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Ageing is associated with several changes in human organs, which result in altered

medication pharmacokinetics and pharmacodynamics. Ageing is also associated with

changes in human body functions, such as impaired vision, hearing, swallowing,

motor and cognitive functions, which can affect the adequate intake and administra-

tion of drugs. As a consequence, older people, and especially patients older than

75 years, are the main users of many drugs and they frequently use 5 drugs or more

long-term (i.e. polypharmacy). All this increases the complexity of adequate drug

intake, administration and adherence. However, there is a lack of evidence on the

considerations that should be taken into account to ensure appropriate drug pre-

scribing to older people. This review article summarizes the most clinically relevant

changes in human organ and body functions and the consequential changes in phar-

macokinetics and pharmacodynamics in older people, along with possible dosing con-

sequences or alternatives for drugs frequently prescribed to this patient population.

Recommendations are given on how ageing could be considered in clinical drug

development, drug authorization and appropriate prescribing.
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1 | INTRODUCTION

1.1 | Ageing population

The world's population is ageing rapidly. In Europe, the number of

people older than 65 years will grow from 17.4% of the population in

2010 to 29.5% in 2060.1 In addition, there will be an increase in the

percentage of people aged 80 years and older (the oldest-old) and by

2060 the number of people older than 80 years will nearly have tri-

pled to 12%.2 Many of the oldest-old are considered frail, which is a

medical syndrome with multiple causes and contributors. It is charac-

terized by diminished strength, endurance, walking speed and reduced

physiological function. All this increases an individual's vulnerability

for developing increased dependency and/or death.3

1.2 | Life expectancy

For the first time in history, most people can now expect to live into

their 60s and beyond. In low- and middle-income countries, this is

largely the result of reductions in mortality at younger age due to

improved mother and child care, adequate food intake, hygiene,

improved treatment of infectious diseases, and a politically safe envi-

ronment. In the developed world, the further increase in life expec-

tancy is mainly due to declining mortality amongst older people,

which is the result of improved medical care such as the prevention

and treatment of cardiovascular diseases and the development of

anaesthesiology medicines and techniques.1 In the developed world,

all this has also resulted in a gradual epidemiological shift in the main

causes of death. Whereas infectious diseases and acute illness used to
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be the main cause of death, nowadays it is chronic diseases such as

heart failure and degenerative illnesses.4

Ageing comes with an increase in disease burden, although in low-

and middle-income countries older people generally carry a greater dis-

ease burden than those living in developed countries. The main causes of

disability are sensory impairments (particularly in low- and lower-middle

income countries), back and neck pain, chronic obstructive pulmonary dis-

ease (particularly in low- and lower-middle-income countries), depressive

disorders, falls, diabetes, dementia and osteoarthritis. These diseases may

not only have a significant impact on how to prescribe drugs, but they

also require changes in the way societies are organized in order to imple-

ment prevention programmes, e.g. against diabetes or falls, and how soci-

eties foster adequate medical, pharmaceutical and assistive care against

acceptable cost.1 An increased life expectancy also implies that even

drugs with a longer time until benefit can be beneficial to older people.

1.3 | Biological changes associated with ageing

The decline in human organ and body functions associated with (bio-

logical) ageing is caused by changes in multiple biological mechanisms.

These changes are caused by increased oxidative stress, increased

lipid peroxidation, telomere shortening, altered gene expression and

upregulation of apoptosis, leading to damage to mitochondrial and

nuclear DNA.5 All this will also alter the pharmacokinetics and phar-

macodynamics of many drugs, where pharmacokinetics relates to the

movement of a drug into, through and out of the human body

(absorption, bioavailability, distribution, metabolism and excretion),

and pharmacodynamics to the biochemical and physiological effects

of drugs on the body and their mechanism of action.6

Although ageing (biological) and chronological age are not strongly

associated, chronological age is clearly associated with a gradual

decline in human organ and body functions. This decline results in an

increase in (co-)morbidities and an increasing number of older people

on polypharmacy (chronic use of ≥5 drugs). Physicians experience dif-

ficulties in managing drug therapies in older people due to the altered

pharmacokinetics and pharmacodynamics of the drug in combination

with practical user problems, especially as there is a lack of evidence

on which to base prescribing decisions i.e. evidence-based medicine.

This review article summarizes the most clinically relevant changes

in human organ and body functions and the consequential pharmaco-

kinetics and pharmacodynamics in older people, along with possible

dosing consequences or alternatives for drugs frequently prescribed

to this patient population. Recommendations are given on how ageing

could be considered in clinical drug development, drug authorization

and appropriate prescribing.

2 | HOW ALTERED HUMAN ORGAN
FUNCTIONS AFFECT PHARMACOKINETICS

The absorption, distribution, metabolism and excretion of drugs are

affected to a varying extent by the ageing process itself and by dis-

eases commonly associated with ageing (Table 1).14

2.1 | Absorption

Absorption is the movement of a drug from the site of administration

into the systemic circulation. For oral and partly also for rectal drugs,

it takes place mainly via the small intestine. For other drugs, it may

take place via e.g. the skin, muscle, subcutaneous layer or lungs. The

bioavailability of a drug refers to the portion of an ingested dose that

reaches the systemic circulation.15

There are several physiological changes in the gastrointestinal

tract with advancing age that may affect the bioavailability of oral and

rectal drugs. Examples include reduction in intestinal blood flow and

gastric acid production, or decreased gut motility and delayed gastric

emptying because of a loss of local neural control. Pharmacokinetic

studies on the effect of ageing on drug absorption have yielded con-

flicting results. Several studies did not show any age-related differ-

ences in absorption rates for different drugs.16 However, other

studies have shown a reduced absorption of vitamin B12, iron and cal-

cium and an increased absorption of levodopa and other drugs.17 For

drugs absorbed by passive diffusion in the gut such as penicillins, diaz-

epam and metronidazole, there do not seem to be any age-related

changes.18 Hypochlorhydria is more common in older adults, which

may reduce the absorption of weakly basic drugs, such as

ketoconazole.18

The absorption rate of subcutaneous or intramuscular drugs from

their site of administration into the blood circulation can be reduced

by decreased tissue blood perfusion and increased by reduced muscle

mass (which mainly impacts drugs administered as depot prepara-

tions).19 Reductions in chest wall compliance, ventilation–perfusion

matching and alveolar surface area may decrease the absorption of

drugs via the inhaled route.20 Thus, in general drug absorption is

affected by the ageing process; however, in most cases, it is of no clin-

ical importance.

