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Abstract

Aim: we aimed to systematically review drugs to treat lower urinary tract symptoms (LUTS) regularly used in older persons to
classify appropriate and inappropriate drugs based on efficacy, safety and tolerability by using the Fit fOR The Aged (FORTA)
classification.
Methods: to evaluate the efficacy, safety and tolerability of drugs used for treatment of LUTS in older persons, a systematic
review was performed. Papers on clinical trials and summaries of individual product characteristics were analysed regarding ef-
ficacy and safety in older persons (≥65 years). The most frequently used drugs were selected based on current prescription
data. An interdisciplinary international expert panel assessed the drugs in a Delphi process.
Results: for the 16 drugs included here, a total of 896 citations were identified; of those, only 25 reported clinical trials with ex-
plicit data on, or solely performed in older people, underlining the lack of evidence in older people for drug treatment of
LUTS. No drug was rated at the FORTA-A-level (indispensable). Only three were assigned to FORTA B (beneficial): dutaste-
ride, fesoterodine and finasteride. The majority was rated FORTAC (questionable): darifenacin, mirabegron, extended release
oxybutynin, silodosin, solifenacin, tadalafil, tamsulosin, tolterodine and trospium. FORTA D (avoid) was assigned to alfuzosin,
doxazosin, immediate release oxybutynin, propiverine and terazosin.
Conclusions: dutasteride, fesoterodine and finasteride were classified as beneficial in older persons or frail elderly people
(FORTA B). For most drugs, in particular those from the group of α-blockers and antimuscarinics, use in this group seems
questionable (FORTAC) or should be avoided (FORTA D).

Keywords: elderly, lower urinary tract symptoms, antimuscarinics, adrenergic α blockers, 5α-reductase inhibitors, phosphodiesterase
5 inhibitors, adrenergic b -3 agonists, effectiveness, tolerability, older people, systematic review
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Introduction

Drugs for the treatment of lower urinary tract symptoms
(LUTS) rank among the most frequently prescribed medica-
tions for older men and women [1]. While there are several
drug classes with proven efficacy available for their treat-
ment (i.e. α-blockers, antimuscarinics, 5α-reductase inhibitors,
phosphodiesterase type 5 (PDE5) inhibitors, and β3-agonists),
there is no systematic comparative study on the published evi-
dence base for their appropriateness or inappropriateness for
this population.

Older people are more heterogeneous than younger indi-
viduals; they have more medical problems (multimorbidity)
and take more medications as a consequence (polyphar-
macy). Pharmacotherapy for older persons requires clinicians
to consider the alternations in pharmacodynamics and
pharmacokinetics associated with ageing and the increased
likelihood of drug–drug interactions and adverse events. The
efficacy and safety of any proposed treatment may be differ-
ent from that in younger people. For older persons with
multimorbidity and/or geriatric syndromes (e.g. dementia),
remaining life expectancy, and caregiver wishes and expecta-
tions also play a role in treatment decisions. Multimorbidity
is extremely common in today’s older people; those aged
>80 years have an average of three diagnoses [2] leading to
polypharmacy with 44% of men and 57% of women ≥65
years in the USA [3], and one-third in Germany [4] taking
five or more drugs.

When used appropriately, there are health benefits asso-
ciated with multiple appropriate drugs but adverse reactions
reported by the Food and Drug Administration tripled
between 1995 and 2005. These reactions have been shown to
be the fourth leading cause of death in the USA [5]. Choosing
the right drug, for the right patient, at the right time, is also
critically important in the management of LUTS in older
people, because they are highly prevalent and bothersome in
both men and women [6].

The FORTA (Fit fOR The Aged) classification was intro-
duced in 2008 with the aim of guiding physicians in their
screening process for inappropriate or harmful medications
and drug omissions in older patients in an everyday clinical
setting [7, 8]. FORTA represents the first classification
system in which both negative and positive labelling is com-
bined at the level of individual drug or drug groups. The
system aims at the individual indications (implicit listing re-
quiring patient characteristics/diagnoses) and is therefore
different from negative lists such as the American Geriatrics
Society Beers Criteria list [9], the STOPP (Screening Tool of
Older Person’s Prescriptions) criteria [10] or the German
PRISCUS list [11]. Involving a two-step Delphi process and
rating by a total of 25 experts, the FORTA classification has
led to a listing (FORTA list) of >200 different drugs/drug
groups for over 20 main therapeutic areas with relevance to
older people which is continuously expanded and refined
[12].

