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Concurrent use of alcohol interactive @
medications and alcohol in older adults:

a systematic review of prevalence and

associated adverse outcomes
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Abstract

Background: Older adults are susceptible to adverse effects from the concurrent use of medications and alcohol.
The aim of this study was to systematically review the prevalence of concurrent use of alcohol and alcohol-interactive (Al)
medicines in older adults and associated adverse outcomes.

Methods: A systematic search was performed using MEDLINE (PubMed), Embase, Scopus and Web of Science (January
1990 to June 2016), and hand searching references of retrieved articles. Observational studies reporting on the concurrent
use of alcohol and Al medicines in the same or overlapping recall periods in older adults were included. Two
independent reviewers verified that studies met the inclusion criteria, critically appraised included studies and
extracted relevant data. A narrative synthesis is provided.

Results: Twenty studies, all cross-sectional, were included. Nine studies classified a wide range of medicines as Al using
different medication compendia, thus resulting in heterogeneity across studies. Three studies investigated any medication
use and eight focused on psychotropic medications. Based on the quality assessment of included studies, the most
reliable estimate of concurrent use in older adults ranges between 21 and 35%. The most reliable estimate of concurrent
use of psychotropic medications and alcohol ranges between 7.4 and 7.75%. No study examined longitudinal associations
with adverse outcomes. Three cross-sectional studies reported on falls with mixed findings, while one study reported on
the association between moderate alcohol consumption and adverse drug reactions at hospital admission.

Conclusions: While there appears to be a high propensity for alcohol-medication interactions in older adults, there is a
lack of consensus regarding what constitutes an Al medication. An explicit list of Al medications needs to be derived and
validated prospectively to quantify the magnitude of risk posed by the concurrent use of alcohol for adverse outcomes in
older adults. This will allow for risk stratification of older adults at the point of prescribing, and prioritise alcohol screening
and brief alcohol interventions in high-risk groups.
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Background

By 2050, older adults aged =60 years are expected to ac-
count for 34% of the population in Europe [1]. While al-
cohol consumption changes over the life-course, with a
decline in consumption in older age, recent evidence
from nine UK based prospective cohort studies, have
shown that drinking occasions tend to become more fre-
quent among older adults [2]. There is also evidence of a
cohort effect, with successive birth cohorts reporting an
increase in alcohol consumption across all age-groups,
including among older adults [3].

Even at relatively low levels of alcohol consumption,
older adults can be vulnerable to harm, with physio-
logical changes exacerbating these harms [4, 5]. Further-
more, older adults experience a disproportionate burden
of alcohol related-harm; in England between 2009 and
2010, adults aged =65 years accounted for approximately
44% (461,400) of alcohol-related hospital admissions yet
comprised of only 17% of the population [6, 7]. Alcohol-
related deaths were also highest among those aged 55 to
74 years [4].

Furthermore, the use of multiple medicines is increas-
ing in older adults [8—11]. A recent Irish study reported
an increase in polypharmacy from 17.8 to 60.4% between
the years 1997-2012 in older adults aged =65 years [11].
Certain medications have the potential to interact with
alcohol; these medications are referred to as alcohol
interactive (AI) medications [12]. They may interact with
alcohol by altering the metabolism (pharmacokinetic) or
effects (pharmacodynamic) of alcohol and/or the medi-
cation [12]. Certain interactions may occur with any al-
cohol consumption, whereas other interactions may
follow a dose response, with the risk or severity of an
interaction increasing with increasing levels of alcohol
[13]. Al medications, when combined with alcohol, in-
crease the risk of medical complications such as
hypoglycaemia, hypotension, sedation, gastrointestinal
bleeds and liver damage, in older adults [5, 12]. For ex-
ample, older adults are vulnerable to the sedating effects
of alcohol and when combined with central nervous sys-
tem (CNS) agents, such as psychotropic medications,
older adults have an increased risk of sedation and
drowsiness [5]. Psychotropic medicines include antide-
pressants, sedatives/hypnotics, stimulants and neurolep-
tics, all of which act on the CNS and are commonly
prescribed to older adults [14]. Similarly, concurrent use
of alcohol with cardiovascular agents, such as vasodila-
tory agents, increases the risk of hypotension in older
adults [5], with concurrent use with non-steroidal anti-
inflammatory drugs (NSAIDs) increasing the risk of
gastrointestinal bleeds [12].

While a recent systematic review has assessed the
prevalence of concurrent alcohol use and prescription
sedative-hypnotic medicines in middle-aged and older
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adults, [15] there have been no systematic reviews on
the prevalence of concurrent use of alcohol and alcohol
interactive medications beyond psychotropic medica-
tions and associated adverse outcomes in older adults.
An older review did investigate the potential risk of
combining alcohol with medications in older adults
however the focus of the review was on the pharmacol-
ogy and mechanism of action involved in alcohol-
medication interactions and potential clinical implica-
tions of these interactions [5]. Therefore this study aims
to systematically review the prevalence of concurrent
use of alcohol and alcohol interactive medications in
older adults and associated adverse outcomes.

Methods

This systematic review was performed according to Pre-
ferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) guidelines [16].

Search strategy

A comprehensive systematic search was performed using
MEDLINE (PubMed), Embase, Scopus and Web of Sci-
ence. A combination of the following keywords and MeSH
terms were used: “ethanol”, “alcohol”, “drug interactions”,
“drug alcohol interaction” and “aged”. This search was
supplemented by a search in Google Scholar and by hand
searching references of retrieved articles. The search was
restricted to English language articles and articles pub-
lished since January 1990 to June 2016.

Study selection and data extraction

Studies were included if they met the following eligibility
criteria: Observational studies reporting on the concur-
rent use of alcohol and alcohol interactive (AI) medi-
cines in the same or overlapping recall periods in older
adults. Studies also had to report on the quantity or fre-
quency of alcohol consumption. We excluded studies
which exclusively sampled patients with specific ill-
nesses, or those seeking treatment for alcohol use disor-
ders (AUD) or illicit drug use.

