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A B S T R A C T

Evidence-based medicine (EBM) aims to integrate three 
elements in patient care: the patient situation, scientific 
evidence, and the doctors’ expertise. This review aims 1) to 
assess how these elements are systematically different in 
older patients and 2) to propose strategies how to improve 
EBM in older patients.
The ageing process systematically affects all three 
elements that constitute EBM. First, ageing changes the 
physiology of the older body, makes the patient more 
vulnerable with more multimorbidity and polypharmacy 
and affects somatic, psychological and social function. The 
heterogeneity of older patients may lead to overtreatment 
of vulnerable and undertreatment of fit older patients. 
Second, representative older patients are underrepresented 
in clinical studies and endpoints studied may not reflect 
the specific needs of older patients. Third, adequate 
clinical tools and schooling are lacking to aid physicians 
in clinical decision-making. Strategies to improve elements 
of EBM include: first systematically acknowledging that 
physical, mental and social function may reveal patients’ 
vulnerability and specific treatment goals. Second, clinical 
studies specifically targeting more representative older 
patients and studying endpoints relevant to older patients 
are warranted. Finally, teaching of physicians may increase 
their experience and expertise in treating older patients. 
In conclusion, in older patients the same elements 
constitute EBM, but the elements need tailoring to the 
older patient. In the clinic, a thorough assessment of 
individual patient preferences and physical, mental and 
social functioning in combination with increased level of 
experience of the doctor can increase the quality of EBM 
in older patients.
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I N T R O D U C T I O N

Older people are becoming a more prominent proportion 
of modern Western societies, both in absolute and relative 
terms. This is the result of increasing life expectancy, 
decreasing fecundity rates, and specific changes in 
population demographics, such as the baby boom after the 
Second World War. In Europe the number of inhabitants 
aged 65 years is 88 million (17% of total population) today 
and is projected to increase to 157 million (30%) in 2060 
(Eurostat Statistics). As a result, a sharp increase in health 
care demand by older people is foreseen in the near future, 
which will affect nearly all domains of medicine.1 
Evidence-based medicine (EBM) is the hallmark of 
modern medicine and aims to integrate the individual 
patient’s situation, scientific evidence and the physician’s 
experience and expertise in the process of clinical decision-
making.2 This review aims 1) to assess how the elements 
that constitute EBM are systematically different in older 
patients and how these differences affect the degree of 
EBM in older patients and 2) to propose strategies how to 
improve EBM in older patients.

C U R R E N T  S I T U A T I O N

To come to strategies to improve EBM for older patients, we 
will first define the components of EBM. Then we explore 
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how the ageing process affects the physiology and function 
of the older body, how these physiological changes and 
altered patient situation affect the balance between cost 
and benefits of treatment decisions and how these aspects 
are addressed in current scientific evidence.

Evidence-based medicine
The term evidence-based medicine was introduced in the 
early 1990s and has been defined as the ‘conscientious, 
explicit, and judicious use of current best evidence in 
making decisions about the care of individual patients’.2 
The essence of EBM is the complementary role of scientific 
evidence, physicians experience and expertise, and the 
individual patient’s situation and preferences in clinical 
decision-making. In clinical practice these components 
cannot be assessed entirely separately. For instance, the 
doctor’s opinion is strongly based on his assessment and 
interpretation of relevant literature and of the patient’s 
situation. 

Consequences of ageing
Ageing results from the accumulation of damage to the 
body due to internal and external stressors.3 Accumulated 
macromolecular damage affects the functioning of cells 
and tissues, which compromises the body’s capacity to 
maintain homeostasis thus causing an inherent increase 
in the chance of disease and death.3 This definition of 
ageing mirrors our clinical observation of increased 
burden of disease and higher chance of mortality with 
increasing age in our patients.4 There are several inherent 
consequences of the ageing process that make the older 
patient fundamentally different from the younger patient. 
First, compared with younger ages physiology in the 
older body is different.5 Second, there is a higher degree 
of multimorbidity and polypharmacy.6 Third, in the 
older patient a somatic disease often affects the intricate 
relationship between somatic disease and physical, 
psychological and social functioning.6 All three aspects 
fundamentally change the way treatment strategies and 
scientific evidence should be assessed. These three aspects 
are elaborated upon below.
First, physiology of the older body is different than 
at younger ages. Well-known factors associated with 
ageing are a decreased renal function, liver function 
and altered body composition, which affect metabolism 
and clearance of pharmacotherapeutics.7 Such changes 
necessitate careful dosing of medications in older patients, 
especially since there is a concomitant risk of drug-drug 
interactions in patients with polypharmacy.8 However, 
besides these pharmacokinetic and pharmadynamic 
changes, observational findings concerning everyday 
clinical problems exemplify that the older patient differs 
from the younger patient. For instance, in the oldest 
old, having a high blood pressure is associated with 

