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Abstract

Background

The prevalence of multimorbidity (the presence wb tor more long-term conditions)
rising internationally. Multimorbidity affects patits by increasing their burden
symptoms, but is also likely to increase the saleademands, or treatment burden, that
experience. Treatment burden refers to the effgperded in operationalising treatmel
navigating healthcare systems and managing refatioth healthcare providers. This is
important problem for people with chronic illnessck as stroke. Polypharmacy is
important marker of both multimorbidity and burdefritreatment. In this study, we examir]
the prevalence of multimorbidity and polypharmacya large, nationally representat
population of primary care patients with and with@troke, adjusting for age, sex g
deprivation.

Methods

A cross-sectional study of 1,424,378 participamnsdal8 years and over, from 314 prim
care practices in Scotland that were known to bmadgaphically representative of f
Scottish adult population. Data included informaten the presence of stroke and anothg
long-term conditions, plus prescriptions for regutgedications.

Results

In total, 35,690 people (2.5%) had a diagnosistrake. Of the 39 comorbidities examing
35 were significantly more common in people witfoke. Of the people with a stroke, {
proportion that had one or more additional moredipresent (94.2%) was almost twice
in the control group (48%) (odds ratio (OR) adjdster age, sex and socioeconol
deprivation 5.18; 95% confidence interval (Cl) 416%5.43). In the stroke group, 12.6% |
a record of 11 or more repeat prescriptions contpani¢h only 1.5% of the control groy
(OR adjusted for age, sex, deprivation and monpiddtunt 15.84; 95% CI| 14.86 to 16.8
Limitations include the use of data collected fiimical rather than research purposes, a

S
of
they
nts,
an
an
ed
ve
nd

ary
he
r 39

ol
he
hat
nic
nad
p
B).
ack

of consensus in the literature on the definitionceftain long-term conditions, and the

absence of statistical weighting in the measureremntultimorbidity, although the latter w
deemed suitable for descriptive analyses.

Conclusions

Multimorbidity and polypharmacy were strikingly neocommon in those with a diagnosis
stroke compared with those without. This has imgdrimplications for clinical guideline
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and the design of health services.

Background

Multimorbidity, defined as the presence of two asrmlong-term conditions, is becoming a
global challenge for policy-makers, clinicians, guatients [1-3]. Treatment advances and
increasing sub-specialisation of health service® laproved functional outcomes for those

with long-term conditions, but such changes haveulted in an increasing burden

of



treatment demands on patients, particularly thos wultimorbidity [3,4]. Treatment
burden is defined as the workload of healthcarepfdients and the impact of this on their
wellbeing [5]. It includes information gatheringttending multiple appointments, taking
medications, enacting self-care, and, in counthi@s lack a health service that is free at the
point of care, organising finances to pay for meatts [5-8]. There is a risk that patients
become overburdened by their treatments, whichntaan failure to adhere to management
plans, thus resulting in ineffective treatment arasted resources [3,9-11].

One aspect of treatment burden described abovelyplmrmacy, which can contribute to
other treatment burdens such as adverse drug ey&Bi$3]. Polypharmacy is most
commonly defined as the use of multiple (usualye for ten) prescribed medications [14—
16]. Although there is no strong evidence to supfie use of any particular threshold, the
risk of drug-related problems seems to increash egich additional medication prescribed
[17,18]. There is a known association between nurabmorbidities and polypharmacy [19—
21], with a study using routine Scottish healthorés finding that of those with two clinical
conditions, 20.8% were receiving four to nine matans, and 1.1% were receiving ten or
more medications; for patients with six or more oobidities, these values were 47.7% and
41.7%, respectively [19]. A systematic literatureview investigating the relationship
between the number of chronic conditions and heaith utilisation outcomes found that
about 60% of elderly respondents with zero or ooediion reported taking prescription
medications. This percentage went up to more thd¥ Jor those with two or three
conditions, and approached 100% for those with ntloa@ five conditions [20], supporting
the premise that those with higher numbers of domti to manage are more likely to
experience higher levels of treatment burden [3heDaspects of treatment burden such as
healthcare utilisation have also been shown tesbeaated with multimorbidity [20,22].