2.2 | First-pass metabolism and bioavailability

First-pass metabolism can be defined as the metabolism of a drug or

other substance before it reaches the systemic circulation. It mainly

occurs in the liver (e.g. for propranolol and lidocaine) by CYP3A4, the

most important enzyme in first-pass metabolism. It can also occur in

the gut (e.g. for benzylpenicillin, calcium antagonists and insulin),

where CYP3A4 is also present.21 The impact of first-pass metabolism

decreases with advancing age, which is probably due to a reduction in

liver mass and blood flow and also decreased CYP and other biotrans-

formation enzyme activity, such as flavine monooxygenases and UDP

glucuronosyl transferases. Therefore, the bioavailability of drugs

undergoing extensive first-pass metabolism and consequently, having

low bioavailability, such as opioids and metoclopramide, can be signifi-

cantly increased. As a consequence, these drugs, and especially those

with a narrow therapeutic index, should be initiated at a low dose.

Alternatively, other routes of administration, such as intravenous,

intramuscular, transdermal and sublingual can be considered. First-

pass activation of several pro-drugs, such as the angiotensin-conver-

ting enzyme inhibitors enalapril and perindopril, may also be reduced
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with decreasing first-pass metabolism, possibly leading to lower sys-

temic concentrations of the active drug substance.22 This is, however,

not a clinically relevant effect for drugs with a broad therapeutic index

such as angiotensin-converting enzyme inhibitors.

For dermal products, the age-related reduction in the hydration

and lipophilic content of the older skin may theoretically reduce the

absorption of hydrophilic drugs. However, no significant differences

in transdermal absorption between young and older people have been

observed in clinical practice and so far, there does not seem a need to

consider this aspect upon prescribing.23

2.3 | Distribution

The term volume of distribution relates to the ratio of the total

amount of drug in the body to drug plasma concentration. It is deter-

mined by drug- and patient-related factors. Drug-related factors e.g.

relate to the level of protein and tissue binding, acidity, lipophilicity,

water solubility, charge and size.4 Changes in the patient body compo-

sition, including a progressive reduction in the proportion of total

body water and consequently a relative increase in body fat, may alter

the volume of distribution of drugs in older people. Polar, mainly

water-soluble, drugs will in contrast have smaller volumes of distribu-

tion resulting in higher plasma concentrations in older people

(e.g. gentamicin, digoxin, lithium and theophylline). For these drugs,

the dose should be reduced.4 However, nonpolar drugs

(e.g. benzodiazepines, morphine and amiodarone) are more lipid-solu-

ble and so their volume of distribution increases with age. The main

clinically relevant effect of an increased volume of distribution is a

prolongation of the terminal elimination half-life, since more lipid-sol-

uble drugs may form a deposit in the body fat. An increased volume

of distribution and elimination half-life have been demonstrated for

drugs such as diazepam, thiopental and lidocaine. Consequently, after

discontinuation of treatment adverse effects continue for a longer

period of time.4

The 2 primary drug binding proteins are α-1-acid glycoprotein and

albumin. Acidic compounds (e.g. diazepam, phenytoin, naproxen, war-

farin, acetylsalicylic acid) mainly bind to albumin whereas basic drugs

(e.g. lidocaine, clozapine, propranolol) bind to α-1 acid glycoprotein.

Although no substantial age-related changes in the concentrations of

both proteins have been observed, albumin is commonly reduced in

people with malnutrition, cachexia or acute illness whereas α-1 acid

glycoprotein is increased during inflammatory disease and cancer. An

increase in α-1 acid glycoprotein may therefore cause a decrease of

the free fractions of lidocaine, clozapine, propranolol and other basic

drugs. The main factor determining drug effect is the free (unbound)

concentration of the drug. Although changes in plasma protein bind-

ing may theoretically contribute to changes in physiological effects of

drugs that are highly protein-bound, its clinical relevance is limited for

most of the drugs.24

P-glycoprotein (P-gp) is a membrane-associated protein located

mainly in the gut-kidney and blood–brain barrier, whose primary func-

tion is as an efflux pump.25 Changes in P-gp activity in older patients

have not been extensively studied. One study involving the P-gp

substrate verapamil, showed decreased P-gp activity in the blood–

brain barriers of older people, which could indicate that the ageing

brain is at higher risk for increased drug exposure, especially for drugs

that are actively pumped out of the brain by P-gp, such as domp-

eridone, loperamide, paclitaxel, ondansetron and cyclosporine A.26,27

2.4 | Metabolism

Metabolism refers to the breakdown of drugs by the body generally

rendering more water-soluble substances that are more readily

excreted from the body. The liver is the primary location for drug

metabolism. Its enzymes transform lipid-soluble drugs into more

water-soluble compounds before elimination from the body. These

transformations occur as a result of phase I cytochrome P450 enzyme

reactions, such as oxidation, reduction and hydrolysis, or phase II con-

jugation reactions, such as glucuronidation, sulfation or acetylation.28

As mentioned before, the most important cytochrome P450 enzyme

involved in (first-pass) metabolism is CYP3A4. The rate of drug metab-

olism in the liver depends on the capacity of the liver to remove the

drug from the systemic circulation (i.e. hepatic extraction ratio), which

is mainly dependent on the hepatic blood flow, but also on the uptake

of the drug into hepatocytes, and the enzyme metabolic capacity. Fac-

tors that may contribute to potential alterations in hepatic clearance

in older adults are reduction in liver volume, blood flow and metabolic

capacity.29

2.4.1 | Liver volume

The reduction in liver volume which may be down to 30% in older

people compared to younger adults, is known to have an impact on

drug clearance.30 Several studies have shown age-related reductions

in the clearance of many drugs mainly metabolized by phase-1 path-

ways in the liver. Phase-2 pathways do not seem to be significantly

affected.30 Thus, although the reduction in hepatic metabolism is pre-

sent, it is in general not of clinical relevance, except for drugs under-

going extensive first-pass metabolism such as opioids and

metoclopramide. In these cases, the intended effect can be reached

with lower drug doses, as the bioavailability will increase due to the

reduced first-pass metabolism.