Title and abstracts of identified studies were reviewed
by one reviewer (AH) to determine potential eligibility.
Full text articles were then reviewed by two reviewers
(AH/GC) for those studies considered eligible from title/
abstract, or when it was unclear whether a study met the
inclusion criteria. The following data were extracted by
two reviewers (AH/GC): year of publication, country,
study sample, study design, measurement and definition
of alcohol interactive (AI) medications, measurement of
alcohol consumption, prevalence of alcohol use and Al
medication use and prevalence of concurrent alcohol
and Al medication use. Adverse outcomes associated
with concurrent use of alcohol and AI medications were
also extracted if reported. Any uncertainty in relation to
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study eligibility and data extraction was resolved through
discussion between two reviewers (GC/AH).

Critical appraisal

The risk of bias was evaluated, by two reviewers (AH/
GC), using an adapted form of the Newcastle Ottawa co-
hort scale (NOS) [17]. This amended NOS scale allowed
for the evaluation of cross-sectional studies, focussing
on the risk of selection bias and information bias, specif-
ically misclassification bias of both exposures (alcohol
and Al medications) and the outcome (concurrent use
of alcohol and Al medications) across included studies.

Results

Of the 546 citations identified from this search strategy,
108 full text articles were assessed for eligibility, with 20
studies meeting the inclusion criteria [14, 18—36] (Fig. 1).

Study characteristics

Ten of the included studies were conducted in Europe
[14, 19, 21-23, 25, 27-29, 36], eight in North America
[18, 20, 24, 30-32, 34, 35] and two in Australia [26, 33].
(Table 1) All studies were cross-sectional [14, 18-36].
Study settings varied across studies with; community-
dwelling [14, 19, 21-27, 31, 34-36], both community
dwelling or living independently in care facilities [32],
general populations [20, 28, 33], hospital setting [29], re-
tirement communities [18] and participants signed up to
a pharmaceutical assistance contract for the elderly [30]
reported.

Sample sizes varied from 311 to 83,321 participants
[18, 30] . Men and women were included in all studies,
with the exception of one Australian study which only in-
cluded men [26]. Nine studies reported on a wide range of
prescription and/or over the counter (OTC) medicines with
potential to interact with alcohol [18-21, 24, 27, 29-31] .
Three studies investigated any medication use during the
recall period [23, 33, 35], and a further eight focused on
psychotropic medications [14, 22, 25, 26, 28, 32, 34, 36]. Of
the eight studies focusing on psychotropic medications, five
investigated psychotropic medications alone [22, 25, 26, 34,
36] and three studies also included analgesics [14, 28, 32].

Of the nine studies focusing on a wide range of Al med-
ications, all studies classified central nervous system
(CNS) agents as Al medications (Table 1). Consistent with
those studies investigating psychotropic medications
(14, 22, 25, 26, 28, 32, 34, 36], the following drug
classes were classified as Al medications, sedatives/
hypnotics [18-21, 24, 27, 30, 31], antidepressants
[18-21, 27, 30, 31], opioids/narcotics [18-21, 27, 30,
31], anticonvulsants [19-21, 24, 27, 30, 31] and anti-
psychotics [19-21, 27, 29, 30]. After CNS agents, car-
diovascular medicines (CVS) were the most common
Al medicines [18-21, 24, 27, 29-31], followed by
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antidiabetic drugs [18, 20, 21, 24, 27, 29-31], warfarin
[18-21, 24, 27, 30, 31], gastrointestinal agents [18-21,
24, 30, 31], non-steroidal anti-inflammatory drugs
(NSAIDs) [18-21, 29-31], antibiotics/anti-infectives [21,
24, 27, 29-31] and anti-histamines [19-21, 30].

Quality assessment

The methodological quality of the included studies is de-
tailed in Table 2. The external validity was high in 4
studies, as they reported on random population samples
of community dwelling older adults aged =60 or
>65 years [21, 24, 27] or in the case of Breslow et al, a
random population sample with oversampling of older
adults aged =60 years [20]. Ten studies were considered
to have moderate external validity; five studies sampled
random community dwelling older adults but with age
restrictions which may have introduced selection bias
[14, 19, 25, 26, 31] such as including adults aged be-
tween 53 and 75 years [25] or only including adults
>75 years [19]. A further five studies reported on ran-
dom population samples of community dwelling adults
with subgroup analysis of older adults, however they did
not report oversampling of older adults [22, 23, 28, 33, 34].
The six remaining studies were considered to have poor
external validity, as the risk of selection bias is considered
to be high [18, 29, 30, 32, 35, 36]. For example, Pringle et
al. recruited enrollees in the Pennsylvania pharmaceutical
assistance contract for the elderly, which may not be repre-
sentative of all older adults as the members are older
(mean age 78.8 years) and more likely to be female and
white with multiple chronic conditions [30].

Internal validity was assessed by evaluating the potential
risk of misclassification bias for both exposure and out-
come across studies. Ten studies were considered to have a
low risk of misclassifying exposure to medications which
have the potential to interact with alcohol, as they used
prescription claims data or in house inventories where they
recorded details from the labels of medication containers
or prescriptions and provided references supporting the in-
clusion of medicines as potentially alcohol interactive
(Table 2) [14, 20, 21, 25, 26, 28, 30—32, 34]. The potential
for misclassification bias was considered high in the
remaining studies as they relied on self-report for medica-
tion exposure [18, 22, 23, 27, 29, 33, 35, 36] and/or did not
provide references supporting the inclusion of medicines
as potentially alcohol interactive [19, 23, 24, 29, 33, 35].