longer survival,9 which contradicts the common paradigm 
that in middle age, hypertension is a well-established 
risk factor for cardiovascular disease and mortality. 
Similar paradoxical findings of association with better 
survival have been made for high levels of cholesterol 
and subclinical hypothyroidism in those over 85 years.10,11 
Likely explanations for these findings include the fact that 
in old age biology may be different than at younger ages. 
For instance, in an 85-year-old the vasculature exhibits a 
higher degree of stiffness, therefore requiring a higher 
blood pressure to maintain adequate perfusion of organs, 
and high blood pressure may thus be interpreted as an 
adequate adaptive response of the body to counteract 
age-related changes to the vasculature.12

Second, with increasing age the prevalence of disease 
increases, resulting in a high proportion of elderly 
suffering from multiple chronic diseases.13 Previous 
studies show that 55-98% of the elderly have two or more 
chronic diseases (i.e. multimorbidity).13 Applying clinical 
guidelines for single diseases to older patients with 
multimorbidity leads to polypharmacy.14 Furthermore, in 
those with polypharmacy, the risk of negative outcomes 
is increased. In one study from the Netherlands, it was 
estimated that 6% of all hospital admissions was related 
to negative effects of medication use, and that half of 
these were preventable.15 It is very likely, that among 
these patients admitted to hospital, there is an overrepre-
sentation of frail elderly people with multimorbidity and 
polypharmacy. Furthermore, Opondo and colleagues 
showed that one in five medications given to elderly 
patients in primary care is inappropriate.16 Some clinical 
trial evidence suggests short-term benefit or at least lack of 
harm of medication withdrawal.17

Third, in older patients the intricate relationship between 
the four axes somatic disease and physical, psychological 
and social functioning is more apparent than at younger 
ages.6 Physical function includes the level of physical 
activity and the ability to perform activities of daily living, 
such as dressing, cooking, bathing and doing the groceries. 
Psychological function includes cognitive performance, 
apathy and depression. Social functioning is determined 
by the presence of a spouse, outdoor social activities with 
friends and the level of support provided by children and 
the social activity of the patient. In case of severe illness in 
younger patients, such as oncology patients, it is already 
custom to measure functional capacity as a marker of 
patient vulnerability to assess whether the patient can 
endure intense treatments such as chemotherapy.18 In older 
patients the intricate relationship is also present when 
disease is less severe, as multimorbidity and polypharmacy 
often affect multiple axes. Together, the four axes that 
characterise the older patient, may mark the extent 
of increased vulnerability, and may therefore serve as 
determinants of disease or treatment outcome. However, 
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the four axes could also be endpoints: for the older 
patient physical, psychological and social function largely 
determine the level of dependence and quality of life and 
may be affected by disease and treatment.19 Thorough 
assessment of all axes is critical both in clinical studies of 
older patients as well as when treating an individual older 
patient.
In conclusion, physiology of the older body is different 
than at younger ages, there is a high degree of 
multimorbidity and polypharmacy and in the older patient 
physical, psychological and social function importantly 
determine disease and treatment outcome. Altogether, 
these consequences of the ageing process make the 
elderly patient more vulnerable for diseases and disease 
complications, affecting the physical, psychological and 
social function in the older patient. Treatment outcomes 
are strongly affected by these aspects, as they affect the 
balance between ‘costs’ and ‘benefits’ of treatment in the 
older patients.

Balance between ‘costs’ and ‘benefits’
The essence of making treatment decisions is the 
assessment of the balance of ‘costs’ and ‘benefits’ between 
different treatment strategies (figure 1, left panel). Positive 
treatment effects or ‘benefits’ (such as cure, symptom relief 
or survival) should outweigh the negative consequences or 
‘costs’ (such as burden of treatment, risk of complications 
or side effects). 
When compared with younger age groups, the negative 
effects (‘costs’) and positive effects (‘benefits’) of treatment 
are likely to be different in older patients. In general, the 
‘costs’ will be higher and the ‘benefits’ lower (figure 1, right 