2.4.2 | Blood flow

Drugs are classified into 3 groups based on their extraction ratio (E):

high (E > 0.7, such as lidocaine, pethidine and propranolol), intermedi-

ate (E 0.3–0.7, such as acetylsalicylic acid, codeine, morphine and

triazolam), and low extraction ratio (E < 0.3, such as carbamazepine,

diazepam, phenytoin, theophylline and warfarin). When E is high, the

blood flow is the rate-limited step in excretion. In case of a low E,

changes in blood flow have low impact on clearance. Consequently,

the age-associated reduction in liver blood flow with approximately

1% per year from the age of 30 years affects mainly the clearance of

drugs with a high extraction ratio. Labetalol, nifedipine and verapamil

indeed showed increased plasma levels in older patients; however,

DRENTH-VAN MAANEN ET AL.1924



other high-extraction drugs showed no difference in bioavailability.31

Nevertheless, it has been recommended that the dose of flow-limited

drugs should be reduced by approximately 50% in older people, since

a consistent decrease of 15–60% is seen in older people receiving

flow-dependent drugs intravenously, and 50% or more of flow-depen-

dent drugs given orally.29

2.4.3 | Metabolic capacity

Although no particularly strong effects of the combined effects of age

and metabolic genotype on pharmacokinetics have been demon-

strated, a moderate ~1.5-fold increase in systematic exposure of drugs

is found and, in a few drugs, systemic exposure can rise 2-fold or even

more. Examples include capecitabine (due to reduced activity of

dihydropyrimidine-dehydrogenase), clomipramine (CYPD2D6/

CYP2C19), codeine, ezetimibe, fluvoxamine, paroxetine, venlafaxine

and zolpidem.32

For metabolic capacity-limited drugs with low protein binding,

such as paracetamol and theophylline, there is evidence to suggest a

decreased metabolic clearance of 30–50% in older people. For meta-

bolic capacity-limited drugs with high protein binding, such as

naproxen and valproic acid, total clearance is unreliable, as changes in

protein binding may obscure the true intrinsic clearance. However,

there is evidence of a decrease in free clearance of around 50% in

older people.29

2.5 | Excretion

Excretion is the process by which metabolic waste is eliminated from

the body via the urine, faeces, bile or lungs. The most important

route is renal excretion. The kidney decreases in size by 20–30%

between age 30 and 80 years, and microscopic analysis of the older

kidney has shown increased fibrosis and tubular atrophy.33 The age-

related reduction in glomerular filtration rate affects the clearance of

many drugs such as water-soluble antibiotics, diuretics, digoxin,

water-soluble β-blockers, lithium, nonsteroidal anti-inflammatory

drugs and newer anticoagulant drugs such as dabigatran and

rivaroxaban. Much of this decline appears to be caused by morbid-

ities commonly associated with age, such as hypertension, rather

than the natural ageing process. The clinical importance of such

reductions of renal excretion is dependent on the width of the thera-

peutic index and therefore the risk of toxicity. Drugs with a narrow

therapeutic index such as aminoglycoside antibiotics, digoxin and

lithium are known to have serious adverse effects if they accumulate

only marginally more than intended. Because of diminished muscle

mass in older patients, serum creatinine may be within the reference

limits, while renal function is markedly diminished. Estimation of the

glomerular filtration rate with the Chronic Kidney Disease Epidemi-

ology Collaboration (CKD-EPI) or Modification of Diet in Renal Dis-

ease (MDRD) formulas may be helpful. However, these formulas are

not well validated in frail patients. Although in general the Cock-

croft–Gault (CG), MDRD and CKD-EPI estimate the mean GFR of an

older population well, in individual cases, all formulas may

misestimate kidney function by up to 30 mL/min/1.73 m2.34-36

Unlike the CG formula, the MDRD equation does not require knowl-

edge of the individual's weight. A major limitation of the MDRD for-

mula is that it underestimates renal function at or above a GFR of

60 mL/min/1.73 m2, leading to an overestimation of CKD preva-

lence.37 By contrast, use of the CKD-EPI results in an increased

prevalence of eGFR <60 mL/min/1.73 m2 in older people.38 Flamant

et al. concluded in a review comparing the CG to MDRD and CKD-

EPI that MDRD and CKD-EPI should be preferred in older people.39

The 2012 KDIGO clinical practice guideline for the evaluation and

management of chronic kidney disease recommend the use of the

CKD-EPI equation to estimate GFR instead of the MDRD due to bet-

ter accuracy.40 More recently, cystatin-C based equations have been

developed, which may be more accurate; however, since cystatin-C

is not yet generally available for daily use, use of these equations is

not recommended by the KDIGO guideline.41

3 | HOW ALTERED HUMAN ORGAN
FUNCTIONS AFFECT PHARMACODYNAMICS

As stated above, pharmacodynamics describe the effects of drugs on

the body.5 The degree of a drug's pharmacological effect depends on

the number and the affinity of target receptors at the site of action,

signal transduction, and regulation of homeostasis.19 Pharmacody-

namic changes in older people are more complicated to investigate

and predict. Studies have reported altered pharmacodynamics with

drugs acting on the central nervous system and cardiovascular drugs.