While all studies relied on self-reported alcohol con-
sumption, thus introducing potential biases in recall and
reporting, 11 studies were considered to have a lower
risk of bias as they reported on both quantity and fre-
quency of alcohol consumption within a specified recall
period, ranging from 1 week to 12 months (Table 2)
[14, 18-23, 25, 26, 31, 34]. The risk of misclassification
bias, specifically underestimating exposure to alcohol, was
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Records identified through database searching:
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MEDLINE PubMed= 162
Scopus= 314

Web of Science= 68

Additional records identified through
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(n=8)

(E.g. Google scholar and hand search
of references of articles)

(n =546)

Records after duplicates removed

}

(n = 546)

Records screened: using
title and abstract

Records excluded
based on title and
abstract
(n=438)

A 4

(n=108)

Full-text articles assessed
for eligibility

Full-text articles excluded, with
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(n=288)

l

Select sample (specific disease

(n=20)

Studies included in
qualitative synthesis

group; AUDs only) (n=11)

Case reports/ Case control
(n=12)

Review articles/chapters (n=25)

Fig. 1 Flow diagram of studies included in this review

No information on alcohol
measurement (n=2)

Study sample did not include
older adults (n=4)

Alcohol or medicine prevalence
only (n=12)

Education/intervention and
patient perception based studies
(n=13)

Other (e.g. non-English full text)
(n=9)

considered to be higher in the remaining studies as they
used quantity or frequency measures alone [24, 32, 35],
did not specify the recall period [24, 27, 30, 35], restricted
measurements to wine consumption [29, 36] and used a
very narrow recall period “last working day or last week-
end” [28]. Ascertainment of exposure to alcohol was un-
clear in one study [33].

In relation to outcome assessment, no study directly
measured the concurrent use of alcohol and Al medica-
tions, rather all studies inferred concurrent use. Although
possible for all studies, the risk of misclassifying the out-
come of concurrent use was considered lowest in those
studies identified as having a low risk of misclassifying

exposure, who used the same recall period for both expo-
sures or inferred concurrent use based on alcohol con-
sumption within a specific recall period, ranging between
1 week and 12 months, and current or regular medication
use (Table 2) [14, 20, 21, 25, 26, 31, 34].

Summary of findings
As noted in Table 1, all estimates relate to studies from
North America, Europe and Australia.

Alcohol consumption
The prevalence of alcohol consumption ranged between
57 and 63% in studies reporting on nationally representative



Page 5 of 16

Holton et al. BMC Geriatrics (2017) 17:148

uswi oy b 0z

Z 13 UsWom Joj 6 0|2 uondunsuod Ajlep
(BupuLp A4SH) 9SN WIS|gOId SYUow |
1sed ‘Aousnbayj-Anuenb oypads abesanag

loyodje jo 6oL =uun |

(foamy/siun GE< JUSWOM

13 M99M/SHUN OG< :UdW) uondwnsuod ybiy
19 (99M/SUUN GE-G | [USWOM H99M/SHUN
0S—7C “UsW) 21eI9pOoWl ‘(faam/suun | S

{USWIOM HoaM/SIUN |7 S UBW) MOT :SHoam

7 15ed fousnbaly-Ainuenb oynads sbesansg

SHIIM 7
15ed ‘Aousnbaly-A1puenb oypads sbelsnag

loyodje jo 6oL =>uup |

(9aMm /Sfulp 0L Jo

KeP/SHULIP <) SIDYULP AABDY pUB (oM /
SYULP 0L 40 Aep/SYULIP 1 ) S1esapow/ Y61
'3UON Syauow g 1sed ‘Aduanbal-Ainuenp

SOIM/SHULIPY | < IBIABIY 9 ¥2IM/SHULIP
#71—0< :291eI9pOoUl SIeaA $,9—07 USW Jo-
“(foIM/SHULIP £ <) SISYULIP JSIABSY 9 YoM
/SHULP /—0< :uonduNSUOD 31eJoPOWl SIeak
GO< USW 13 S3be ||e JO USWOM IO} ‘SUON
Syow ¢ | 1se| ut Aouanbaiy — Aupuend

loyodfe Jo b z1-LL = Huny

399M/ SHUN /<

YoaM/s1uN /—| ‘QUON SYluow | 1se|
‘fousnbaly-Auuenb oypads sbelansg

“Jonbl| pley

JO 'ZO G'| JO SUIM PIIUOJ JO ZO €
'3UIM JO ZO G '493q JO ZO 7| = Yuup |
HSRMY/SHULP £Z 10 H29M/SAULP 9—|
'3UON ‘syruow 9 1se| ‘Aousnbaiy

- Auenb :alieuuonssnb teaeyy

‘Syusbe 1ejndseAolp.ed ‘AJejnwiio SSUDIPIN Y
pue AJejnuiio4 [euoneN ysig ‘suoidessiu] bnig
$,A9P|D01S BUISN PayuSp! [OYOD[e Yl 10eI1Ul 01
[enua10d Yum SUOIDIPSW JO 9N Jeinbal IO JuaunD

2J9M SDAISSNYIUR Se Pasn sauRpod 1e1dO (1/vgZoN

104 1da0xa ‘joweladeled i upidse gZoN Papod

sBbnup papnpPx3) “00N PIPOD SBNIP WS1SAS SNOAISU
DLV :sAep / ised ul asn uonedipaw didolioydAsd Auy

YoM ¢ 1sed ‘asn auidszeipozusag

pauodal

©2JN0S 90Ual9)al ON 'SHooM ¢ 1sed ‘asn uonedipsiy

S1UBXE|2J IISNW 79 SI01R[NPOLIOUNUIWI
'Sbnup |9 ‘saAndayuUl-Iue ‘Syusbe disgelpiue
‘syusbe poojq ‘saujweisiyiue ‘syusbe SN

siuabe Alorelidsal
19 dlinadelayioydAsd Dljogelsw ‘|5 ‘siaipow

uonenbeod ‘syusbe SN ‘syusbe Jejndsesoipied
Buipnpul [ ‘et ‘z1] suonedygnd € woj sedulalel