panel). Ageing leads to decreased physiological function, 
decreased capacity of the body to respond to perturbations 
and hence increased in vulnerability of the patient.3 
Therefore, older patients have higher risks of complications 
of medication, surgery and other interventions. For 
instance, inactivation and immobilisation result in loss 
of muscle mass, which in older age recovers more slowly 
than at younger ages and is a risk factor in its own right, 
for instance, for falls.20 This may lead to long rehabilitation 
periods, functional decline and loss of independence.21 In 
the perioperative phase older patients have an increased 
risk of delirium, which in turn is a risk factor for cognitive 
and functional decline in the postoperative period.22 
Furthermore, as pharmacodynamic and pharmacokinetics 
change in older age there is a higher chance of drug-drug 
interaction especially in the presence of polypharmacy. A 
higher dosage above the therapeutic range can lead to more 
side effects or dosing below the therapeutic range, leading 
eventually to undertreatment.7 
On the other hand, expected benefits are  –  again in 
general – lower. With a shorter remaining life expectancy 
in older age, identical relative benefits on life expectancy 
are much smaller in absolute terms in older age. For 
instance, a 10% reduction in ten-year mortality risk is very 
relevant at the age of 40 years when life expectancy is over 
four decades or more, but less so at the age of 85 years 
when remaining life expectancy may be no more than 
five years based on high calendar age alone. Furthermore, 
when functional capacity in older age is limited by a 
combination of factors, such as neurological disorders, 
sarcopenia, osteoarthritis, treatment of only one of these 
factors will result in a smaller restoration of physical 

Figure 1. Balance between treatment ‘costs’ and ‘benefits’
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Schematic representation of selected elements constitute the ‘costs’ and ‘benefits’ of treatment option. The left panel represents a ‘positive’ balance for 
a theoretical treatment option in a younger patient. The right panel represents a ‘negative’ balance for the same treatment option in an older patient as a 
result of the systematic higher chance of risks and complications and the lower gain of the treatment option
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function compared with an individual in whom only one 
pathology limits functional capacity.
Arguably, the effect of treatments on endpoints is not only 
quantitatively different in older patients, they may also be 
qualitatively different. Older patients may value physical 
or social functioning as their most important determinant 
of quality.23 
The degree to which this is relevant for the individual 
patient may vary greatly: patients of the same calendar 
age may be very different in biological age. Due to the 
large heterogeneity among older patients, generalising 
treatments based on calendar age may result in 
overtreatment of frail older patients and undertreatment of 
fit older patients. Overtreatment may result from automatic 
prescription of medications according to guidelines 
to patients with multimorbidity. Especially when the 
indications of these individual medications are not weighed 
against the lag time to benefit or effect on quality of 
life,24 it is likely that polypharmacy may occur which is 
detrimental to the patients rather than beneficial. On the 
other hand, at least in some fields such as breast cancer, 
patients are withheld treatments based on calendar age 
alone, whereas data suggest that there is undertreatment 
in older patients.25 
In conclusion, in older age the balance of cost and benefit 
of any medical treatment is in general less advantageous 
than at younger ages. However, large inter-individual 
differences exist and endpoints of interest may be different 
in older patients.

Scientific evidence in old patients
The different physiology, the increased level of 
multimorbidity and polypharmacy, and the multidomain 
functioning of the older patient constitute different 
requirements for clinical studies to be relevant for 
older patients compared with younger patients. Such 
requirements include the inclusion of representative older 
patients (i.e. including age-related physiological changes, 
multimorbidity and polypharmacy), the reporting and 
weighing of all four geriatric axes, and the inclusion 
of study endpoints that are relevant for older patients, 
such as physical, psychological or social functioning 
and quality of life. Clinical studies can be categorised in 
different domains: aetiological, prognostic, diagnostic, or 
intervention studies. Here we will explore whether these 
requirements are met for each of the different domains.
Dedicated aetiological studies are essential in 
understanding how health and disease work. Numerous 
large cohorts exist that specifically study health and 
disease in older age to understand how the ageing body 
works.26,27,28 Typically these are observational studies, 
often hampering causal inference but providing testable 
hypotheses with respect to interventions to improve 
health and functioning. Aetiological studies performed in 