For example, older people have a decreased sensitivity of their car-

diac β-1 and β-2 adrenergic receptors and therefore a decreased

response to β-agonists, such as dobutamine (β-1 agonist) and sal-

butamol (β-2 agonist).18,42 The mechanisms of action for these

changes are still largely unclear. Proposed mechanisms of action

include changed concentrations of neurotransmitters and receptors,

hormonal modifications, increased blood–brain-barrier permeability,

decreased P-gp activity and impaired glucose metabolism.43 Changes

in homeostatic mechanisms, such as impaired reflex tachycardia and

impaired regulation of temperature and electrolytes, may also result

in an increased risk for adverse drug reactions.44 Table 2 summarizes

some important pharmacodynamic changes with ageing, along with

dose recommendations.4

4 | HOW FRAILTY MAY ALTER
PHARMACOKINETICS AND
PHARMACODYNAMICS

Frailty, defined by the World Health Organization as “a clinically rec-

ognizable state in which the ability of older people to cope with

everyday or acute stressors is compromised by an increased vulnera-

bility brought by age-associated declines in physiological reserve and

function across multiple organ systems”, may independently predict

reduced clearance of drugs such as gentamicin.45
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This reduction of clearance with frailty is plausible since frailty is

associated with sarcopenia. Sarcopenia is defined as a progressive and

generalized skeletal muscle disorder that is associated with increased

likelihood of adverse outcomes, such as falls, fractures, physical dis-

ability and mortality.46 Sarcopenia consequently has impact on the

clearance of highly hydrophilic drugs such as gentamicin that are

poorly distributed into muscle mass.47 Another important aspect of

frailty is unspecific systemic inflammation, partially due to dys-

regulation of the immune system. Systemic inflammation may result in

downregulation of cytochrome P450 enzymes, increasing the risk of

individual overdose in older people.32

5 | HOW DEMENTIA MAY ALTER
PHARMACOKINETICS AND
PHARMACODYNAMICS

People with dementia have an increased risk of anorexia and weight

loss, which leads to a reduction in muscle mass and albumin, which

leads to alterations in distribution, with water-soluble drugs having a

reduced volume of distribution while lipophilic drugs will have

increased volume of distribution. Furthermore, dementia is associated

with an increased permeability of the blood–brain barrier and possible

decreased P-gp activity, which is likely to increase access of drugs to

the brain, increasing the risk of neurological adverse drug effects. The

reduction in acetylcholine in people with dementia, coupled with

increased permeability of the blood–brain barrier discussed earlier,

leads to an increased risk of the central adverse effects of anticholin-

ergic drugs.18

6 | HOW ALTERED HUMAN BODY
FUNCTIONS INFLUENCE ADEQUATE DRUG
INTAKE BY OLDER PEOPLE

Ageing is associated with the impairment of multiple human body

functions, such as vision, hearing, swallowing, motor functions, hand–

eye coordination, health literacy, cognition and difficulty with self-car-

ing.48 Furthermore, any possible assistance may be limited in older

people, since they are often living alone, or with someone who is just

as old and just as care-dependent. Previous studies have shown that

older people encounter multiple practical problems with taking their

drugs correctly, such as problems with reading and understanding the

instructions for use, handling the outer packaging, handling the imme-

diate packaging, completing preparation before use, or forgetting to

take the drug.49,50 As a consequence, patients and their prescribers

may use their drugs other than instructed. For example, opening cap-

sules and taking the contents with food or drink to ease swallowing,

administering a dispersion of crushed tablets through feeding tubes in

patients who are seriously ill or suffering from swallowing difficulties,

or removing tablets from the primary package for storage in a

multicompartment compliance aid to ease medication management.51

Such alterations in the administration can alter the drug's safety and

efficacy profile through e.g. the risk for degradation, dosing inaccura-

cies or altered bioavailability.52 As any such coping strategies may not

be reported by patients to their physicians, it is important that deci-

sions in changes related to the dose, type of drug and decision to initi-

ate or stop a remedy only take place once it has been confirmed that

the lack of efficacy or an increase in side effects is not caused by

incorrect medication use. Therefore, it is essential that discussion on

any practical medication issues in older people are repeatedly initiated

TABLE 2 Pharmacodynamic changes associated with ageing and possible dosing consequences4,8

Drug Pharmacodynamic effect Age-related change Dose recommendation

Antipsychotics Sedation

Extrapyramidal symptoms

Increased Decrease

Benzodiazepines Sedation

Postural sway

Memory impairment

Increased Decrease/re-evaluate necessity

and, if necessary, preferably

use short-term and select

benzodiazepines that are

glucoronidized (lorazepam

lormetazepam, oxazepam

and temazepam)

Beta-agonists Bronchodilatation Decreased Increase slowly based on effect

Beta-blocking agents Antihypertensive effects

Vasoconstrictive effects (peripheral)

Decreased target tension Increase slowly based on effect

Vitamin K antagonists Anticoagulant effects Increased Decrease based on effect (INR)

Furosemide Peak diuretic response Decreased especially in

decreased renal function

Increase based on effect

Morphine Analgesic effect, sedation Increased especially in

decreased renal function

Decrease/switch

Propofol Anaesthetic effect Increased Decrease

Verapamil Antihypertensive effect

Constipation

Increased Decrease, add laxative
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TABLE 3 Information on drug registration needed for appropriate prescribing to older patients61

1 What is the number of patients included ≥65 y?

2 What is the number of patients included ≥75 y?

3 What is the number of patients included ≥85 y?

4 Are >100 persons included >75 y in diseases also present in older people?

5 Are the majority of persons in the database >75 y in diseases characteristically associated

with ageing?

6 Are the patients included in the studies reasonably representative of the older population

suffering from the disease/condition?

7 Are subjects excluded based on age? If so, what is the reason?

8 Are subjects excluded on base of comorbidities? If so, which comorbidities and what is

the reason?

9 Are subjects excluded with comedication? If so, which comedication and what is the

reason?

10 Is a postauthorization efficacy study in older patients planned?

11 Is a postauthorization safety study in older patients planned?

12 Is a single-dose pharmacokinetic study in subjects >65 y available?

13 Is a single-dose pharmacokinetic study in subjects >75 y available?

14 Is a multiple-dose pharmacokinetic study in subjects >65 y available?

15 Is a multiple-dose pharmacokinetic study in subjects >75 y available?

16 Is drug accumulation in long-term use to be expected and to what extent?

17 Is the pharmacokinetic studied in renal dysfunction?

18 Is the drug metabolized with a high extraction ratio?

19 Is the drug metabolized via CYP 450?

20 Is transportation of the drug depended of drug transporters such as P-glycoprotein?

21 Has the drug a narrow therapeutic dose range?

22 Are there clinically relevant drug–drug interactions?

23 Are there important drug-disease interactions?

24 Are there age-related differences in efficacy?

25 Are there age-related differences in dose–response?

26 Is the time-to benefit of the drug of importance? If so, is the time-to benefit calculated in

the elderly?