Stroke is a condition that can have a considerabp®ct on an individual's life. A recent
systematic review of the qualitative literature @aled that people who have had a stroke
experience four main areas of treatment burden:imgagense of stroke management and
planning care, interacting with others, enactinghagement strategies, and reflecting on
management [23]. Poor communication between patiant professionals was a common
experience, exacerbated by fragmentation of hesditvices and poor communication
between healthcare providers themselves, aspedtisalfe care likely to be exacerbated by
multimorbidity [24—26]. Surprisingly, there has bdamited exploration of multimorbidity or
polypharmacy in people with stroke, the field beamgracterised by small-scale studies and a
small number of conditions under examination [1935]. Those studies that have examined
stroke in relation to other long-term conditionsvéasuggested that stroke is one of the
diseases most significantly associated with polyplaay [19,33], but there is a lack of large-
scale studies examining a broad range of medicatod comorbidities.

In the current study, using a large, nationallyrespntative cross-sectional primary care
dataset, we examined the prevalence of multimdsbahd polypharmacy in people with and
without stroke.



Methods

Study design and participants

This was a cross-sectional study based on a ndltioearesentative dataset managed by the
Primary Care Clinical Informatics Unit at the Unisity of Aberdeen in Scotland. This fully
anonymised dataset contains clinical data on aliplgethat were alive and permanently
registered with 314 primary care practices in Sewtl on 31 March 2007. Comprising
approximately one-third of the Scottish adult papioin, this sample has been shown to be
representative of this population [37]. In the Ulegistration with a medical practice is
required for an individual to access National HeaBervice (NHS) healthcare in the
community. It is estimated that over 98% of the ylapon are registered with a medical
practice [38], which systematically records infotima on each patient in an electronic
medical record, for the purposes of registratiod anbsequent everyday medical care. We
examined data extracted from medical records arithted for a previous study of
multimorbidity that had examined the presence ofyfeonditions [1]. The NHS National
Research Ethics Service approved the use of treadar research purposes. Patient consent
was not deemed necessary due to full anonymisefitdre data.

Data collected and disease definition

The data examined consisted of the following vdeisbsex, age, socioeconomic deprivation
(measured from patients’ postcodes using the Gesssgore [39]), counts of regularly
prescribed medications and the presence of 40tlemg-conditions, including stroke.

There is no ‘gold standard’ method for the measergnof multimorbidity, therefore the
forty long-term conditions included had been chosem defined based on a recent
systematic review [40] and expert consensus [l]stixy definitions for each long-term
condition were used if possible, mainly those usethe Quality and Outcomes Framework
(QOF) or by NHS Scotland [1,41,42]. If no standdedinition was available, or there was
concern about under-recording, then conditions wiefened by the clinical members of the
research team. For example, depression was dedséae presence of a QOF Read Code in
the past year or receipt of four or more presaimifor antidepressant drugs (excluding low-
dose tricyclics, which are usually used for chrgpédn) in the past year [1]. The definitions
of all morbidities examined are given in suppleragntmaterial (see Additional file 1).
Comorbidity was measured using a count of long-teonditions [43], with morbidities
being noted as either mental health or physicalbmdies. The original analysis measured
the presence of a combined group of stroke or isahsschaemic attack (TIA), but for the
purposes of this analysis, the presence of striakeeavas defined using the QOF Business
Rules code set [41], and TIA was ignored.

As there are no standard definitions of regularhgspribed treatments or measure of
polypharmacy, we utilised a count of current regpl@scriptions, including tablets, inhalers,
stoma care and topical therapies [17,18]. Regul@pdat’) prescriptions are clearly

distinguished in UK general practice electronic moaldrecords from one-off (‘acute’)

prescriptions such as those for most antibiotics.tke purposes of this analysis, any regular
prescription that was still active (that is, avhit for issue on request) on the date of
extraction and that had been prescribed in the§hshys was counted as current. This time



frame was selected as this was the maximum lerfgahr@peat prescription in Scotland at the
time of data collection.

Statistical analysis

Analyses were predicated on a comparison of theachkexistics of people with stroke (cases)
and those without stroke (controls). First, the bhams of morbidities and prescribed
medications in stroke cases and controls were lediéxl) and proportions within each group
computed. Second, logistic regression, which predu®@Rs, was used to summarise the
relationship between stroke and the presence obduadities and prescribed medications.
ORs were initially unadjusted — for the purposesaiparison — then adjusted for the key
confounding factors of age, sex and socioeconorefridation. Age and deprivation were
used as continuous variables. Deprivation was nmedsusing the Carstairs score, which is
widely used in health research. The Carstairs sisolmsed on four census indicators: low
social class, lack of car ownership, overcrowding anale unemployment. The scores have
been described as a measure that reflects accébede goods and services, resources and
amenities and of a physical environment which argtamary in society’ [39]. The scores
therefore cannot be described as a measure of }tenteof an individual's material
wellbeing, but are rather a summary measure appiggbpulations contained within small
geographic localities. Further adjustment for numloé morbidities was made when
polypharmacy was the characteristic of interest.so&gtions between numbers of
morbidities and prescriptions were assessed ugpegrgan correlation coefficients. For the
purposes of this analysis,Ra< 0.05 was deemed statistically significant. Alalyses were
carried out using IBM Statistical Package for tleei8l Sciences (SPSS) Statistics software
(V21).

