferase levels. Statins can also cause myopathy,8 type 2
diabetes31 and cerebral haemorrhage.32 Atorvastatin at 10 mg daily
has been shown to reduce coronary events by more than 61% after
3 years,33 and the TNT study appears to suggest that 80 mg daily
can increase this benefit to 78%. However, instead of increasing
the statin dose eightfold, cardiovascular risk may be further
lowered more safely by lifestyle changes and appropriate anti-
hypertensive and antiplatelet pharmacotherapy. Most of the pub-
lished evidence demonstrating reduced cardiovascular events with
statin therapy is in the low dose range,34 even in patients with
familial hypercholesterolaemia.35

With respect to outcomes, although haemodynamics improve
more in patients with cardiac failure who receive 25 mg carvedilol
twice daily than those who receive 6.25 mg twice daily, rehospital-
isation rates are similar for both dosing regimens.36 Also, reduced
mortality of patients with cardiac failure who are treated with
bisoprolol37 or metoprolol,38 compared with placebo, appears to
be the same at different doses. Furthermore, there is evidence that
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“less can be more” with respect to dose — lower doses of thiazide
diuretics in hypertension are associated with fewer coronary events
and deaths than are seen with higher doses,39 and lower blood
levels of digoxin in cardiac failure are associated with improved
survival compared with higher levels.40 Indeed, defined daily
doses for 20 out of 27 cardiovascular drugs have decreased since
they were first marketed.41

The use of low drug doses in chronic disease has become more
prevalent, especially in primary care and particularly for remission
maintenance. There is considerable evidence of good efficacy with
much lower doses than in the past of a variety of established
therapies — for example, aspirin for cardiovascular disease
(75 mg42 versus up to 650 mg daily), thiazides for hypertension
(12.5 mg versus 50 mg daily),39 spironolactone for cardiac failure
(25 mg43 versus 200 mg daily), inhaled fluticasone for asthma
(175 mg versus 500 mg daily),44 prednisolone for rheumatoid
arthritis (5 mg45 versus up to 25 mg daily) and haloperidol for
schizophrenia (50 mg versus 200 mg monthly).46

High drug doses may be necessary to treat resistant disease, but
dosage should be individualised during follow-up by close clinical
monitoring and close communication between the specialist and
primary care clinician. Due to wide variation between individuals
— in body size and physiology, cytochrome P450 enzyme sub-
types,20 severity of disease, and comorbidities — wide ranges of
optimal dose are to be expected. Pharmacogenetics may provide
practically useful understanding of interindividual variation in
drug metabolism and elimination in the future,47 but clinical
monitoring is paramount at present.

The case for low-dose pharmacotherapy in older patients is
particularly pertinent. Adverse drug reactions are an important
cause of hospital admissions in older people48 for various reasons.
Organ systems, particularly the central nervous system and cardio-
vascular system, are often diseased and potentially more sensitive
to drug effects. Drugs accumulate with reduced renal49 or hepatic
function.

If low doses provide sufficient efficacy in chronic disease, the
associated reduction in adverse effects should improve quality of
life, particularly for drugs that affect the central nervous system,
such as psychotropics and analgesics. The lowest effective dose is
also likely to improve patient compliance with medication. Effi-
cacy usually follows a sigmoid relationship with dose; however, as
benefits plateau with increasing dose, adverse effects continue to
increase. Therefore, the aim of optimal dosing is to achieve the best
balance between benefit and risk. Furthermore, lifestyle changes
involving diet, exercise, reduction in alcohol and tobacco con-
sumption and appropriate management of psychosocial stress may
reduce drug dose requirements in a range of chronic diseases. For
example, although statins can decrease mortality by more than
20%34 weight reduction with bariatric surgery can decrease mor-
tality by 40%50 by substantially reducing hyperlipidaemia, hyper-
tension and type 2 diabetes.51 Weight reduction with lifestyle
changes should be equally effective and allow reduction of statin
dose, and would also confer a broad range of other health benefits.
However, we recognise that many patients find it difficult to
achieve desirable changes in lifestyle.

In chronic disease, long-term care permits close individualised
dose titration against key clinical and laboratory indicators to
determine the dose at which improvement plateaus. This can be
applied to dose reduction for drug therapy that begins in hospital.
For treatment of mild illness in primary care, it is advisable to

“start low and go slow” to avoid exceeding the optimal dose,
particularly with drugs that have a narrow therapeutic window,
such as digoxin. This may not be as important with drugs that
have a wider therapeutic window, such as angiotensin receptor
blockers. Close monitoring is essential to avoid undertreatment,
especially as diseases often progress and dose increases may
therefore be required.

The emerging evidence that low drug doses may be as effective
as high doses in the management of chronic disease, with the
advantages of reduced adverse effects and potentially improved
quality of life, deserves systematic evaluation. In the absence of
reliable research, differences in opinion among clinicians will
remain. Sufficiently powered studies are needed to address impor-
tant outcomes at different doses, and research is required to
establish the best measures for reliable clinical monitoring that can
guide optimal dosage. For new drugs in particular, wide ranges of
dose should be evaluated with respect to long-term outcomes.
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