27 Are there age-related differences in adverse effects?

28 Does the drug at therapeutic dose have anticholinergic effects? If so, to what extent?

29 Does this drug at therapeutic dose increase the risk of delirium? If so, to what extent?

30 Does this drug at therapeutic dose increase the risk of dizziness? If so, to what extent?

31 Does this drug at therapeutic dose increase the risk of falls? If so, to what extent?

32 Does the drug at therapeutic dose have sedative effects? If so, to what extent?

33 Does the drug at therapeutic dose have orthostatic effects? If so, to what extent?

34 Does the drug at therapeutic dose have effects on the locomotor system? If so, to what

extent?

35 Does the drug at therapeutic dose have effects on haemostasis? If so, to what extent?

36 Does the drug at therapeutic dose have effects on food intake? If so, to what extent?

37 Are effects on quality of life studied in patients >75 y and, if so, to what extent?

38 Is the drug intake studied in older persons (i.e. user-friendliness, e.g. package, easy to

swallow) and if so to what extent?

39 Are risks with respect to any medication errors, e.g. with respect to dose mistakes,

studied and if so to what extent?

40 Are clear instructions for older persons present in the patient information leaflet and are

they authorized by patients themselves?
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by physicians or other health care providers as older people may

quickly vary the way they handle their drugs.

7 | HOW AGEING SHOULD BE
CONSIDERED IN CLINICAL DRUG
DEVELOPMENT

Because of the age-associated impairments in human organ and body

functions, it is essential that the special needs of older people are con-

sidered during the development, authorization and appropriate pre-

scribing of medicines. Since older people frequently are excluded

from clinical trials in the pre-authorization phase,53-56 the Interna-

tional Council for Harmonization of Technical Requirements for Regis-

tration of Pharmaceuticals for Human Use (ICH), a worldwide

committee of the drug regulatory authorities and the pharmaceutical

industry formerly from Europe, Japan and USA, and nowadays also

including Brazil, Canada, China, Chinese Taipei, Korea, Singapore and

Switzerland, already developed a guideline for studies involving older

people in 1994. This ICH E7 guideline focuses on what investigations

should be carried out in this population, and what information should

be reported in the preauthorization file for the approval of a new drug

(so excluding generics).57 Although the guideline is not legally binding,

applicants for marketing authorization have to provide the authorities

with convincing arguments why they did not follow ICH

recommendations.

In 2010, the ICH E7 guideline has been updated by the questions

and answers document because experiences by all parties with the

implementation of the guideline since its publication had resulted in

the need for some clarification.58 Questions answered by this docu-

ment include: ‘Why do we need an adequate representation of geriat-

ric patients in the clinical database?’; and ‘What should be taken into

account when estimating an adequate representation of geriatric

patients to be included in the clinical database?’ The ICH E7 guideline,

however, is almost 25 years old and might no longer reflect the cur-

rent needs of healthcare professionals and their patients in clinical

practice, especially not in developed countries. Clinicians specifically

need information on patients older than 75 years because in this age

group changes in pharmacokinetics and pharmacodynamics become

clinically relevant. This information could be gathered as part of

preauthorization trials. Furthermore information about time-until-ben-

efit in older people, anticholinergic effects, drug–disease interactions

and convenience of use is important.59

To more adequately contribute to the needs of the ageing

European population, the European Medicines Agency's Committee

for Medicinal Products for Human use has established a Geriatric

Expert Group (GEG) to provide scientific advice on issues related to

older people, and in 2011 the European Medicines Agency published

a European Geriatric Medicine Strategy to better address the needs

of older people within the existing legislative framework.48,60 The

GEG has discussed about information of crucial importance when

considering the use of medicinal products in geriatric patients. Table 3

shows which information should be available in the preauthorization

phase to provide prescribers information for appropriate prescribing

to older patients. If the information is not present, it should be gath-

ered as soon as possible in the postauthorization phase.

About the same time as the GEG was created, in the Netherlands,

the Expertise Centre Pharmacotherapy in Old Persons (Ephor) was

founded to improve effective and as safe as possible pharmacother-

apy and appropriate prescribing to older patients.62 Amongst others,

Ephor has made several evidence-based medicines reports for the

treatment of frail patients. It has also developed a polypharmacy mod-

ule in the e-learning method Pscribe for teaching to medical students,

physicians and pharmacists.63 Furthermore, Ephor investigates,

together with other centres in Europe, efficient methods for optimiz-

ing polypharmacy with the digital Systematic Tool to Reduce Inappro-

priate Prescribing assistant.64,65

For drug development and prescription to older people, it is nec-

essary not only to consider the altered pharmacokinetics and pharma-

codynamics, but also the altered human body functions and the risk

for medication errors in a real-world practice. Examples of medication

errors due to impaired body functions include lack of drug intake

because of difficulties with opening blister packs, accidentally eating

nonparenteral formulations, and overdosing due to multiple tablet

strengths that are available with a similar appearance in terms of col-

our, size and shape.49,66 Examples that are rather related to the prod-

uct itself, but that require particular consideration in older people e.g.

relate to drug degradation when drugs are stored outside their

approved packaging to ease medication management. For example,

the drug dabigatran cannot be stored in a medicines compliance aid

for even 1 week.67

8 | CONCLUSION

Older people face multiple problems potentially influencing the bene-

ficial and adverse effects of pharmacotherapy, of which the actual

effects are not always easy to predict beforehand. Prescribing

(selecting, informing patients, initiating, monitoring and continuation)

of drugs to older people provides major challenges to many physi-

cians. Next to changes in pharmacokinetics and pharmacodynamics

upon ageing, changes in body functions, such as visual acuity, motor

functions and cognition also pose a challenge for appropriate prescrib-

ing as they may affect the correct use of the drug. To adequately

address the needs of older people and their prescribers, it is important

that during the drug development process sufficient information is

gathered about the possible changes in pharmacokinetics and pharma-

codynamics in older people, especially in patients older than 75 years

suffering from comorbidities, and that this aspect requires due consid-

eration during drug authorization. Therefore, we recommend a revi-

sion of the ICH E7 criteria so that more data in people older than

75 years will be acquired. Furthermore, it is important during this pro-

cess that any practical problems that older people may experience will

be addressed by adjusting the product design.
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8.1 | Nomenclature of target and ligands

Key protein targets and ligands in this article are hyperlinked to

corresponding entries in http://www.guidetopharmacology.org, the

common portal for data from the IUPHAR/BPS Guide to

PHARMACOLOGY,68 and are permanently achieved in the Concise

Guide to PHARMACOLOGY 2017/2018.69

COMPETING INTERESTS

There are no competing interests to declare.