(A) 13 s35EqRIRP PANA|IRQ (A1) 'WOd3UI| Y e3H

‘wodyewaled (1) ‘wodsbniq (1) buisn payruspl
‘yruow 1sed ‘uonedipaw uondudssaid |y 4o 95N

thOQw\_ 10U 922JN0S 9dUvlajay "Ulieliem

13 s91e1do ‘SQIYSN ‘s91eliu ‘sondsjoinau ‘sisluobelue

J101dadal ¢H ‘sauldazelpozuaq ‘saulwieisiyiue

'Sy ‘siuessaldapiiue ‘S)ues|NAUODIIUR ‘(jowelddRIRy)

usydouluelady :joyod[e Yim suodesaiul
[enuajod bBuiAey SUOIEIIPAW JO 3SN 1UIND)

pauodal 10U 22IN0S DUIIRJRY "S13CEIP JO INOB
‘2In|ie} eay dANSIBUOD IO} SPAU 19 ULIBLEM ‘SIXDO|q
CH ‘spoejue ‘saaIsuLRdAY-Ue ‘siuessaidapnue

'SD110DJRU ‘S9ARRPaS ‘Ulidse ‘SOIVSN [SyIuow 9

15| Ul spaw st YBIy, JO s [_UOISEII0 JO Ie|nbay

(sJaulrIUOD |BUIBLO
1o suondunsaid ‘Majnisul
13 ASAINS) [BUONDSS SSOID)

(M3
UM ASAINS) [PUONDSS SSOID

(M3InIIU
UM ASAINS) [BUONDSS SSOID

(2412UUONSIND

P219|dW0D-4|35 1§ PIMIIAII
SUONEDIPAW BUIOY-Ul SMIIAIDIUI
P3| 3SINN) [BUONDIS $SOID

(SI2U1RIUOD UONREDIPAW ‘BUIOY
-UJ SMOIAISIU) [eUONDSS SSOID)

(slaureruod 1 suondudsaid
MBIAIDIUL 3SINN]) [eUOIDSS SSOID)

(Aonns pavodal
-J|9S P3JI_) [BUOIDIS SSOID)

sieak 6/-09 :abuey
dN

UsWl 9%7'G¥

S09L =N

YN

Usul 934

9659 = N Sieah 912
G201 = sieak 992

YN
Usaul 981

¥80'LC =N

sleaf 9| 2

€00€ = N s1esk 992

s1eak g6—09 2buey
(slesk /%) 169
SoleW %99%

SL8E =N

KN

UsW 9| G

£59'97 = N s1eah 072
€8lL=N

sleak oz

sIeak /'G6—G/ :obury
(siexh v F) 18

usWw 9%/7

lcS=N

dN

(s1eah 9 F) €8
usW 94£7
LLe=N

synpe 1apjo buijjemp 1]

AuNwiwod ‘Aupwiisn) 8007 NQ
sileak 9| 2

synpe buijamp [¢z] zooz

Aunwwiod ‘ujeds oy 2@
sieak 9| 2

synpe Bulimp [€7] 9661

Aunwwiod ‘ujeds oy 2@
sieak 092

sanpe Japjo bulemp  [17] €107

AHUNWWOD ‘puejall HUNlep)

sieekoz 2z [ogd slog

uonendod |essuab ‘5N MOJ|S.g

snpe Japjo buljlemp 61]

Ayunwwod ‘puejul4 5007 elly
SIUETOICY

AHUNUWIWIOD JUDWIINDI [81]

'(SN) se18IS pauuN - G661 swepy

paidde spjoysaiyy
‘fousnbai4/Auenp uondwnsuod |0yodly

(s)uonedipaly v

UOIHULRR JUSWINSEIIA

(dpow AsAIns) ubissp Apnis

obuel ‘(psF) obe
ueawl ‘xas ‘N :syuedpnled

pumas ESEIETEN]

SalpN1s papNn|dul JO Soiisuo1deley)) L ajqel


http://drugs.com
http://caremark.com
http://healthline.com

Page 6 of 16

Holton et al. BMC Geriatrics (2017) 17:148

YIuow/Syulp /-1 34617
:Aousnbaiy-Aiuenb usund

PIPN[IXS 2UaM
495N |0Yod[e AAB3Y ‘AJUO SI)ULIP S1eISPOU
19 SIDYULP-UON “(SHUN UM AjIep) :UoISSILpe
|eydsoy

01 Joud uopndwnsuod Ajiep jo Aiuenp

(A|lep pawinsuod

sanl| = _Aep |) _Aep | gz0 < Anedy (11
.. Aep | 570 01 dn s1eIzpOW (It dUOU (| 03Ul
papIAIp uonduwnsuod auim Ajieq :Auen)

(Kep/Boz< UsWOM

3 Aep/b OE< :USW) BUULID YSIY :pUSYSIM
158| pue Aep BUIOM 1SB| UO PaWNSUOD
|oyod|e dyads abeiandq Jo Auuen)

loyode Jo B z1 =>up |

(YuowlMuup | >) siasn-

UOU/[PWIUIW 73 (29M/SHULIP / > ING YIUOW
AULP | 1583 1B) SISYULIP 21RIIPOU ‘(oam
/S3WIL [BIDASS SYULIP €2 1o Aep bupulp
[e21dAY B UO SYULP GZ 10 S9aM /SUlp /<)
Su 1y Aduanbaig-Ainuenb dypads abeiansg

[oyodje Jo b gL=3uup |

SISNULP J9ASU JO ISWLIO) :SISYULPUON “(¢Z
21035 JOYD) SIULP widjqoid g (Kep/syunp
7<) ANBay '(YIuoWl/5oUo 15e3)| 18 SyulIp