Results

The analyses were based on 1,424,378 individuak, 949 women) aged 18 years and over
who were registered with a general practitioner.tdtal, 35,690 people (2.5%) had a
diagnosis of stroke. As anticipated, the mean dgpeople in the stroke group (72.68 *

12.21) was higher than that of the controls 47.361293). For the demographic

characteristics for each group, see AdditionalZile

Comorbidities

Table 1 shows the number and percent of total ks, physical morbidities and mental
health morbidities in the stroke and control grquadeng with ORs for stroke in relation to
these variables. Multimorbidity was common in s&oéf the study members with stroke, the
percentage that had one or more additional moregjiresent (94.2%) was almost twice that
in the control group (48%) (OR adjusted for age;, @ed deprivation 5.18; 95% CI 4.95 to
5.43). Disaggregating the data into type of motpidevealed that physical morbidity was
markedly more common in people with stroke (adjdisdR 4.50; 95% CI 4.31 to 4.68), and
mental health morbidity was also more common batrélationship was less strong (adjusted
OR 2.10; 95% CI 2.05 to 2.15). In terms of assessihether these differences exist across
different age groups, a sub-analysis for age gr@3p<4 years and 75+ years was performed
(see Additional file 3). This indicated that diféeices were larger for the younger age group,
and increased with the number of conditions (a lampicture was found for number of
repeat prescriptions). However, the skewed didfibbuof stroke prevalence towards the



oldest age groups make any assessment of diffeydrycage problematic, owing to the small
sample sizes in the youngest age groups.

Table 1 Stroke status and number of morbidities (N = 1,42878)

Stroke N (%)

No stroke (%)

35690 (100)

1388688 (100)

Unadjusted OR (9%% CI) ?

Age, gender and deprivation
adjusted OR (996 Cl) 2

Total number of morbiditiés

None 2053 (5.8) 721430 (52.0) 1 1

One-three 17750 (49.7) 551295 (39.7) 11.31 (10.81 to 11.85) 4.35 ¢4 155)
Fout-six 12300 (34.5 100500 (7.2 43.01(41.03 to 45.0¢ 8.59 (8.17 to 9.0«
Seven or more 3587 (10.1) 15463 (1.1) 81.52 (77.04 to 86.26) 12.81 283%1)
Number of physical morbiditi®

None 2769 (7.8) 800202 (57.6) 1 1

One-three 20716 (58.0) 510846 (36.8) 11.72 (11.26 to 12.20) 4.03¢31880)
Four-six 10414 (29.2) 70709 (5.1) 42.56 (40.79 to 44.41) 7.32(6.99tp 7.67
Seven or more 1791 (5.0) 6931 (0.5) 74.68 (70.05 to 79.61) 10.33¢916405)

Number of mental morbiditis

None 21961 (61.5) 1163095 (83.8) 1 1
One-three 13533 (37.¢ 223739 (161  3.20 (3.1310 3.2 2.08 (2.04 to 2.1:
Four or more 196 (0.5) 1854 (0.1) 5.60 (4.83 to 6.49) 3.56 (3.020)

@all p <0.001.
® excluding stroke.

The ten most frequent comorbidities present in fgeapth a diagnosis of stroke were:

hypertension (60.9%), coronary heart disease (20.p&nful condition (21.9%), depression
(20.7%), diabetes (18.8%), chronic kidney diseaks&300), constipation (13.8%), atrial

fibrillation (13.0%), thyroid disorders (11.9 %)na chronic obstructive pulmonary disease
(11.9%). Prevalences of all morbidities are shomwsupplementary material (see Additional
files 4 and 5).