ORCID

A. Clara Drenth-van Maanen https://orcid.org/0000-0003-1381-

1227

REFERENCES

1. who.int [homepage on the internet]. WHO factfiles ageing. []. Avail-

able from https://www.who.int/features/factfiles/ageing/en/.

Accessed August 12, 2019.

2. ec.europa.eu/commission/index_en [homepage on the internet].

European Commission and Employment, social affairs and inclusion.

Active Ageing. 2015. Available from https://ec.europa.eu/social/

main.jsp?catId=1062&langId=en. Accessed August 12, 2019.

3. Morley JE, Vellas B, van Kan GA, et al. Frailty consensus: a call to

action. J Am Med Dir Assoc. 2013;14:392-397.

4. Jansen PA, Brouwers JR. Clinical pharmacology in old persons.

Scientifica (Cairo). 2012;2012:723678.

5. Sera LC, McPherson ML. Pharmacokinetics and pharmacodynamic

changes associated with aging and implications for drug therapy. Clin

Geriatr Med. 2012;28:273-286.

6. Schwab M. Encyclopedia of Cancer. Pharmacokinetics. Berlin, Heidel-

berg: Springer; 2011.

7. Giarratano A, Green SE, Nicolau DP. Review of antimicrobial use and

considerations in the elderly population. Clin Interv Aging. 2018;13:

657-667.

8. Mangoni, A., Jansen, P. A. F., and Jackson, S. Prescribing for elderly

patients. 1-12. 2009. Wiley-Blackwell.

9. Chutka DS, Evans JM, Fleming KC, Mikkelson KG. Symposium on

geriatrics--part I: drug prescribing for elderly patients. Mayo Clin Proc.

1995;70(7):685-693.

10. Jump R.L.P and Canaday D.H. Infections in older adults, an issue of

infectious disease clinics of North America. 1. 2017. Atlanta, Elsevier

Science Health Science.

11. Schmucker DL. Liver function and phase I drug metabolism in the

elderly: a paradox. Drugs Aging. 2001;18(11):837-851.

12. Wyatt CM, Kim MC, Winston JA. Therapy insight: how changes in

renal function with increasing age affect cardiovascular drug prescrib-

ing. Nat Clin Pract Cardiovasc Med. 2006;3:102-109.

13. Mallappallil M, Friedman EA, Delano BG, McFarlane SI, Salifu MO.

Chronic kidney disease in the elderly: evaluation and management.

Clin Pract (Lond). 2014;11:525-535.

14. Kirkwood TB. A systematic look at an old problem. Nature. 2008;451

(7179):644-647.

15. Wilkinson GR. The effects of diet, aging and disease-states on

presystemic elimination and oral drug bioavailability in humans. Adv

Drug Deliv Rev. 1997;27(2-3):129-159.

16. Kirkwood TB. Systems biology of ageing and longevity. Philos Trans R

Soc Lond B Biol Sci. 2011;366:64-70.

17. Russell RM. Changes in gastrointestinal function attributed to aging.

Am J Clin Nutr. 1992;55:1203S-1207S.

18. Reeve E, Wiese MD, Mangoni AA. Alterations in drug disposition in

older adults. Expert Opin Drug Metab Toxicol. 2015;11(4):491-508.

19. Turnheim K. Drug dosage in the elderly. Is it rational? Drugs Aging.

1998;13(5):357-379.

20. Allen S. Are inhaled systemic therapies a viable option for the treat-

ment of the elderly patient? Drugs Aging. 2008;25(2):89-94.

21. Bath-Hextall F. Understanding first-pass metabolism. 21-6-2018.

22. Westendorp RGJ, Kirkwood TBL. The biology of ageing. Sage publica-

tions. Ageing in Society; 2007.

23. Kaestli LZ, Wasilewski-Rasca AF, Bonnabry P, Vogt-Ferrier N. Use of

transdermal drug formulations in the elderly. Drugs Aging. 2008;25(4):

269-280.

24. Finch CE, Tanzi RE. Genetics of aging. Science. 1997;278(5337):

407-411.

25. Brenner SS, Klotz U. P-glycoprotein function in the elderly. Eur J Clin

Pharmacol. 2004;60(2):97-102.

26. Toornvliet R, van Berckel BN, Luurtsema G, et al. Effect of age on

functional P-glycoprotein in the blood-brain barrier measured by use

of (R)-[(11)C]verapamil and positron emission tomography. Clin

Pharmacol Ther. 2006;79:540-548.

27. Schinkel AH. P-glycoprotein, a gatekeeper in the blood-brain barrier.

Adv Drug Deliv Rev. 1999;36(2-3):179-194.

28. Klotz U. Pharmacokinetics and drug metabolism in the elderly. Drug

Metab Rev. 2009;41(2):67-76.

29. Butler JM, Begg EJ. Free drug metabolic clearance in elderly people.

Clin Pharmacokinet. 2008;47(5):297-321.

30. Cournil A, Kirkwood TB. If you would live long, choose your parents

well. Trends Genet. 2001;17(5):233-235.

31. ElDesoky ES. Pharmacokinetic-pharmacodynamic crisis in the elderly.

AmJTher. 2007;14:488-498.

32. Ducker CM, Brockmoller J. Genomic variation and pharmacokinetics

in old age: a quantitative review of age- vs. genotype-related differ-

ences. Clin Pharmacol Ther. 2019;105:625-640.