representative older patients may provide useful evidence 
for the treatment of older patients. 
In clinical practice, several prognostic tools are being 
used to translate the individual patient characteristics 
into clinical advice. Well-known examples include the 
Framingham risk score for predicting cardiovascular 
risk,29 Euroscore to predict mortality risk for cardiothoracic 
surgery,30 and Adjuvant online,31 an online tool to predict 
effects of different treatment modalities in patients with 
breast cancer. However, none of these three tools function 
well in older patients.32,33,30 The systematic problem of these 
prognostic tools includes that they were not developed and 
validated in older populations and did not include data 
relevant to older patients, such as physical or cognitive 
function either as a prognostic factor or as outcome of 
treatment. There are very few clinically useful tools to 
assess vulnerability of the individual older patient, which 
carries the risk of generalisation of treatment advice. This 
may lead to systematic overtreatment of those who are 
considered fitter than they actually are and undertreatment 
of those who are fitter than considered generally.
Diagnosis of disease is not fundamentally different in 
older age compared with younger ages. However, the use of 
diagnostic tools may be different in several aspects. First, 
the a priori chances of a diagnosis may vary and hence the 
predictive value of a diagnostic tool may be different. For 
instance, the chance of an adrenal incidentaloma increases 
with age, but it is not always clear what the diagnostic 
approach or long-term follow-up should be.34 Second, the 
burden of diagnostic tests for the patient may be higher. 
The preparation for a colonoscopy is troublesome in an 
older patient with mobility problems, increased fall risk 
or cognitive disorders. The indication for a colonoscopy 
in such a patient should be considered in the light of the 
indication, but also in light of the possible finding. If an 
operation for a potential tumour is not possible or desired 
by the patient, the burden of the colonoscopy may well 
outbalance the potential winnings. Third, it is unclear 
whether ‘normal’ values in old age are similar to younger 
ages. In older ages average haemoglobin and renal function 
are both below the normal range for younger patients. 
Sometimes these lower values are therefore considered 
‘normal for this age’. It is unclear whether this is true for 
all parameters. In the oldest old, for instance, haemoglobin 
levels below the normal limit is a common finding, but it 
is associated with increased risk of death.35 In conclusion, 
diagnostic tools may perform differently in old age and 
applicability for the older patient should be assessed for 
each diagnostic tool in each setting separately.
Randomised controlled trials (RCTs) are considered the 
hallmark of EBM.36 From all the different types of studies, 
RCTs or meta-analyses of multiple RCTs are regarded 
to have the highest ‘level of evidence’ and this drives 
clinical guidelines to formulate treatments based on the 
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results of these RCTs or meta-analyses of multiple RCTs. 
However, older patients are underrepresented in clinical 
trials as a result of selection by eligibility criteria.37,38,39 
The experimental design of randomisation reduces the 
chance of bias or confounding. From the researcher’s 
perspective, including older patients in a clinical trial 
when studying the effects of a new treatment modality 
is not always attractive. Older participants introduce 
a higher burden of comorbidities and a higher rate of 
serious events that do not relate to the treatments that are 
compared. This ‘competing risk’ introduces an increased 
rate of randomness in the occurrence of endpoints, and 
therefore necessitates larger sample sizes and/or longer 
follow-up.40 For similar reasons sometimes specific patient 
characteristics are required to study the effect of a drug 
that would result in exclusion of elderly participants from 
the study. For instance, to study the effects of a drug 
that is cleared by the kidney, a patient population may be 
required that does not include patients with renal failure. 
These inclusion criteria often select more implicitly in 
favour of younger participants. For instance, having an 
impaired renal function, defined as a clearance of 60 cc/
min or more, is not a common finding in the oldest old, 
in which the average renal function is around 45 cc/
min.41 Finally, older participants are excluded for practical 
reasons: a trial protocol that requires participants to visit 
a study centre multiple times excludes older participants 
with mobility problems. Explicit exclusion criteria can 
be an upper age limit, or the exclusion of diseases (such 
as dementia) that are almost only seen in older adults. 
Notably, the reason for excluding patients based on age 
is not always justified when reporting the results.38 As a 
result of these selection criteria, the elderly are underrep-
resented in RCTs. For instance, in a meta-analysis of RCTs 
performed in patients with acute coronary syndrome, 
among over 70,000 patients only 12% were aged over 70 
years, whereas among prevalent cases this percentage is 
around 43%.42 And when selection criteria made in RCTs 
regarding breast cancer treatment were applied to a clinical 
cohort of breast cancer patients, only 12% of patients 
could have been included.43 Evidently, the older people 
who did participate in the RCTs could fulfil the selection 
criteria and are therefore not representative for the older 
population in general.44 Endpoints in RCTs are often 
related to the incidence of disease and mortality, whereas 
for older patients the endpoints physical, psychological and 
social functioning may be considered more important.23 
In conclusion, RCTs are the hallmark of evidence-based 
medicine, but for various reasons the elderly are 
systematically excluded. This leads to a quantitative 
underrepresentation of older adults and the older 
participants who are included are not representative for the 
general population of elderly people. Clinical guidelines 
are often written drawing on clinical trials in selected 
patients without comorbidities; therefore, external validity 

of these guidelines for older patients with multimorbidity 
is lacking. Endpoints studied by RCTs are not always 
relevant for older patients. 

I M P R O V I N G  E B M  I N  O L D E R  P A T I E N T S

The level in which medicine for older patients is 
evidence-based can be increased by improving the 
contribution of each of the three elements to clinical 
decision-making. Below we will outline how the three 
elements of EBM can be improved: by systematically 
acknowledging the patient situation, generating more 
scientific evidence and increasing doctor’s expertise with 
respect to EBM in older patients.