In brief (for details, see ref. 12), the FORTA classification
labels, depending on the state of evidence for safety, efficacy

and overall age-appropriateness, are assigned for individual
drugs as follows:

• Class A (absolutely): indispensable drug, clear-cut benefit
in terms of efficacy/safety ratio proven for a given indica-
tion in older people.

• Class B (beneficial): drugs with proven or obvious effi-
cacy in older people, but limited extent of effect or safety
concerns.

• Class C (careful): drugs with questionable efficacy/safety
profiles in older people, to be avoided or omitted in the
presence of too many other drugs, lack of benefits or
emerging side effects; review/find alternatives.

• Class D (don’t): avoid in older people, omit first, review/
find alternatives.

For example, relevant antihypertensive drugs are classified
as follows: ACE-inhibitors/angiotensin-receptor antago-
nists and long-acting dihydropyridine calcium antagonists:
FORTA A; β-blockers/diuretics: FORTA B; spironolac-
tone/moxonidine: FORTA C; clonidine/verapamil: FORTA
D [12]. FORTA does not take the place of individual thera-
peutic considerations or decisions. Contraindications always
take precedence over the FORTA classification and the
system allows for exceptions. Application of the FORTA list
has led to the first published endpoint effect of a listing ap-
proach: the rate of falls, a major geriatric problem, could be
reduced by two-thirds and overall medication quality
improved compared with standard care [13].

In this article, we present the analysis and rating process
of an independent multiprofessional international expert
panel for the 16 most commonly prescribed oral drugs for
long-term use in patients with LUTS, based on a systematic
literature review and a subsequent two-step Delphi approach
using the FORTA classification.

Methods

Supplementary data, Appendix S3, available in Age and Ageing
online.

Procedure

The present expert rating procedure evolved from a previous
conference during which the situation of older people with
urinary incontinence was evaluated [14]. The procedure was
performed in the following steps:

• Identification of the rater team members: The initiators of the
project (M.W. and M.O.) identified raters based on avail-
able information on the internet. Experts were eligible if
they met the following criteria: geriatric internists/geria-
tricians, general practitioners or urologists with documen-
ted clinical experience in the pharmacotherapy of
(multimorbid) older people; high academic status; prom-
inent standing in the leading geriatric/urological medical
associations; substantial number, quality and relevance of
publications. Accordingly, five raters (K.B., D.C., E.C.K.,
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M.K., A.W.) were identified who met those criteria and
could also accept the invitation to participate.

• Selection of drugs to be assessed: In the first step, the initiators
M.W. and M.O. selected groups of drugs used orally for
long-term treatment of LUTS and listed relevant agents
in each group. Urological drugs were chosen if they are typically
used as long-term treatment. Given this limitation, anti-
biotics drugs were not considered. The proposed choice of
drugs was refined by the raters who voted for removing
non-oral drugs (e.g. oestrogen ointment).

• The relevant drug classes were 5α-reductase inhibitors,
α1-blockers, antimuscarinics, β3-agonists and PDE5 inhibi-
tors (Table 1). Medication codes using the WHO Drug
Reference List, which employs the Anatomical Therapeutic
Chemical (ATC) classification system, were added for com-
pleteness and to facilitate subsequent searches.

• Systematic literature review: A literature search in PubMed/
Medline and the Cochrane library was performed in
March 2014 using the search terms [drug name] in the
INN terminology plus the standard filters [clinical trials]
[full text available] [age 65+ years], and [age 80+ years].
The aim of the search was to identify appropriate clinical
trials to examine the efficacy, safety and tolerability of
drugs used for the treatment of LUTS in older people. A
total of 835 abstracts were retrieved and reviewed by M.
W. and M.O. for appropriateness, in particular whether
the article explicitly reported results in the age groups
≥65 years, ≥70 years, ≥75 years, ≥80 years, ≥85 years. In
a second step, [drug name] and the terms [elderly] or

[older] in the title were searched. In total, 62 additional
abstracts were retrieved and checked for appropriateness.
A duplicate article was removed. Analysis of studies as full
texts: A total of 34 potentially appropriate articles were
identified. They were reviewed as full texts and key infor-
mation extracted by M.W. and M.O. into an extensive
Microsoft Excel file with particular focus on the presence of
information on particular side effects (see Supplementary
data, Appendix S1, available in Age and Ageing online). No
attempt was made to contact authors to acquire additional
data or unpublished data.