33. McLean AJ, Le Couteur DG. Aging biology and geriatric clinical phar-

macology. PharmacolRev. 2004;56:163-184.

34. Cawthon RM, Smith KR, O'Brien E, Sivatchenko A, Kerber RA. Associ-

ation between telomere length in blood and mortality in people aged

60 years or older. Lancet. 2003;361(9355):393-395.

35. Samson MM, Meeuwsen IB, Crowe A, Dessens JA, Duursma SA,

Verhaar HJ. Relationships between physical performance measures,

age, height and body weight in healthy adults. Age Ageing. 2000;29

(3):235-242.

36. Drenth-van Maanen AC, Jansen PA, Proost JH, et al. Renal function

assessment in older adults. Br J Clin Pharmacol. 2013;76:616-623.

37. Rule AD, Rodeheffer RJ, Larson TS, et al. Limitations of estimating

glomerular filtration rate from serum creatinine in the general popula-

tion. Mayo ClinProc. 2006;81(11):1427-1434.

38. Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate

glomerular filtration rate. Ann Intern Med. 2009;150:604-612.

39. Flamant M, Haymann JP, Vidal-Petiot E, et al. GFR estimation using

the Cockcroft-gault, MDRD study, and CKD-EPI equations in the

elderly. Am J Kidney Dis. 2012;60:847-849.

40. https://kdigo.org [homepage on the internet] KDIGO 2012 clinical

practice guideline for the evaluation and management of chronic kid-

ney disease. []. Available from https://kdigo.org/wp-content/uploads/

2017/02/KDIGO_2012_CKD_GL.pdf. Accessed August 12, 2019.

41. Raman M, Middleton RJ, Kalra PA, Green D. Estimating renal function in

old people: an in-depth review. Int Urol Nephrol. 2017;49:1979-1988.

42. Mukhtar O, Jackson SH. Drug therapies in older adults (part 1). Clin

Med (Lond). 2015;15:47-53.

43. Corsonello A, Pedone C, Incalzi RA. Age-related pharmacokinetic and

pharmacodynamic changes and related risk of adverse drug reactions.

Curr Med Chem. 2010;17:571-584.

DRENTH-VAN MAANEN ET AL. 1929

http://www.guidetopharmacology.org
https://orcid.org/0000-0003-1381-1227
https://orcid.org/0000-0003-1381-1227
https://orcid.org/0000-0003-1381-1227
https://www.who.int/features/factfiles/ageing/en/
https://ec.europa.eu/social/main.jsp?catId=1062&langId=en
https://ec.europa.eu/social/main.jsp?catId=1062&langId=en
https://kdigo.org/wp-content/uploads/2017/02/KDIGO_2012_CKD_GL.pdf
https://kdigo.org/wp-content/uploads/2017/02/KDIGO_2012_CKD_GL.pdf


44. Jesson B. Minimising the risk of polypharmacy. Nurs Older People.

2011;23:14-20.

45. https://apps.who.int [homepage on the internet] WHO clinical con-

sortium on healthy ageing: topic focus: frailty and intrinsic capacity:

report of consortium meeting, 1–2 December 2016 in Geneva, Swit-

zerland []. Available from: https://apps.who.int/iris/handle/10665/

272437. Accessed August 12, 2019.

46. Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: revised

European consensus on definition and diagnosis. Age Ageing. 2019;

48(1):16-31.

47. Johnston C, Hilmer SN, McLachlan AJ, Matthews ST, Carroll PR,

Kirkpatrick CM. The impact of frailty on pharmacokinetics in older

people: using gentamicin population pharmacokinetic modeling to

investigate changes in renal drug clearance by glomerular filtration.

Eur J Clin Pharmacol. 2014;70:549-555.

48. van Riet-Nales DA, Hussain N, Sundberg KA, et al. Regulatory incen-

tives to ensure better medicines for older people: from ICH E7 to the

EMA reflection paper on quality aspects. Int J Pharm. 2016;512:

343-351.

49. Notenboom K, Beers E, van Riet-Nales DA, et al. Practical problems

with medication use that older people experience: a qualitative study.

J.am.Geriatr.Soc. 2014;62(12):2339-2344.

50. Mehuys E, Dupond L, Petrovic M, et al. Medication management among

home-dwelling older patients with chronic diseases: possible roles for

community pharmacists. J Nutr Health Aging. 2012;16:721-726.

51. Kwint HF, Stolk G, Faber A, Gussekloo J, Bouvy ML. Medication

adherence and knowledge of older patients with and without multi-

dose drug dispensing. Age Ageing. 2013;42(5):620-626.

52. Richey RH, Craig JV, Shah UU, et al. The manipulation of drugs to

obtain the required dose: systematic review. J Adv Nurs. 2012;68:

2103-2112.

53. Cherubini A, Del SS, Ouslander J, Semla T, Michel JP. Fighting against

age discrimination in clinical trials. J am Geriatr Soc. 2010;58:1791-1796.

54. Dodd KS, Saczynski JS, Zhao Y, Goldberg RJ, Gurwitz JH. Exclusion of

older adults and women from recent trials of acute coronary syn-

dromes. J Am Geriatr Soc. 2011;59(3):506-511.

55. McMurdo ME, Roberts H, Parker S, et al. Improving recruitment of

older people to research through good practice. Age Ageing. 2011;40

(6):659-665.

56. McMurdo ME, Witham MD, Gillespie ND. Including older people in

clinical research. BMJ. 2005;331(7524):1036-1037.

57. https://www.ich.org/ [homepage on the internet] ICH Harmonised

tripartite guideline. Studies in support of special populations: Geriat-

rics E7. 24-6-1993. []. Available from: https://www.ich.org/fileadmin/

Public_Web_Site/ICH_Products/Guidelines/Efficacy/E7/Step4/E7_

Guideline.pdf. Accessed August 12, 2019.

58. ema.europa.eu [homepage on the internet]. Committee for medicinal

products for human use (CHMP). ICH topic E7 studies in support of

special populations: Geriatrics; questions and answers. 2010. []. Avail-

able from https://www.ema.europa.eu/documents/scientific-

guideline/ich-e-7-studies-support-special-populations-geriatrics-

questions-answers-step-5_en.pdf. Accessed August 12, 2019.