Figure 1 displays the ORs (adjusted for age, seixd@privation) for stroke in relation to the
thrity one physical morbidities examined. The sepmntary material (see Additional file 4)
elaborates on this by showing both the unadjustet ajusted ORs along with the crude
prevalence of all physical morbidities in the s&@nd control groups. In all, twenty eight of
the thirty one physical morbidities examined weigniicantly more common in the stroke
group, this was twenty seven after adjustment éwemtial confounding factors. For instance,
epilepsy (adjusted OR 4.43; 95% CI 4.14 to 4.7¢pehtension (adjusted OR 2.67; 95% CI
2.61 to 2.73), peripheral vascular disease (adju€® 2.47; 95% CIl 2.37 to 2.58), AF
(adjusted OR 2.44; 95% CI 2.36 to 2.53) and CHDOu&tdd OR 2.06; 95% CI 2.01 to 2.11)
were all more common in people experiencing a cexascular disease event. By contrast,
dyspepsia was markedly less common in the straepg(adjusted OR 0.63; 95% CI 0.60 to
0.66). Figure 2 shows the ORs (adjusted for ageard deprivation) for stroke in relation to
eight mental health morbidities. The unadjusted adpisted ORs, along with the crude
prevalence of all mental health morbidities in sti@ke and stroke-free groups, are shown in
supplementary material (see Additional file 5). &H, six of the eight mental health
morbidities examined were significantly more comniorthe stroke group, and following
adjustments, all eight mental health morbiditiesrevsignificantly more common. These
included drug and medication use problems (adju€d&d 2.34; 95% CI 2.25 to 2.43),
depression (adjusted OR 2.09; 95% CI 2.03 to 2.d46phol problems (adjusted OR 2.05;
95% CI 1.96 to 2.15) and anxiety and stress (aelfuSIR 1.61; 95% CI 1.55 to 1.66).



Figure 1 Odds ratios (with 98% CI) for physical morbidities in relation to stroke status
(adjusted for age, sex, and deprivation)The stroke group comprised 35,690 people, and
the stroke-free group comprised 1,388,688 people.

Figure 2 Odds ratios (with 9946 CI) for mental health morbidities in relation to stroke
status (adjusted for age, sex, and deprivation)'he stroke group comprised 35,690 people,
and the stroke-free group comprised 1,388,688 peopl

Regular prescriptions

As anticipated, the number of regular prescriptivas significantly correlated with number
of morbidities in the stroke (Spearmamp's= 0.58P < 0.001) and control (Spearmarps=
0.75P < 0.001) groups. Table 2 shows the number of tepesscriptions in the stroke and
control groups, and the ORs. Those with stroke wewee likely than the controls to be on a
repeat prescription (adjusted OR 4.53; 95% CI 4a33.74). In the stroke group, 12.6% had
eleven or more repeat prescriptions compared witly @.5% of the control group (OR
adjusted for age, sex, deprivation and morbidiiyntd 5.84; 95% CI| 14.86 to 16.88).

Table 2 Stroke status and number of repeat medications (N %,424,378)

Stroke N (%) No stroke N (%) Unadjusted OR (9% CI) ? Age, gender and deprivation ~ Age, gender, deprivation and morbidity

35690 (100) 1388688 (100) adjusted OR (9894 Cl) @ count adjusted OR (986 ClI) #

Number of medications
None 2447 (6.9%) 863688 (62.2%) 1 1 1
One-two 3038 (8.5%) 240721 (17.3%) _ 4.45 (4.22 1O 2.38 (2.26 t0 2.52) 2.29 (2.17 to 2.42)
Three-four 6566 (18.4%) 122518 (8.8%)  18.92 (18:059.82) 6.25 (5.95 t0 6.57) 5.78 (5.49 to 6.08)
Five-six 8185 (22.9%) 75512 (5.4%) 38.26 (36.58005) 10.50 (9.99 to 11.03) 9.36 (8.89 to 9.86)
Seven-eight 6721 (18.8%) 43344 (3.1%) 54.73 (5RAY.38) 13.90 (13.20 to 14.63) 11.94 (11.29 t62p
Nine-ten 4219 (11.8%) 22536 (1.6%) 66.08 (62.769657) 16.22 (15.34 t017.15) 13.44 (12.65 to 14.29)
Eleven or more 4514(12.6%) 20369 (1.5%) 78.22 @50B2.32) 20.13 (19.05 to 21.27) 15.84 (14.86a:88)

%all p < 0.001.

Discussion

Summary of findings and implications

Analyses of a large, nationally representative danop people in Scotland, a country with
universal healthcare, showed that multimorbiditg golypharmacy were more common in
people with a diagnosis of stroke. These findings @nsistent with our knowledge that
those with stroke are an elderly population withsiderable cardiovascular disease risk [44],
for whom effective treatments are increasingly ke to alleviate symptoms and address
underlying causal factors [45]. Diagnoses of mdsbric conditions were more common in
the stroke group, and this remained the case adjeiIstment for age, sex and deprivation. In
our preliminary analyses (see Additional file 2pthb age and deprivation were associated
with stroke in the expected directions. This giueonfidence in the novel results presented
herein.