• Analysis of summary of product characteristics: The most recent
summary of product characteristics (SmPC) was down-
loaded for all drugs from the EMA website, or if not
available, from other reliable sources (e.g. www.fachinfo.
de). For generic drugs, the most frequently used brand
was selected based on the prescription volume in
Germany [1]. The texts were thoroughly analysed by M.
W. and M.O. using the same template as for the full texts
above. From this material, the initiators, M.W. and M.O.
derived a proposal for initial FORTA labels. The pro-
posal together with the spreadsheet and full texts/
abstracts were forwarded to the rater team for review and
addition of further articles that were felt to be relevant.

• Two-step Delphi process: The initiators and members of the
rater group convened at a meeting at the annual EAU
congress in Stockholm on 15 April 2014 and were
instructed by M.W. and M.O. about the process with par-
ticular focus on the FORTA procedure.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1. Selected drugs for the long-term treatment of lower urinary tract symptoms in older people

Drug class (drugs in
alphabetical order)

Agent FORTA
classa

Number of
ratersb

Consensus coefficient,
Round 1 (cut-off 0.800)

Expert ratings on a numerical
scale: A = 1, B = 2, C = 3, D = 4
Round 1 (R1) Round 2 (R2) Mean (Mode)

5α-reductase
inhibitors

Dutasteride B 5 1.000 2.0; 2

Finasteride B 5 0.900 2.2; 2
α1-blockers Alfuzosin D 5 0.900 3.8; 4

Doxazosin D 5 0.900 3.8; 4
Silodosin C 5 1.000 3.0; 3
Tamsulosin C 5 1.000 3.0; 3
Terazosin D 5 0.800 R1: 3.6; 4

R2: 3.8; 4
Antimuscarinics Darifenacin C 5 1.000 3.0; 3

Fesoterodine B 5 0.900 2.2; 2
Oxybutynin standard dose/
immediate release

D 5 0.900 3.8; 4

Oxybutynin low dose/extended release C 4 1.000 3.0; 3
Propiverine D 5 0.700 R1: 3.4; 3

R2: 3.8; 4
Solifenacin C 5 1.000 3.0; 3
Tolterodine C 5 1.000 3.0; 3
Trospium C (B) 5 0.800 R 1: 2.4; 2

R 2: 2.6; 3
β3-agonist Mirabegron C 5 1.000 3.0; 3
PDE5 inhibitor Tadalafil C 5 0.900 2.8; 3

LUTS, lower urinary tract symptoms.
aOriginal FORTA class in parentheses if different from consensus results.
bNo changes between Rounds 1 and 2.
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After the meeting, raters reviewed the literature and classi-
fied each of the listed drugs according to FORTA, together
with optional comments. The related survey is deposited in
the Supplementary data, Appendix S2, available in Age and
Ageing online; 16 drugs and 17 items were finally rated (low
dose/extended release and standard dose/immediate release
oxybutynin separately rated).

Statistics

Details of the Delphi method (all experts rate independently
without knowing their peers’ ratings, knowing only the
reached consensus) and the corresponding statistical analysis
have been described in detail previously [12]. In brief, the
aggregated list of rater labels was statistically analysed (see
below), the aggregate findings were sent out to the reviewers
for a second rating round if the consensus coefficient was
<0.800.

For this statistics, raters’ FORTA labels were converted
into numerical values A→1, B→2, C→3 and D→4, respect-
ively; the mean (m) and mode were calculated for each item,
reconverted to FORTA labels and compared with the original
author-based labels. The range for each label was defined as:

if 1≤ m< 1.5→ FORTAClass A
if 1.5≤ m< 2.5→ FORTAClass B
if 2.5≤ m< 3.5→ FORTAClass C
if m≥ 3.5→ FORTAClass AD

where m=mean based on the raters’Grades 1–4.
Consensus parameters were generated by calculating the

percentage of experts’ FORTA ratings (minus abstentions) in
line with the original FORTA values, both overall and for
each item separately. The coefficients were then corrected
(cons_corr) to weight the degree of deviation between the
experts’ individual FORTA ratings, expressed in terms of
range class, from 0 to 3 as defined:

Range = 0: unanimity among all experts (no deviation);
Range = 1: greatest range only from A to B or B to C, or C
to D (neighbouring classes), ½ weight;

Range = 2: greatest distance from A to C or B to D, 2/3
weight;

Range = 3: greatest distance from A to D, full weight.

In the second round, as in the first procedure, values were
converted and medians and means calculated. The arithmetic
mean provided the basis for back conversion to FORTA
labels that were compiled for all drugs in a separate, anno-
tated list. After the second round, the Delphi process led to
unequivocal results and was finished.