Systematic acknowledgement of the patient situation
The situation of the older patient should routinely be 
part of clinical practice as determinants of disease or 
treatment outcome. This starts with the awareness 
of the physician of the physical, psychological and 
social functioning of the patient and his/her preference 
with respect to the treatment goal. However, routinely 
performing a comprehensive geriatric assessment (CGA), 
in which all four axes of the older patient are thoroughly 
investigated in all patients above a certain calendar age, 
is likely not feasible or efficient in all situations, as it is 
very elaborate. CGA has been proven not to be effective, 
for instance, in the acute setting.45 Furthermore, it is 
complex to derive specified clinical advice with respect to 
treatment of specific diseases from the CGA. Screening 
tools have been developed to assess the patient situation 
in a routine setting that include questionnaires assessing 
functional capacity, assessment of comorbidities and 
measurements of functional capacity (including cognitive 
function).46 One of the most frequently used screening 
tools is the ‘Fried Frailty Indicator’ which defines frailty 
as the co-existence of at least three out of five potential 
symptoms: low gait speed, weight loss, self-reported 
exhaustion, low grip strength or low physical activity.47 

Gait speed in itself is also a robust prognostic marker 
for mortality risk.48 Another approach to access frailty 
is to consider the burden of comorbidities. The most 
frequently used is the Charlson comorbidity index.49 For 
large-scale clinical research CGA is not feasible either; 
rather, validated screening tools can be used. Such tools 
could serve as prognostics markers.46 However, such 
screening tools have not found their way into clinical 
practice on a large scale, as they have not been tested 
and validated in clinical studies. Further studies are 
warranted to first design and validate screening tools and 
then to implement and test them for efficacy in routine 
care trajectories. Innovative approaches using modern 
technologies, such as internet and health sensors, may 
facilitate studying of important parameters such as 
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physical activity and cognition in large and heterogeneous 
populations.

Generating more scientific evidence
To increase the scientific underpinning of our everyday 
clinical practice, several measures can be taken. First, for 
specific diseases and guidelines, existing evidence can 
be assessed for validity for older patients in general and 
individual patients specifically. 
Second, more information can be obtained by using 
already available evidence. Given the lack of large numbers 
of representative older adults in individual studies, 
pooling data from multiple studies (preferably by pooling 
individual patient data) may provide interesting evidence 
for the older patient without the necessity of repeating 
such trials. Successful examples of such pooling of data 
are the meta-analyses of several trials, assessing the 
effects of newly introduced novel oral anticoagulation 
drugs (NOACs), showing no additional risk in the use 
of these agents in older patients.50 Third, more and 
more representative older patients should be included 
in clinical studies. It is impossible to replicate all RCTs 
performed in middle age for all individual older patients. 
The heterogeneity of this patient group as a result of 
multimorbidity would necessitate a large number of RCTs,51 
which is not feasible because of financial constraints. 
Furthermore, performing RCTs is a greater burden for 
the patients. 
It is, however, possible to perform clinical studies that 
are relevant for the older patient and contribute to a 
higher level of scientific evidence. Designing clinical 
studies for older patients requires specific measures, 
such as measures to ensure inclusion of representative 
older patients, adequate phenotyping of their physical, 
psychological and social functional status and studying 
relevant endpoints. There are guidelines on how to 
perform a RCT specifically in older age.52 It is, however, 
not feasible to repeat all clinical trials in old age. Therefore 
alternative study designs may be more attractive. An 
observation design may help to increase our understanding 
of the effects of the ageing process and therefore may 
inform treatment decisions. Studies may be tailored to 
overcome the unique barriers of participation of older 
patients.53 However, caution is warranted with respect 
to causal inference, which can be overcome by genetic 
Mendelian randomisation studies.54 When diseases are 
studied that are relatively rare, or when observational 
studies are small, pooling data in individual patient 
data (IPD) meta analyses can provide valuable insights.55 
Because repeating all RCTs for older patients is not 
feasible, alternative designs for intervention studies can be 
considered. For instance, the stepped wedge design uses an 
approach in which the effect of an intervention is assessed 
before and after implementation in clinical practice.56 In 

this way, evidence can be obtained on effectiveness without 
the necessity to randomise individual patients. Another 
design is the regression discontinuity design.57 In this 
design patients who fulfil a certain criterion (for instance 
a blood pressure above 140 mmHg) are given a treatment 
that is medically indicated and compared with the effects 
in patients with a low blood pressure who do not get the 
treatment. In this design, the number of included patients 
is higher compared with an RCT, but because treatment 
indication reflects common practice, it may be more 
feasible to obtain larger number of patients.