59. Beers E, Egberts TC, Leufkens HG, Jansen PA. The views of

healthcare professionals, drug developers and regulators on informa-

tion about older people needed for rational drug prescription. PLoS

One. 2013;8:e72060.

60. Cerreta F, Eichler HG, Rasi G. Drug policy for an aging population--

the European medicines Agency's geriatric medicines strategy. N Engl

J Med. 2012;367:1972-1974.

61. Jansen, P. A. F. Developing Drug Products in Aging Society. Age and

the process of aging 2016.

62. ephor.eu [homepage on the internet]. Ephor. []. Available from www.

ephor.eu. Accessed August 12, 2019.

63. Keijsers CJ, van Doorn AB, van Kalles A. Structured pharmaceutical

analysis of the systematic tool to reduce inappropriate prescribing is

an effective method for final-year medical students to improve poly-

pharmacy skills: a randomized controlled trial. J am Geriatr Soc. et al.,

2014;62(7):1353-1359.

64. Drenth-van Maanen AC, Leendertse AJ, Jansen PAF, et al. The sys-

tematic tool to reduce inappropriate prescribing (STRIP): combining

implicit and explicit prescribing tools to improve appropriate prescrib-

ing. J Eval Clin Pract. 2018;24:317-322.

65. operam-2020.eu [homepage on the internet]. OPERAM - a multicen-

ter European clinical trial. Optimising Therapy to prevent avoidable

hospital admissions in the multimorbid elderly. []. Available from

https://operam-2020.eu/fileadmin/templates/operam_public/study-

centers.html Accessed August 12, 2019.

66. van Riet-Nales DA, van Rensen A, van den Bemt B, Jansen PAF. EU

rules on the development of medicines for the elderly are open to dis-

cussion: good use of medication is also a task for industry. Pharm

Weekbl. 2017;152(47):8-10.

67. 1swlmcg.nhs.uk [homepage on the internet. Prescribing

DABIGATRAN for the acute treatment and secondary prevention of

Venous Thromboembolism (VTE) (Pulmonary Embolism (PE) or Deep

Vein Thrombosis (DVT). NHS. []. Available from http://www.swlmcg.

nhs.uk/Clinical/Cardiovascular/VTE%20-%20(5)%20Dabigatran%

20prescribing%20guidance%202016.pdf. Accessed August 12, 2019.

68. Harding SD, Sharman JL, Faccenda E, et al. The IUPHAR/BPS Guide

to PHARMACOLOGY in 2018: updates and expansion to encompass

the new guide to IMMUNOPHARMACOLOGY. Nucl Acids Res. 2018;

46(D1):D1091-D1106.

69. Alexander SPH, Fabbro D, Kelly E, et al. The Concise Guide to PHAR-

MACOLOGY 2017/18: Enzymes. Br J Pharmacol. 2017;174(Suppl 1):

S272–S359.

How to cite this article: Drenth-van Maanen AC, Wilting I,

Jansen PAF. Prescribing medicines to older people—How to

consider the impact of ageing on human organ and body

functions. Br J Clin Pharmacol. 2020;86:1921–1930.

https://doi.org/10.1111/bcp.14094

DRENTH-VAN MAANEN ET AL.1930

https://apps.who.int/iris/handle/10665/272437
https://apps.who.int/iris/handle/10665/272437
https://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E7/Step4/E7_Guideline.pdf
https://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E7/Step4/E7_Guideline.pdf
https://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E7/Step4/E7_Guideline.pdf
https://www.ema.europa.eu/documents/scientific-guideline/ich-e-7-studies-support-special-populations-geriatrics-questions-answers-step-5_en.pdf
https://www.ema.europa.eu/documents/scientific-guideline/ich-e-7-studies-support-special-populations-geriatrics-questions-answers-step-5_en.pdf
https://www.ema.europa.eu/documents/scientific-guideline/ich-e-7-studies-support-special-populations-geriatrics-questions-answers-step-5_en.pdf
http://www.ephor.eu
http://www.ephor.eu
https://operam-2020.eu/fileadmin/templates/operam_public/study-centers.html
https://operam-2020.eu/fileadmin/templates/operam_public/study-centers.html
http://www.swlmcg.nhs.uk/Clinical/Cardiovascular/VTE%20-%20(5)%20Dabigatran%20prescribing%20guidance%202016.pdf
http://www.swlmcg.nhs.uk/Clinical/Cardiovascular/VTE%20-%20(5)%20Dabigatran%20prescribing%20guidance%202016.pdf
http://www.swlmcg.nhs.uk/Clinical/Cardiovascular/VTE%20-%20(5)%20Dabigatran%20prescribing%20guidance%202016.pdf
https://doi.org/10.1111/bcp.14094

	Prescribing medicines to older people-How to consider the impact of ageing on human organ and body functions
	1  INTRODUCTION
	1.1  Ageing population
	1.2  Life expectancy
	1.3  Biological changes associated with ageing

	2  HOW ALTERED HUMAN ORGAN FUNCTIONS AFFECT PHARMACOKINETICS
	2.1  Absorption
	2.2  First-pass metabolism and bioavailability
	2.3  Distribution
	2.4  Metabolism
	2.4.1  Liver volume
	2.4.2  Blood flow
	2.4.3  Metabolic capacity

	2.5  Excretion

	3  HOW ALTERED HUMAN ORGAN FUNCTIONS AFFECT PHARMACODYNAMICS
	4  HOW FRAILTY MAY ALTER PHARMACOKINETICS AND PHARMACODYNAMICS
	5  HOW DEMENTIA MAY ALTER PHARMACOKINETICS AND PHARMACODYNAMICS
	6  HOW ALTERED HUMAN BODY FUNCTIONS INFLUENCE ADEQUATE DRUG INTAKE BY OLDER PEOPLE
	7  HOW AGEING SHOULD BE CONSIDERED IN CLINICAL DRUG DEVELOPMENT
	8  CONCLUSION
	8.1  Nomenclature of target and ligands

	  COMPETING INTERESTS
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