Evidence synthesis

Literature search

In total, 897 abstracts were potentially relevant based on the
search in PubMed/Medline. As shown in Figure 1 (PRISMA
flow chart, [s16]), 34 papers were identified from those
abstracts that seemingly met the inclusion criteria and were

further checked as full text; only 25 papers contained results
on clinical trials on older patients or explicitly reported data
from subgroups of older patients aged ≥65 years (which is the
most commonly used, but unauthorised definition of ‘elderly’)
for the 16 drugs of interest. Explicit results on clinical trials
for older patients were reported for the 5α-reductase inhibitors
dutasteride [s15, s17, s18] and finasteride [s15, s19], the
α1-blockers alfuzosin [s20], doxazosin [21] and tamsulosin
[s18, s22], the antimuscarinic drugs darifenacin [s23, s24], fes-
oterodine [s25-s30], oral oxybutynin [s31-s33], solifenacin
[s33, s34], tolterodine [s26, s35, s36], and trospium [s37], the
β3-agonist mirabegron [s38] and the PDE5 inhibitor tadalafil
[s39, s40]. As seen in Table 2, the number of studies reporting
data on older patients to support drug efficacy and safety was
one for alfuzosin, doxazosin, trospium, and mirabegron, two
for darifenacin, solifenacin, tadalafil and tamsulosin, three for
oxybutynin (both formulations) and for tolterodine, and six
for fesoterodine. Several studies were small (<100 patients)
with the SOFIA trial, exposing 392 elderly patient to fesotero-
dine in the double-blind phase, being one of the largest RCTs
dedicated to older patients [s30]. Only 18 of the 25 papers
reported on randomised, controlled clinical trials (RCTs).

Safety data from these trials were heterogeneous, in several
cases not detailed, and a clear and comparable overview was
difficult to achieve. Therefore, the integral and consensual as-
sessment of all data including those from the SmPCs is add-
itionally given as summary in Table 2 (right column).

No specific reports in older patients were available for the
α1-blockers silodosin, or terazosin, respectively, or the anti-
muscarinic drug propiverine.

Analysis of summary of product characteristics

No package inserts, with the exception of that for oxybuty-
nin, explicitly mentioned the elderly population. A summary
of the published evidence is provided as Supplementary data,
Appendix S1, available in Age and Ageing online. The amount
of information available on side effects and contraindications
of particular interest in the elderly population was highly vari-
able. For example, for many agents, study results are available
on typical geriatric problems such as dementia (or cognition
overall), falls, anticholinergic effects or constipation, while
other side effects of specific relevance such as the serotonin
syndrome were not mentioned in any of the reviewed SmPC.

Delphi process leading to the final FORTA

classification

Final ratings after round 2 are shown in Table 1. Proposed
ratings were confirmed in 94% of cases (deviation for 1/17
items). Only 3 of the 16 studied drugs were re-rated in the
second survey (Table 1). Ratings changed for propiverine
(C→D) and trospium (B→ C). Table 2 summarises the
rationales (key points) behind the categorisation of the indi-
vidual drugs.

The ratings showed little variance with a corrected consen-
sus coefficient of >0.8 in all but four cases which had to be
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re-rated in the second round. Trospium was finally assigned a
C rating, but with only a one vote majority (2 B, 3 C).

Eventually, no drug was labelled with FORTA A. Out of
the 17 items for 16 drugs, only 3 were assigned the FORTA
B (beneficial) classification: dutasteride, fesoterodine and
finasteride. The majority of agents were rated with FORTAC
(careful) (in alphabetical order): darifenacin, mirabegron, oral
oxybutynin (low dose/extended release), silodosin, solifena-
cin, tadalafil, tamsulosin, tolterodine and trospium, labelling
them as potentially harmful if not properly monitored for
effects and adverse events; this does not entirely preclude
their use, as in Category D but mandates close clinical sur-
veillance and individualisation of use. Furthermore, the fol-
lowing agents were assigned a FORTA D classification
(avoid): alfuzosin, doxazosin, oral oxybutynin (immediate
release), propiverine and terazosin.

Discussion

On the basis of our systematic literature search and analysis
as well as subsequent rating process for frequently used
drugs for the treatment of LUTS in older patients, only three

were labelled FORTA B (beneficial), dutasteride, fesotero-
dine and finasteride. The majority of drugs should only be
used with caution in older persons, for specific indications,
and with safety monitoring (FORTA C), while alfuzosin,
doxazosin, oxybutynin in standard dose/immediate release
formulations, propiverine and terazosin should be avoided
(FORTA D).