62) abuiq ‘(1eam/skepy) Ajiep syiuow 7|
1sed Aouanbai-Anuenb dydads abeiansg

[oyodje Jo 6 z1=uun |

HOIM/SHUN /< USWIOM M/

SHUN 1< usw) bupulp Aaeay g (UOISEII0
/SHUN $2Z USWOM :UOISeII0/S1UN G2 UW)
abuiq eam/sawi 7z Jusnbaly isyiuow 7|
1sed Aouanbaly-Ainuenb oypads abelansg

Ale|nbai
9 SOUIIBWOS ‘Aj2Jes 1aAau Lousnbaly

15114 Buisn) suondelaul [oyodje 1o} enuaiod
yum sbnup :skep g 1sed ‘suonduosaid pajji4

wyaLobe ofueleN buisn suonoeal

Brup asiaape buisned Jo ysu 01 Buipiodde palyissed
sbnip :2bieydsip 1e paqgudsaid 19 Aeis [eydsoy
Bunp ‘uolssiwpe o3 Joud uaxe) SUonedIPaN

9sn auldazelpozuag

skep /£ 1sed ‘pioido pue yHS papnpul :dnoib

06 'S21ouUdAY pue SaAIIePSS JO SUOIBUIGUIOD &
sonAjoixue 1o sonoudAy ‘seaneAusp suolpaulpuadid
'S91eWEqIRD ‘(SOAIIRALIDP 19) Sauldazeipozuag
‘(SSAIIBALIRP 19) S21eIN1IqUeq (BUIpNDUIl SAUIDIPIW
(VHS) sonAjoixue Jo sonoudAy ‘aAnepas Jo asn

upepiem pue sjuiaedA|bodAy ‘syusbe

SND "SNWIj0Ie) % UlwiofaW ‘uisozeld ‘UIA|Njoasub
‘WeIl|NSIp ‘2|0zZeplull ‘2|0Zepluc1aw SUondeIRul
|oyodje-brup Juedyiubis paynuapl aseqeiep
uonoeIRUl (XNI4S) PuIDUIjRI-X UONRDRI|
ysiuul4 ‘ysipams suonedipaw paqudsald juaind

(sonoudAy oyIl-ouidazelpozuaq
pue sauldszeipozusg buipnpul) sgys R (sloyio
pue SOV ‘SYDL ‘SIYSS Buipnppul) syuessaidapiuy

SUOIIRUIQUIOD 19 S1URSSaIdapIUe ‘SOAINRPS
‘sonoudAy ‘sopAjoixue ‘sonoydAsdiue :malaiul
Jo awin e sbnip didonoydAsd jo asn senbay

UOIIBDIPAW PWILYISE D10 X
SUOIIBDIPAW 2INZIS “UlNSUl ‘sJuabe poo|q ‘sploJals
‘skeids |eseu D] O ‘s||id Buidasis ‘suonesipaw JajN

'SUONPDIPaW $313qRIP ‘SuoiedIpPaW ujed ‘suonedipaw

uled 1534 ‘suoiedIpaw BulSle puiw ‘soiolgiue

‘SUONEDIPaW 1IR3y ‘suonedIpaW siuyue ‘suoliesedaid

PI0d D10 ‘sonainip ‘sanisusuadAy-nue ‘siajjyured

D10 :wieay [eoulp Apnis AQ pauyap sbnup |y :yuow

1sed 1o Appuaund suonedipaw 1O Jo uondudsald

p3apIod31 10U 312M (J/L0V)
SUOIIPUOD |5 10} sa1e1d0 9 YZON Yim pabiaw

(eyep swiepd uondudsaid
19 ASAINS) [BUOIISS $SOID

(suolssiwpe

e w:mcco_umwjg |eUONDaS SSOID

(uondadsul [ensia

‘alleuuonsanb >oype woy
12 M3IAIRIU) {|RUONDSS SSOID)

(suonesipaw

1US1IN2 UO UoNewlojul papirosd

quedidiued Jo Jsuleluod

M3IAISIU[) [BUOIIISS SSOID

(ASAINS PajIeW) [BUONDSS S501D

(ybnoiq suopnedpaw

“M3IAIDIUJ) [BUOIDDS SSOID)

(swisjqoud Aue i

1ybnouq suondudsaid ‘Mmajaiiul
19 ASAINS P3JIeLl) [BUONDDS SSOID)

(SI2UIPIUOD UOHRDIPAW ‘MBIAIDIU

9 AOAINS) [BUONDSS SSOID)

UsWl 96|

1Ze'e8 = N

YN

(s1e2h 91 F) €0/
UsWl 945G
8/L'TT =N

UN

UN

usw %/ Lt

[9/€=N SIeaA G92

sieak 6/-0g :obuey
dN

usW %6t

06¢t =N sieak 02
dN

YN

(4N) sieak z'g/
usw 95°G¢
S6€1=N s1esk 69 2

YN
4N

usw %001
S0L'L=N s1esh 0/2

sieak ¢/-¢G :abuey
(4N) s1eah €9

Usal 918

/L =N

4N
(51034 99F) 't/
usW 9%6'6¢
L99=N

[EoINSdEWIRYY
BIUBAJASUURY ‘SN

S1npe Jap|o
pbuowe suolssiwpe
|eudsoy ‘Ajey|

synpe Japjo buyjlemp
Ayunwiwiod ‘aduel

sleak 0z 2
uonendod
[IENERRETIED)

synpe Japjo buljjemp
Ajunwiwod ‘puejulq

usw Jap|o buljamp
AHUNWWIOD ‘eljensny

synpe Japjo buljlsmp
AJuUNuIWOod ‘puejul4

synpe Jap|o buljlemp
Aunwwod ‘sn

[0€]
500z 9|6uld

(6]
¢00¢ 49pUO

[9€] Lo0T
Inoeube

(87
£00¢ uyor

[za] z10T
usuowwl|

(92 €107
Dewoy|

[52] 8007
RET

[Pl €661
13315104

(PanUUOD) SIIPNIS PIPN|PUL JO SIISHIRIRYD | djqel



Page 7 of 16

Holton et al. BMC Geriatrics (2017) 17:148

|oyodje Jo by | =quLp |

yuow

/S{ULP | €< 13 |0yod[e 01 SaA AAeSH ‘Yiuowl/
SYULP O %9 [0YOD|e O} A :21eISPO ‘Yiuow
/S{ULp 67> 13 |oyode 01 saA 3ybr ‘Yyuow
/SISULIP O 79 [OYOD[R 01 OU ‘SIaUleISqy
Aousnbau-Anuen)