Increasing doctors’ experience and expertise
There is a need for better teaching and training of 
medical doctors in their understanding of the specific 
needs of older patients. This requires knowledge of the 
pathophysiology of the ageing process and its implications 
for the effects of treatments. Older patients are a part of 
the practice of all doctors and specific attention for older 
patients is not restricted to the attention of geriatricians. 
In clinical practice the presence or absence of evidence 
specifically for older patients needs to be taken into 
account by the treating physician. Furthermore, the lack 
of evidence should be discussed with the patient in the 
light of the individual patient situation and preferences. 
The general lack of evidence in older age means that 
there is often not one single ‘best’ treatment option, and 
underscores the necessity of shared decision-making.58 
This requires specific teaching of physicians with respect 
to communication skills and attitude towards the older 
patient.

D I S C U S S I O N  A N D  C O N C L U S I O N

Taken together, the ageing process systematically affects 
all three elements that constitute EBM: patient situation, 
scientific evidence and doctors’ experience and expertise. 
This ultimately leads to a low level of EBM in older 
patients. Strategies to improve the level of evidence-based 
medicine in older patients include systematically assessing 
the patient, designing more studies specifically targeting or 
including more representative older patients and teaching 
of medical doctors about the ageing and the older patient.
The level of scientific evidence for the treatment of our 
older patients may never reach the level of that for younger 
patients, as it will be impossible to repeat all clinical 
studies for each individual older patient with his own 
unique combination of comorbidities and vulnerabilities. 
However, not only the level of scientific evidence can be 
improved substantially, but also the other elements of 
EBM: addressing the patient situation and teaching of 
doctors. Arguably, the patient situation and hence patient 
preference may also be more heterogeneous in older 
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patients, making the contribution of this element relatively 
more important than it is at younger ages and increasing 
the necessity to also teach doctors in ‘shared decision 
making’ in the light of absence of scientific evidence. 
In conclusion, in older patients the same elements 
constitute EBM, but the elements need tailoring to 
the older patient. Given the paucity of clinical studies 
that are valid for older patients more clinical studies 
in representative older patients are warranted. In the 
clinic, a thorough assessment of the individual patient 
preferences and physical, mental and social functioning 
in combination with increased level of experience of the 
doctor can guide individualised treatment decisions.

D I S C L O S U R E S

The Institute for Evidence-Based Medicine in Old Age 
(IEMO) is funded by the Dutch Ministry of Health and 
Welfare and supported by ‘ZonMW (project number 
62700.3002)

R E F E R E N C E S

1.	 Prince MJ, Wu F, Guo Y, et al. The burden of disease in older people and 
implications for health policy and practice. Lancet. 2015;385:549-62.

2.	 Sackett DL, WM Rosenberg, JA Gray, RB Haynes, WS Richardson, 
Evidence based medicine: what it is and what it isn’t. Clin Orthop Relat 
Res. 2007;455:3-5.

3.	 López-Otín C, Blasco MA, Partridge L, Serrano M, Kroemer G. The 
hallmarks of aging. Cell. 2013;153:1194-217.

4.	 Shamliyan T, Talley KM, Ramakrishnan R, Kane RL. Association of 
frailty with survival: a systematic literature review. Ageing Res Rev. 
2013;12:719-36.

5.	 Lipsitz LA, Goldberger AL. Loss of ‘complexity’ and aging. Potential 
applications of fractals and chaos theory to senescence. JAMA. 
1992;267:1806-9.

6.	 Schäfer I, von Leitner EC, Schön G, et al. Multimorbidity patterns in 
the elderly: a new approach of disease clustering identifies complex 
interrelations between chronic conditions. PLoS One. 2010;5:e15941.

7.	 McLean AJ, Le Couteur DG. Aging biology and geriatric clinical 
pharmacology. Pharmacol Rev. 2004;56:163-84.

8.	 Maher RL, Hanlon J, Hajjar ER. Clinical consequences of polypharmacy in 
elderly. Expert Opin Drug Saf. 2014;13:57-65.

9.	 van Bemmel T, Gussekloo J, Westendorp RG, Blauw GJ. In a population-
based prospective study, no association between high blood pressure and 
mortality after age 85 years. J Hypertens. 2006;24:287-92.

10.	 Weverling-Rijnsburger AW, Blauw GJ, Lagaay AM, Knook DL, Meinders 
AE, Westendorp RG. Total cholesterol and risk of mortality in the oldest 
old. Lancet. 1997;350:1119-23.

11.	 Gussekloo J, van Exel E, de Craen AJ, Meinders AE, Frölich M, Westendorp 
RG. Thyroid status, disability and cognitive function, and survival in old 
age. JAMA. 2004;292:2591-9.

12.	 Muller M, Smulders YM, de Leeuw PW, Stehouwer CD. Treatment of 
hypertension in the oldest old: a critical role for frailty? Hypertension. 
2014;63:433-41.