Key findings on urological drug appropriateness

The unique FORTA process makes clear that, within a given
drug class, the appropriateness of individual drugs may sub-
stantially vary; such differences can be based on real differ-
ences in efficacy and safety (e.g. newer drugs may have
optimised profiles), but also on the quality of the trial, and
the specific patient population studied. Strict and citable evi-
dence, as typically derived from RCTs, is an exception rather
than the rule for the older population, although important if
available. Likewise, data from studies in older people may
reflect specific outcomes of interest, for example, cognition,
rather than efficacy or tolerability and, therefore, may have
not been given due emphasis. For example, those studies

Figure 1. Flow diagram for the systematic review according to the PRISMA statement [s16].
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Table 2.Drug names by FORTA classification, basic data from studies included and rationale for classification

Drug Total number of studies on
efficacy, safety and
tolerability in older patients

Number of studies thereof
presenting subclass
analyses in older patients

Total number
of older people
treated

Number of
studies showing
efficacy

Approximate rate
of side effects (%)

Description of properties relevant for FORTA classification

FORTA A (indispensable)
No drugs identified
FORTA B (beneficial)
Dutasteride 3 2 4,430 3 12 (not assessed in

two trials)
Efficacious in elderly, no geriatrically relevant side effects (mental
deterioration, fall, cardiovascular), impotence or breast problems not
seen as major drawbacks

Fesoterodine 6 3 2,511 6 60 The best studied antimuscarinic drug in older people (large patient
numbers that render lack of impact on cognitive functions, favourable
cognitive profile, clear-cut efficacy in older people)

Finasteride 2 1 3,283 2 12 (not assessed in
one trial)

Efficacious in elderly, comparably well studied, no geriatrically relevant
side effects (mental deterioration, fall, cardiovascular), impotence or
breast problems not seen as major drawbacks

FORTAC (caution)
Darifenacin 2 2 421 2 58 (not systematically

reported in [23],
added from text)

Associated with cardiovascular notes of caution, significant anticholinergic
reactions, with constipation as typical geriatric problem being frequent,
mental deterioration not unequivocally shown, but used as argument of
caution

Mirabegron 1 1 1,183 1 56 Relatively new drug, efficacy also shown for older people; almost all data
are from regulatory documents which only state qualitatively that elderly
do react differently from younger patients. No specific data on major
problems in older people: cognitive effects not properly studied. The
cardiovascular side effects are of major concern in older people and
may contribute to increased risk even in normotensive patients; atrial
fibrillation is seen as serious potential side effect. Rating may change to
B if proper data on elderly are provided in the future

Oxybutynin (low
dose/extended
release)

1 1 111 1 65 Acceptable rate of anticholinergic side effects if used in low doses
(extended release); however, a paucity of data in older people exists

Silodosin – – – – No data on efficacy and safety in older people available, hypotensive
reactions as contraindication or matter of caution. Superiority in
efficacy or safety over other α-blockers has not been substantiated in
studies in older people. High concomitant incidence of arterial
hypertension which under any treatment may render patients
hypotensive; even low α-blocking activity may be detrimental in this
situation. Discrepancy of reporting low incidence of hypotensive
reactions as summary of studies in the experts’ information and its
rating as being frequent in the side effect table

Solifenacin 2 2 1,159 2 36 Associated with cardiovascular notes of caution, significant anticholinergic
adverse events, with constipation as typical geriatric problem being
frequent, mental deterioration not unequivocally shown, but used as
argument of caution and post-marketing reports

Tadalafil 2 2 558 1 26 Cardiovascular contraindications. No primary efficacy studies in elderly
patients but pooled analysis shows efficacy in patients aged 65 years or
older
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Tamsulosin 2 2 1,121 – 37, not specifically
assessed in [s18]

No data on efficacy in older people, small cardiovascular study,
hypotensive reactions as contraindication or matter of caution,
especially upon treatment initiation, indicating increased risks for falls
and fractures. Though hypotensive reactions may be less than with
other α-blockers, this has not been substantiated in studies in older
people. High concomitant incidence of arterial hypertension which
under any treatment may render patients hypotensive; even low
α-blocking activity may be detrimental in this situation

Tolterodine 3 1 643 3 48 Associated with cardiovascular notes of caution, significant anticholinergic
reactions, with constipation as typical geriatric problem being frequent,
mental deterioration shown in two studies, used as argument of caution

Trospium 1 1 178 1 47 Understudied but plausible results on mental safety in conjunction with
measurements in CSF. Peripheral anticholinergic action of no less
concern than for other antimuscarinics, thought QTc effects do not
seem to occur

FORTA D (avoid)
Alfuzosin 1 1 2,121 1 6 Data from an open study on efficacy and safety in older people,

vasodilatory effects including hypotensive reactions as contraindication
or matter of caution frequent. High concomitant incidence of arterial
hypertension which under any treatment may render patients
hypotensive; cardiac arrhythmias and even syncope may be precipitated