Jonby|

JO ZO 7 | 10 19|00D/3ulm Jo sse|b | ‘Yeip
4O Sse|b /193q JO UPD JO 910q | ={ulp |
(USW 10y Aep/SHULIP G JO USWOM 10} Aep
/SYULP $<) Bupuup abuIq 10 (USWOM JOJ
YIIM/SHULIP < /USW 1O} Y9M/SHULIP 1<)
Bupjuup Areay 1 d1esopow ‘BupuLp oN
:1eak 1sed ul bupuup asoyl buowe skep /
snoiraid ay3 Jo yoea uo Aduanbai-Ainuend

pa1e|ndjed
1eak 1sed ul sKep Bupulp Jo JaquinN
‘loyode

POWINSUOD 43K JO YIUOU 99M/SaW)

4O Jaguinu abeany eak ised ‘Aousnbai

(Aep/syunp

$Z 9 IMAULP | Z) enbas-abulg
(Aep/syuip

€-7 9 }aMAULP | Z) einbal-AnesH
(Reppup

L 73 eamMuLp | 2) Heinbai- ybr]
(CteempuIp

| > 1O dUOU) SIaNULp JejnbHaJ-UoN
syiuow ¢ 1se| Aousnbaly-Aipuend

YIUOW/SHULP 0§< AARDH
IUOWI/SYULP 0£-8 :D1RISPON

5z ybiy
13 - 91BJ9POU ‘| S MO| [SUONBDIPSW JO JSqUINN
‘A|lep uaye) suopedipaw D10 pue suondudsald

syuow 7|
1sed ul asn pauodas oym asoyy buowle skep

7 1sed bulnp (uojdsjez pue wapid|oz ‘auopidozsa
‘auop1doz) sonoudAy auidazelpozuag-uou

"(@DSON PUe YgSON ‘IVEON) seuldazelpozuaq Jo as

suonedipaw uled uondudsaud g
syuessaidapnue ‘siazijinbuely/sonAjoixue ‘sopoudAy
/SOAI1EPaS :Jeak 1sed ul suonedIpaul d1donoydAsy

S10942 [EDIUID PRUWI| UOUIN +
AdeJay1 anireusayje a1nbas 1o UoIPUOd

S|ENPIAIPUI JO UOIIBCUIIRXS Ul 3NS3I ABU :21RIIPOI €
SIUDAS SSISAPE SNOLISS JUASId 0} UOIUSAISIUI
[e2IPRW 2uInbal Jo Buluaiealyi-ayl| 2q Aew uofe|y 7
[oyod[e Yim

35N 10§ PA3edIPUIRU0D SBNIQ :Pa1edIpuleuO)) *|
:uondeISIUl JO AJI9ASS 0}

Bulpiodde pasiobaled sbniq (9seqeIep xaPauloDIN
UOSWOY]) [0Yyod[e Yim 1oeIa1ul 01 [enusiod

Yum (Ap@am Jo Ajiep) asn Jeinbal 1o ualind

SPa3|q YDRWIOIS JO ¥sli 95ealdul Aew [0yodje JO asn
Ajep ‘uoneapaw siyy Bupiel sjiym joyodle Hwi v
109449 SIY1 AJisuaul

AeW [O0YOD|e 'SS2UIZZIP PUB SSaUISMOIP 3SNed Al *€
uonedIpaW sIy} Bupjel Usym [oyodje uup Jou od 7
199)49

SIY1 AJIsusiul el [OYOD|e 'SSaUISMOIP 3Sned Al |
IV PRJapIsuod sbuiuiem

BUIMO]|0} BUL JO BUO Yum (SBni U] juegeled

(SmalnUl
90} 01 9DB4) [PUOIIDIS SSOID)

(sIduleIU0D
UONEDIPAW ‘MIIAIDIUL YIIM
ASAINS) APNIS [BUOIIDAS SSOID)

(s|2qe| JauleIuod
UOIIBDIPIW 1§ SMIIAIDIUI
3SNOY Uj) [eUOIIIBS SSOID)

(Semoq uonesipaw
UoeAISSqO 1y SMaIAIL1UL
9SNOY U[) [BUOIIDSS SSOID)

sieak €01-09 :2buey
(sleak €1'8%) ¥8'9/
UsW 945§

(=N

N

usaw %6t

Y86'9E=N 18k G| Z
dN

YN

(s1e3k /176 F) G/
usw 9%6'97
8TOL=N SIe9A 6§ 2

sieak Gg-/G :abuey
dN

Uswl %98

GL6C =N

sieak 90 1-G9 :abuey
(sieak 69 F) 88/

synpe Jspjo Buljemp

(Sel

AIUNWWOD ‘eduaWyY 9107 BUop

sieah | z bujjemp
AlUNWWOD ‘epeued)