13.	 Marengoni A, Angleman S, Melis R, et al. Aging with multimorbidity: a 
systematic review of the literature. Ageing Res Rev. 2011;10:430-9.

14.	 Boyd CM, Darer J, Boult C, Fried LP, Boult L, Wu AW. Clinical practice 
guidelines and quality of care for older patients with multiple comorbid 
diseases: implications for pay for performance. JAMA. 2005;294:716-24.

15.	 Leendertse AJ, Egberts AC, Stoker LJ, van den Bemt PM, HARM Study 
Group. Frequency of and risk factors for preventable medication-
related hospital admissions in the Netherlands. Arch Intern Med. 
2008;168:1890-6.

16.	 Opondo, Eslami DA, Visscher SA, et al. Inappropriateness of Medication 
Prescriptions to Elderly Patients in the Primary Care Setting: A Systematic 
Review. PLoS ONE. 2012;7:e43617.

17.	 Iyer S, Naganathan V, McLachlan AJ, Le Couteur DG. Medication 
withdrawal trials in people aged 65 years and older: a systematic review. 
Drugs Aging. 2008;25:1021-31.

18.	 Evans C, McCarthy M. Prognostic uncertainty in terminal care: can the 
Karnofsky index help? Lancet. 1985;1:1204-6.

19.	 Li CI, Lin CH, Lin WY, et al. Successful aging defined by health-related 
quality of life and its determinants in community-dwelling elders. BMC 
Public Health. 2014;14:1013.

20.	 Fielding RA, Vellas B, Evans WJ, et al. Sarcopenia: an undiagnosed 
condition in older adults. Current consensus definition: prevalence, 
etiology, and consequences. International working group on sarcopenia. 
J Am Med Dir Assoc. 2011;12:249-56.

21.	 Milte R, Crotty M. Musculoskeletal health, frailty and functional decline. 
Best Pract Res Clin Rheumatol. 2014;28:395-410.

22.	 Inouye SK, Westendorp RG, Saczynski JS. Delirium in elderly people. 
Lancet. 2014;383:911-22.

23.	 von Faber M, Bootsma-van der Wiel A, van Exel E, et al. Successful aging 
in the oldest old: Who can be characterized as successfully aged? Arch 
Intern Med. 2001;161:2694-700.

24.	 Lee SJ, Leipzig RM, Walter LC. Incorporating Lag Time to Benefit Into 
Prevention Decisions for Older Adults. JAMA. 2013;310:2609-10.

25.	 van de Water W, Markopoulos C, van de Velde CJ, et al. Association 
between age at diagnosis and disease-specific mortality among 
postmenopausal women with hormone receptor-positive breast cancer. 
JAMA. 2012;307:590-7.

26.	 Breteler MM, van den Ouweland FA, Grobbee DE, Hofman A. A 
community-based study of dementia: the Rotterdam Elderly Study. 
Neuroepidemiology. 1992;11 Suppl 1:23-8.

27.	 Lagaay AM, van Asperen IA, Hijmans W. The prevalence of morbidity in 
the oldest old, aged 85 and over: a population-based survey in Leiden, The 
Netherlands. Arch Gerontol Geriatr. 1992;15:115-31.

28.	 Penninx BW, van Tilburg T, Kriegsman DM, Deeg DJ, Boeke AJ, van Eijk 
JT. Effects of social support and personal coping resources on mortality 
in older age: the Longitudinal Aging Study Amsterdam. Am J Epidemiol. 
1997;146:510-9.

29.	 Anderson KM, Odell PM, Wilson PW, Kannel WB. Cardiovascular disease 
risk profiles. Am Heart J. 1991;121:293-8.

30.	 Nashef SA, Roques F, Sharples LD, et al. EuroSCORE II. Eur J Cardiothorac 
Surg. 2012;41:734-44.

31.	 Ravdin PM, Siminoff LA, Davis GJ, et al. Computer program to assist in 
making decisions about adjuvant therapy for women with early breast 
cancer. J Clin Oncol. 2001;19:980-91.

32.	 de Glas NA, van de Water W, Engelhardt EG, et al. Validity of Adjuvant! 
Online program in older patients with breast cancer: a population-based 
study. Lancet Oncol. 2014;15:722-9.

33.	 de Ruijter W, Westendorp RG, Assendelft WJ, et al. Use of Framingham 
risk score and new biomarkers to predict cardiovascular mortality 
in older people: population based observational cohort study. BMJ. 
2009;338:a3083.

34.	 Nieman LK. Approach to the patient with an adrenal incidentaloma. J Clin 
Endocrinol Metab. 2010;95:4106-13.

35.	 Izaks GJ, Westendorp RG, Knook DL. The definition of anemia in older 
persons. JAMA. 1999;281:1714-7.

36.	 Evidence-Based Medicine Working Group. Evidence-based medicine. 
A new approach to teaching the practice of medicine. JAMA. 
1992;268:2420-5.