Doxazosin 1 1 341 – 42 Only old data on efficacy and safety in older people available, hypotensive
reactions as contraindication or matter of caution frequent. High
concomitant incidence of arterial hypertension which under any
treatment may render patients hypotensive; even low α-blocking activity
may be detrimental in this situation. Cardiac arrhythmias, myocardial
infarction and stroke may be precipitated. May only be used to primarily
treat arterial hypertension concomitantly (FORTAC) if properly
indicated

Oxybutynin
(standard dose/
immediate release)

2 1 60 1 73 (dry mouth 86) High rate of anticholinergic side effects, cardiovascular risk profile, proven
mental/cognitive side effects including falls, even for extended release
preparations, paucity of clear data in older people (note low dose
extended release: FORTAC)

Propiverine – – – – High rate of anticholinergic side effects, cardiovascular risk profile,
unclear cognitive side effects, lack of clear data in older people

Terazosin – – – – No data on efficacy and safety in older people, hypotensive reactions as
contraindication or matter of caution. High concomitant incidence of
arterial hypertension which under any treatment may render patients
hypotensive; even low α-blocking activity may be detrimental in this
situation. Cardiac arrhythmias. May only be used to primarily treat
arterial hypertension concomitantly (FORTAC) if properly indicated

The total number of study papers for each drug, the number of subclass analyses for older people contained therein (out of the database of 25 papers), the numbers of older patients treated in those studies, the number of
studies showing efficacy in older people and the approximate rate of adverse events (AE, mean value) are shown from left to right (AEs were difficult to compare as the overall rate of AEs was not explicitly stated in several
reports from which they had to be added from the individual items not taking into account multiple AEs in the same patients. The number of patients was added from separate analyses including those in which open label
studies have been conducted on the same patients as in the preceding clinical trials.) The integral assessment of all data including those from the SmPCs is summarised in the last column to the right.
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specifically examining the short-/medium-term cognitive
safety of antimuscarinics in elderly people are rare.

Recognition of older patients as important recipients of
pharmacological treatments for LUTS has increased over
recent years, leading to a focus on the need for data specific
to that population. Studies had previously only reported on
older people taking part in registration trials of medications
where those >65 years of age comprised approximately
one-third of the total sample. Older people included in such
trials were often unrepresentative of the general elderly, being
healthier and with relatively fewer co-morbid conditions.
Trials specifically in community-dwelling elderly [s29, 41]
and in the more medically complex elderly [s25] are relatively
recent developments that should become a standard ap-
proach to testing of novel agents in therapeutic areas which
predominantly affect older people. Likewise, older trials
often fail to identify adverse events that may predominantly
affect older people such as cognition [42].

The antimuscarinic agent fesoterodine has been the subject
of considerable testing in people aged ≥65 years, with purpos-
ive recruitment of patients aged ≥75 years [s25,s29,s30].
Fesoterodine has been found to be efficacious in the treatment
of urinary urgency and urgency incontinence in older patients
with beneficial outcomes in terms of health-related quality of
life and in those with considerable co-morbidity and polyphar-
macy, with few adverse cognitive events over the period of the
clinical trials. Darifenacin, in its single pre-planned study of ef-
ficacy in patients aged ≥65 years failed to reach statistical sig-
nificance on its primary outcome but did note that the
proportion of people who derived benefit from active treat-
ment were greater than those who received placebo treatment
[43]. The cognitive safety of darifenacin has also been exten-
sively tested in a series of chronic dosing studies in cognitively
intact older people [44, 45]. Data on solifenacin, tolterodine
and alternative preparations of oral oxybutynin are derived
from post hoc pooled analyses of older people participating in
registration trials [s34,s36] and as such, conclusions from such
data are limited by their nature. Data on the efficacy of tros-
pium, often touted as elder friendly due to its propensity not
being able to cross the blood–brain barrier [46] and its lack of
drug–drug interactions [47] are notably lacking; this may have
hampered its FORTA rating. In the updated Beers list [9],
all antimuscarinics are classified as ‘anticholinergics’ to be
avoided in people with constipation.

The FORTA classification presented here underlines clin-
ically relevant differences between drugs in this class ranging
from D to B ratings which are not adequately reflected in a
pure negative list (‘drugs to avoid’) as opposed to the com-
bined positive/negative approach of FORTA.

Mirabegron has only recently been introduced into clinical
practice and data supporting its use in older patients [s38]
naturally lag behind those drugs that have been on the
market longer. Therefore, any update of this list in the future
may result in different FORTA classifications.