SJUSPISI JSp|o Alljioey
aied 91eH316uU0d
BulAl] yuspuadapul

3 buljlemp
Aunwwiod ‘sn

synpe Japjo buljemp
Alunwwod ‘sn

s19sn
Hnip uondussald
Apop|3 2y 1oy
1DR1IUOD) 3DURISISSY

[v€] 600C
uszZINYpIRA

[cel s661
ueyeays

(1€l
S10T 01eD

(PanUUOD) SIIPNIS PIPN|PUL JO SIISHIRIRYD | djqel



Holton et al. BMC Geriatrics (2017) 17:148

Table 2 Results of the critical appraisal of included studies

Page 8 of 16

Study Representativeness  Ascertainment of Ascertainment of ~ Ascertainment of  Assessment of Study total:

of sample alcohol consumption Al medications Al medications the outcome

(classified) (measured) (concurrent use)

a) Cross Sectional Studies Outcome of Interest Concurrent use of alcohol and medications:
Adams et al. 1995 [18] ++ + et
Aira et al. 2005 [19] + ++ ++ ot
Breslow et al. 2015 [20] ++ ++ ++ ++ ++ FHt
Cousins et al. 2014 [21] ++ ++ ++ ++ ++ bbb
Del Rio et al. 1996 [23] + ++ o+
Del Rio et al. 2002 [22] + ++ ++ 4+
Du et al. 2008 [14] + ++ ++ ++ ++ b
Forster et al. 1995 [24] ++ + ++ bt
llomaki et al. 2008 [25] + ++ ++ ++ ++ et
llomaki et al. 2013 [26] + ++ ++ ++ ++ bbb
Immonen et al. 2012 [27] ++ + ++ .
John et al. 2007 [28] + + ++ ++ -+
Lagnaoui et al. 2001 [36] ++ 4+
Onder et al. 2002 [29] + +
Pringle et al. 2005 [30] + ++ ++ o+
Sheahan et al. 1995 [32] + ++ ++ o+
Qato et al. 2015 [31] + ++ ++ ++ ++ -+
Swift et al. 2007 [33] + +
Veldhuizen et al. 2009 [34] + ++ ++ ++ ++ bbbt

Wong et al. 2016 [35]

samples of community dwelling older adults (Table 3)
[21, 24, 27]. Prevalence estimates of alcohol consump-
tion were generally lower in studies sampling restricted
age-groups, for example estimates ranged between 33.7
and 44% for studies restricted to older adults aged
>70 years [26] and >75 years [19]. Similarly, prevalence es-
timates of alcohol consumption were generally lower in
those studies considered to have a high risk of selection
bias [18, 29, 30, 32, 35]. For example, 20% of older adults
registered on the Pennsylvania pharmaceutical assistance
contract for the elderly reported alcohol consumption
[30]. All studies reporting on gender differences identified
a higher prevalence of alcohol consumption in men
[19-21, 25, 29, 31, 36].

Alcohol interactive (Al) medicines

Exposure to alcohol interactive medications varied across
studies; nationally representative studies of community
dwelling older adults using objective measures of Al ex-
posure estimate exposure at between 72 and 79% among
the total study samples (Table 3) [20, 21]. Studies with ob-
jective measures of exposure to psychotropic medications
in community dwelling older adults reported prevalence
estimates of between 11.5-20% among the total study
samples [14, 25, 26]. In contrast to alcohol consumption,

use of psychotropic medications was significantly higher
in women than men [14, 22, 25, 28, 32].

Concurrent use of alcohol and Al medications among
older adults

Eleven studies reported on the concurrent use of alcohol
and alcohol interactive medications among the total study
samples (Table 3) [14, 18-20, 23, 24, 31-33, 35, 36]. Eight
of the 11 studies reported on alcohol consumption and a
wide range of medicines with potential to interact
with alcohol, with the prevalence of concurrent use
ranging between 18 and 39% among the total study
samples [18-20, 23, 24, 31, 33, 35]. Only two of these
studies were considered to have a low risk of mis-
classification bias for concurrent use [20, 31] . Bre-
slow et al. estimated the prevalence of concurrent use
among older adults at 35% [20]. Concurrent use was
highest for cardiovascular agents (28%) followed by
metabolic agents (17%), CNS agents (10%) and coagu-
lation modifiers (10%). Approximately 7.75% of all
older adults were identified as concurrent users of al-
cohol and psychotropic medications [20]. Qato et al.
reported a prevalence estimate of 21%, with potential
alcohol-medication interactions in older adults aged
between 57 and 84 years being significantly more
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likely among men, white respondents, wealthier re-
spondents, and those with higher education levels and
greater comorbidities [31]. The prevalence of concur-
rent use was lower in studies which focused on psy-
chotropic medications, ranging between 2 and 15.7%
[14, 32, 36]. Only one study was identified as having
a low risk of misclassifying concurrent use in older
adults [14], with an estimated prevalence of 7.4%
among the total study sample and 2.4% for concur-
rent heavy alcohol consumption and psychotropic
medications. Older age (70-79 years), residing in
rural or small town areas, living alone, higher social
status, polypharmacy and a poor social network were
independently associated with concurrent use of alco-
hol and psychotropic medications [14]. While a
higher proportion (15.7%) of older adults in a French
study [36] were identified as concurrent users of wine
and benzodiazepines, the methods of ascertaining ex-
posure to benzodiazepines was unclear, as was the as-
sessment of concurrent use. Similarly, the lower
estimate of 2% for concurrent use of alcohol and psy-
chotropic medications in Sheahan et al. [32] is likely
an artefact of their sample including patients in con-
gregate care facilities.