37.	 Konrat C, Boutron I, Trinquart L, Auleley GR, Ricordeau P, Ravaud 
P. Underrepresentation of elderly people in randomised controlled 
trials. The example of trials of 4 widely prescribed drugs. PLoS One. 
2012;7:e33559.

38.	 Bayer A, Tadd W. Unjustified exclusion of elderly people from studies 
submitted to research ethics committee for approval: descriptive study. 
BMJ. 2000;321:992-3.



218

J U N E  2 0 1 5 ,  V O L .  7 3 ,  N O  5

The Netherlands Journal of Medicine

Mooijaart, et al. EBM in old age.

39.	 Van Spall HG, Toren A, Kiss A, Fowler RA. Eligibility criteria of randomized 
controlled trials published in high-impact general medical journals: a 
systematic sampling review. JAMA. 2007;297:1233-40.

40.	 Kent DM, Alsheikh-Ali A, Hayward RA. Competing risk and heterogeneity 
of treatment effect in clinical trials. Trials. 2008;9:30.

41.	 Meuwese CL, Gussekloo J, de Craen AJ, Dekker FW, den Elzen WP. Thyroid 
status and renal function in older persons in the general population. J Clin 
Endocrinol Metab. 2014;99:2689-96.

42.	 Dodd KS, Saczynski JS, Zhao Y, Goldberg RJ, Gurwitz JH. Exclusion of 
older adults and women from recent trials of acute coronary syndromes. 
J Am Geriatr Soc. 2011;59:506-11.

43.	 Van de Water W, Bastiaannet E, Van de Velde CJ, Liefers GJ, Inclusion and 
analysis of older adults in RCTs. J Gen Intern Med. 2011;26:831.

44.	 Lugtenberg M, Burgers JS, Clancy C, Westert GP, Schneider EC. 
Current guidelines have limited applicability to patients with comorbid 
conditions: a systematic analysis of evidence-based guidelines. PLoS 
One. 2011;6:e25987.

45.	 Conroy SP, Ansari K, Williams M, et al. A controlled evaluation of 
comprehensive geriatric assessment in the emergency department: the 
‘Emergency Frailty Unit’. Age Ageing. 2014;43:109-14.

46.	 Yourman LC, Lee SJ, Schonberg MA, Widera EW, Smith AK. Prognostic 
indices for older adults: a systematic review. JAMA. 2012;307:182-92.

47.	 Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: evidence for 
a phenotype. J Gerontol A Biol Sci Med Sci. 2001;56:M146-56.

48.	 Studenski S, Perera S, Patel K, et al. Gait speed and survival in older 
adults. JAMA. 2011;305:50-8.

49.	 Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of 
classifying prognostic comorbidity in longitudinal studies: development 
and validation. J Chronic Dis. 1987;40:373-83.

50.	 Mannucci PM. Thromboprophylaxis in the oldest old with atrial 
fibrillation: Between Scylla and Charybdis. Eur J Intern Med. 2013;24:285-7.

51.	 Saver JL, Kalafut M. Combination therapies and the theoretical limits of 
evidence-based medicine. Neuroepidemiology. 2001;20:57-64.

52.	 Mody L, Miller DK, McGloin JM, et al. Recruitment and retention of older 
adults in aging research. J Am Geriatr Soc. 2008;56:2340-8.

53.	 Bonk J. A road map for the recruitment and retention of older adult 
participants for longitudinal studies. J Am Geriatr Soc. 2010;58:S303-7.

54.	 Lawlor DA, Harbord RM, Sterne JA, Timpson N, Davey Smith G. 
Mendelian randomization: using genes as instruments for making causal 
inferences in epidemiology. Stat Med. 2008;27:1133-63.

55.	 van de Glind EM, Rhodius-Meester HF, Reitsma JB, Hooft L, van Munster 
BC. Reviews of individual patient data (IPD) are useful for geriatrics: an 
overview of available IPD reviews. J Am Geriatr Soc. 2014;62:1133-8.

56.	 Hussey MA, Hughes JP. Design and analysis of stepped wedge cluster 
randomized trials. Contemp Clin Trials. 2007;28:182-91.

57.	 Zuckerman IH, Lee E, Wutoh AK, Xue Z, Stuart B. Application of 
regression-discontinuity analysis in pharmaceutical health services 
research. Health Serv Res. 2006;41:550-63.

58.	 Hoffmann TC, Légaré F, Simmons MB, et al. Shared decision making: 
what do clinicians need to know and why should they bother? Med J Aust. 
2014;201:35-9.