Whereas much of the available data consider the use of these
drugs in the community-dwelling, largely robust elderly, there
has been scant attention paid to the needs of the frail elderly, a

point clearly made in the 5th International Consultation on
Incontinence guidelines for the frail elderly [48].

Other drug delivery systems, such as transdermal or trans-
vaginal formulations of oxybutynin or local injections of ona-
botulinum toxin [49] for the treatment of urgency or urgency
incontinence, may be alternatives for orally administered drugs
in older people. However, we have limited our literature search
and analyses to oral medications as they represent the majority
of prescriptions [1]. Additionally, transdermal, transvaginal or
local application of drugs has not been subject of thorough
investigations in older people, and therefore, scientific data for
the age groups of interest are lacking. These facts were dis-
cussed by the rater group who explicitly recommended refrain-
ing from categorising these preparations to limit heterogeneity
and maintain feasibility of the process. Nevertheless, these
treatment options could be of interest in the future to avoid
first pass effects, improve tolerability and lower/avoid adverse
events particularly in the group of elderly or frail older patients.
Transdermal oxybutynin could be seen, for example, as a rea-
sonable, but understudied and not widely utilised alternative.

Methodological considerations on literature analysis

To obtain a robust basis for the rating, the rater group applied
a standard literature search that focused on the older popula-
tion (age ≥65 years). Despite the fact that urological drugs are
mainly used in this population, including the very old and frail
elderly patient, there was a lack of published data for this
population. In a recent hearing of the FDA as part of the
Safety and Innovation Act of 2012, it was noted that the geriat-
ric population is clearly under-represented in cardiovascular
trials (only 9% of all patients included). We demonstrated in
our literature search and analyses that the situation is not sub-
stantially different for drugs used to treat LUTS [50].

To detect and include available information on studies in
older people that may not have been published in PubMed/
Medline or the Cochrane library, we also reviewed current
summaries of product characteristics. Information about the
safety of drugs has to be gathered by the respective drug
manufacturers and—usually every 6 months—submitted to
regulatory authorities (periodic safety update reports, PSUR)
[51]. Based on the European Union legislation 2309/93, arti-
cles 21 and 22, and the EU directive 75/319/EEC, articles
29c and 29d, and the ICH Guideline CPMP/ICH/377/95
[52], such information consists of spontaneous reports
about adverse drug events, results of clinical studies and sys-
tematic literature searches on case reports and other sources.
Given this background and in view of the paucity of pub-
lished studies of relevance for our review, we also used this
document as source for our assessment.

While, in principle, all manufacturers of a generic drug
have to submit PSUR to the regulatory authorities, the pre-
scribing information for the same drug marketed under dif-
ferent brands may differ due to varying update intervals but
also due to differences in drugs with respect to auxiliary
ingredients such as salts. Thus, if a drug was marketed under
several brands, we chose the most frequently prescribed one
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as listed in the drug-prescribing report [1]; it is based on all
prescriptions paid by the statutory health insurance in
Germany and updated on an annual basis.

The rating process followed the Delphi procedure [53].
The consensus process was driven by an evidence-based ap-
proach, i.e. experts made their decision based on the results
of the literature search, while their personal experience was
secondary.

Limitations of the study

It is possible that some inconsistencies were related to the
multidisciplinary nature of this Delphi exercise. For instance,
not all of the respondents had equal practical experience with
the various drugs (e.g. mirabegron was launched in June
2014 in Germany and Spain but is still not available in
France). Furthermore, the group was small and a larger set
of experts (also from additional countries) might come to
slightly different conclusions. However, the degree of con-
sensus was notable given the fact that experts with different
specialisations voted without knowing their colleagues’ opi-
nions. This is in line with the degree of rating consensus for
the first round of the Delphi process for the published
FORTA list [12] which was almost the same (92%) for a
much larger group of raters (20 from different countries).

As the raters were collectively instructed about FORTA at
the inaugural meeting, anonymity could not be warranted;
however, communication of any voting opinion was sup-
pressed at this meeting, and independence was ensured by
formal agreement on not communicating the individual
votes during the Delphi rounds.

Consensus aspects cannot be excluded from drug assess-
ments in older people as limited evidence is the rule rather
than the exception, and integration of all data including
SmPC undoubtedly relies on personal assessment. This is
underlined by the fact that even in the fesoterodine studies of
older patients, those with significant cognitive impairment
at baseline were excluded from participation, illustrating a
typical gap of clinical evidence.