Five studies assessed the prevalence of alcohol con-
sumption among users of a broad range of alcohol inter-
active medications (Table 3) [19-21, 27, 30]. Breslow
[20] and Cousins [21] were identified as having a low
risk of misclassifying concurrent use, and reported
prevalence estimates of 45 and 60% respectively. Cousins
et al. [21] found that older adults using Al medications
were significantly less likely to report alcohol consump-
tion compared to those unexposed to Al medications.
Younger age (60—64 years), men, urban dwelling, higher
levels of education and a history of smoking were inde-
pendently associated with concurrent use of alcohol and
Al medications [21]. A further six studies focused on
psychotropic medication users [14, 22, 25, 26, 34, 36],
four of which were identified as having a low risk of mis-
classification bias [14, 25, 26, 34]. Du et al. estimated the
prevalence of alcohol consumption among users of psy-
chotropic medications at 37.5% [14]. Similarly, Ilomaki
et al. [25] reported that 38.9% of male psychotropic
medication users, and 14.7% of their female users, con-
sumed alcohol, with 26% of male and 8.3% of female
users identified as heavy drinkers. Male psychotropic
medication users consumed greater quantities of alcohol,
and more often, than non-users. This pattern was not
observed among women [25]. Between one-third and a
half of all sedative or hypnotic users (34—54%) have been
shown to consume alcohol [20, 21, 26, 34] with between
5 and 13% drinking heavily [21, 34]. Consistent with
these findings, Ilomaki et al. [15] found that 26% of men
aged greater than 70 years who use sedatives or
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hypnotics drink heavily; heavy drinking and daily drink-
ing was significantly higher among male sedative or hyp-
notic users compared to non-users [26]. Concurrent use
of alcohol among older adults taking antidepressants
ranged between 42 and 53%, [20, 21] with 27% of male
users aged greater than 70 years reporting concurrent
use [26].

Adverse outcomes associated with concurrent use of
alcohol and alcohol interactive medications

Only four studies reported on adverse outcomes. Three
studies reported on falls, all three studies were cross-
sectional [27, 32, 35]. A study by Immonen et al. [27] of
2100 older adults in Finland found that falls and injuries
when a person has consumed alcohol in the past
12 months were more common among at risk drinkers
(>7 drinks/week, or =5 drinks drinking days or >3 drinks
several times/week) using AI medications (13.8%) com-
pared to Al medication-users who were not considered
as at risk drinkers (4.1%) (p < 0.001) [27]. In contrast to
these findings, Sheahan et al.’s [32] study of older adults
in America, which included patients in congregate care
facilities, found that although the number of psycho-
tropic drugs was associated with an increased odds of
falling, the concurrent use of alcohol and psychotropic
drugs was not. Similar non-significant associations were
reported in Wong et al’s [35] convenience sample of
older adults in the US. One study examined the associ-
ation between moderate alcohol consumption (< 40 g of
wine per day) and adverse drug reactions among older
adults at the point of admission to one of 81 acute care
hospitals in Italy [29]. Among 22,778 participants, 3.9%
were identified as having one or more adverse drug reac-
tions. Moderate alcohol consumption was associated
with a 24% increase in the odds of having an adverse
drug reaction [29].

Discussion

Overall, the results of this review suggest that between
one-in-five and one-in-three older adults are potentially
susceptible to alcohol-medication interactions, with
more than half of Al medication users reporting alcohol
consumption [20, 21, 31]. However, these estimates need
to be interpreted with caution as studies differed in
their classification of AI medications. In the absence
of an explicit list of alcohol-interactive medications,
multiple drug reference sources were used across
studies [20, 21, 27, 30, 31]. Use of different medica-
tion compendia led to a lack of consistency in the inclu-
sion of AI medications across studies and may have led to
the over or under inclusion of medications [31, 37], result-
ing in an over-or-under estimate of concurrent use. There
was however consensus with regards to CNS agents; all
studies that reported on Al medicines classified CNS
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agents as alcohol interactive, specifically psychotropic
medications [14, 18-22, 24-32, 34, 36]. Based on the
quality assessment of studies, the most reliable esti-
mates for the concurrent use of psychotropic medica-
tions and alcohol ranged between 7.4% [14] and
7.75% [20].

Despite the high prevalence of concurrent use among
older adults, no study examined longitudinal associa-
tions with adverse outcomes. Three cross-sectional stud-
ies reported on falls with mixed findings [27, 32, 35];
with one study reporting on an association between
moderate alcohol consumption and adverse drug reac-
tions among older adults at the point of admission to
hospital [29]. An evidence based list of medications
which have a significant risk of harm to older patients
when combined with alcohol would be useful in a clin-
ical setting, allowing for the identification of older adults
whose alcohol consumption places them at increased
risk and who would benefit from a preventative inter-
vention. While recent studies have shown that clinicians
rarely undertake screening and brief interventions to re-
duce alcohol consumption [38—40], flagging patients at
the point of prescribing an alcohol-interactive medica-
tion may facilitate targeted screening and interventions
to reduce harm. Brief alcohol interventions in primary
care are effective in significantly reducing weekly alcohol
consumption [41]. Additionally, educating older adults
in relation to the risks associated with concurrent use of
alcohol and medications has been shown to increase
older adults’ awareness of potential risks [42]. However,
whether this intervention results in a behaviour change
for those at risk is unclear [42].

This is the first systematic review to examine the
prevalence of concurrent use of alcohol and alcohol
interactive medications and associated adverse out-
comes in older adults. An explicit and robust method-
ology was applied to identify, critically appraise and
synthesise the study findings. However, the findings of
the review need to be interpreted in the context of the
study limitations. The risk of misclassification bias for
both alcohol and AI medications was high across many
studies, undermining internal validity. Furthermore, no
study directly measured the concurrent use of alcohol
and Al medications, rather all studies inferred concur-
rent use. Finally, heterogeneity across studies in relation
to classifying medications as alcohol interactive and in
the methods used to quantify alcohol consumption,
prevent statistical pooling of data from existing studies.
Variation in study setting and age restrictions, also
make it difficult to compare prevalence of concurrent
use across studies. Furthermore, due to the current gap
in the literature, the available evidence for this review
was restricted to three continents, Europe, North
America and Australia.
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Conclusions

While there appears to be a high propensity for alcohol-
medication interactions in community dwelling older
adults, there is a lack of consensus regarding what con-
stitutes an alcohol interactive medication. An explicit list
of alcohol interactive medications needs to be derived,
and validated prospectively to quantify the magnitude of
risk posed by the concurrent use of alcohol and alcohol
interactive medications for adverse outcomes in older
adults. This will allow for risk stratification of older
adults at the point of prescribing, and prioritise alcohol
screening and brief alcohol interventions in high-risk
groups.
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