In some larger studies, which included patients with a
mean age of 60–65 years with a typical age distribution, a
substantial proportion of elderly/geriatric patients will be
present but not reported separately. If the subgroups were
not explicitly reported, these data remained unnoticed in our
systematic review. For urological drugs, a limited amount of
scientific evidence is currently available for the evaluation of
active substances, potential therapeutic alternatives and indi-
cated monitoring procedures [11].

Although SmPC were thought to yield unpublished infor-
mation, some valuable information from trials may not be
detected by the screening procedure. The experiences from
uncontrolled trials or even case reports are lost in such an ap-
proach, but they may add relevant information. The gold
standard would have been a qualified meta-analysis which,
however, would have failed in most instances or not added
information as in most instances only singular or heteroge-
neous studies could have been included.

FORTA does not specifically address drug–drug interac-
tions or contraindications that still need to be checked indi-
vidually. Thus, (in)appropriateness in general terms does not
necessarily imply the same in individual patients.

Conclusions

Drugs commonly used in urology for the treatment of LUTS
differ widely in terms of appropriateness for the older popu-
lation. From this analysis, based on yet sparse clinical evi-
dence, it appears that beneficial drugs are only available in
the classes 5α-reductase inhibitors (dutasteride, finasteride)
and antimuscarinics (fesoterodine), whereas the use of the
majority of drugs for LUTS may be problematic or should
be avoided in older people.

Key points

• Using a systematic approach including a literature search
and subsequent Delphi process, an interdisciplinary expert
group rated the appropriateness of the most frequently
used drugs for long-term treatment of LUTS in older
people with regard to efficacy, tolerability and safety.

• In older people, the majority of these drugs, in particular
those from the group of α-blockers and antimuscarinics,
should either be used with caution or be avoided.

• The evidence base for the use of these drugs in older
people is limited.
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of cognitive decline? A systematic review
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Abstract

Introduction: exposure to air pollution has been shown to increase risk of inflammatory processes and risk of cardiovascular
mortality. Such exposure may therefore also be a risk factor for cognitive impairment/dementia.
Method: a systematic review of the literature was conducted with databases searched using keywords for air pollution, cogni-
tive decline and dementia. All identified abstracts and potentially relevant articles were double read. For those papers meeting
the inclusion criteria, summary tables were prepared and papers quality assessed.
Results: from 1,551 abstracts identified, 10 articles were retrieved of which two were rejected. Of the eight remaining six
reported prevalent cognitive assessment with historical pollution exposure and two incident cognitive decline, also with histor-
ical pollution exposure. In general, an association was reported between exposure and poorer prevalent measures of cognitive
function. Data were mixed for incident cognitive decline with one study finding an association and the other not. Reports were
limited by a lack of detailed reporting, use of proxy measures of pollution exposure and a lack of clarity regarding cognitive
testing methodology and analysis.
Conclusion: this systematic review highlights that there is some evidence of a potential association between air pollution and
subsequent cognitive decline. Further work is clearly required and longitudinal analysis of ongoing cohort studies or new
research would add much needed clarity to this area.

Keywords: dementia, cognitive decline, air pollution, particulate matter, black carbon, older people, systematic review

Background

Modification of risk factors currently offers the best hope of
reducing the global burden of dementia. In addition to life-
style and health-related modifiable risk factors, air pollution
has recently emerged as a further risk factor worthy of con-
sideration, due to its associations with adverse cardiovascular
and systemic inflammatory effects [1].

In recent years, there has been an increasing interest in
the adverse effects of air pollution, particularly in regard to
cardiovascular disease, with a 2013 systematic review report-
ing an association between exposure to airborne fine

particulate matter and an increased risk of cardiovascular and
all-cause mortality [2]. An analysis of 11 European cohorts,
published in 2014, also found an association between par-
ticulate matter and incident coronary events [3]. In addition
to particulate matter (fine particulate matter <2.5 µm
(PM2.5), UltraFine Particulate Matter <0.1 µm (UFPM) and
larger particulates), exposures to gaseous pollutants, such as
ozone and nitrogen dioxide, have also been associated with
increased cardiovascular and cardiopulmonary mortality
[4–6], though the evidence base is less robust than for air
borne particulates (reviewed in Review of evidence on health
aspects of air pollution—REVIHAAP Project, WHO, 2013)

755

Air pollution and cognitive decline
D

ow
nloaded from

 https://academ
ic.oup.com

/ageing/article/44/5/745/52038 by guest on 24 April 2024

www.ema.europa.eu/docs/&hellip;/WC500002749.pdf
www.ema.europa.eu/docs/&hellip;/WC500002749.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