Polypharmacy represents only one aspect of treatmeden, but is directly measurable, and
may be a proxy measure of wider aspects of burd@l8]. Multimorbidity is likely to

increase treatment burden in several ways. Fissths study and others have shown, the
number of medications increases with number of itmmd [20,21]. Second, treatments may
interact, leading to side effects [5,7,46] and thés the potential to further increase the



volume of work; for example, as new treatments given to compensate for interactions
[47]. Third, multimorbidity is likely to increaseehlthcare contacts and affect the capacity of
the individual to follow therapeutic regimens [48fr example, those with stroke and
comorbid arthritis may find physiotherapy sessiansre challenging [49,50]. Fourth,
multimorbid patients who become overburdened, feangple by complex medication
regimens, may be less likely to adhere to therapezsling to poor disease control and a
further escalation of treatments by health profesas, further increasing treatment burden
[3,9,51]. While many pharmacological therapies nbaybeneficial for those with stroke, a
key question is whether people with stroke haveariatbrmed decisions regarding whether
or not to take so many medications, given their esbdoenefits. Although perceived
treatment burden and capacity to cope with anyrgtveatment burden will vary, we would
recommend that patients with stroke are made awofatke relative benefits of their drugs,
and are empowered to make their own decision whévhake them.

Acknowledging and addressing treatment burden iokst particularly for those with
multimorbidity, may improve the patient experien@herence to therapies, and health
outcomes [48]. Minimising unnecessary treatmentgroving co-coordination of services
and making care more patient-centred [23] are Vikel lessen treatment burden, but will
necessitate changes from policy level down to tiggvidual consultation [3,48,52,53]. Most
stroke management guidelines fail to mention mutinidity, or merely acknowledge the
more common comorbidities briefly with a lack ofptical advice for clinicians [45,54-57].
We found only one stroke guideline that acknowlette issue of polypharmacy, and again,
detailed practical help was lacking [56]. This isduas been gaining prominence [58,59].
Guidelines should be redesigned to take accoumboforbidity and treatment burden; for
example, by providing guidance on potential intéogs from drug combinations commonly
prescribed for those with stroke and multimorbidiyd how to deal with the possible side
effects or interactions that may arise [47]. In therent study, 21.9% of people with stroke
had a painful condition, 20.7% had depression &% had atrial fibrillation, increasing
the risk of being prescribed non-steroidal antaimfmatory drugs (NSAIDs), anti-
depressants, anti-platelet therapies and anti-¢aaguconcomitantly, which increases risk of
adverse events, such as bleeding. Care pathwaysdshe structured around the patient
themselves, rather than the individual conditiomsing a more generalist approach that
considers issues such as multimorbidity as welthas individual’'s support network and
financial resources [9,60,61].

Strengths and limitations

This analysis was undertaken using data from a/argtionally representative, primary care
sample, and as far as we are aware, this is tke dtudy on such a scale to examine
multimorbidity and polypharmacy in stroke. This gdenis representative of the Scottish
population [37]; however, it may not reflect expeige in other countries and healthcare
systems. The prevalence of stroke in this sampke similar to that shown in other studies
[44,62], further validating the data; however, ttata were collected for clinical rather than
research purposes. No standard methods for megsuoruitimorbidity or polypharmacy
exist, therefore a pragmatic approach was taken. aX@mined thirty nine long-term
conditions, which is substantially more than inyiwes studies. The rationale for including
the conditions examined and the rules for identdyihe presence of each were described in
detail by the team who previously collated the dajaln addition, any medications bought
over the counter or given from secondary care wetencluded. However, at the time of the
analysis, prescriptions to people over sixty fieass of age and to many people with chronic



conditions were all free, with others being able cp their out-of-pocket costs, thus
suggesting a financial incentive to obtain medaratiia the primary care practice.

As this is a cross-sectional study, the data wes lveere taken from one particular point in
time, and therefore no conclusions about tempgralitcausation can be made. The measure
of comorbidity was unweighted, as the aim was todescriptive rather than to assess
outcomes. This was deemed to be the most apprepneathod, and is similar to that used by
others investigating the prevalence of multimortyidii], but could be viewed as a limitation,
especially as there may be a qualitative differdreteveen the effects on perceived treatment
burden of long-term conditions that produce regshmptoms (for example, heart failure)
and those that are asymptomatic (for example, tgpsion). We have no information about
stroke severity, which is also a potential limiati It should also be noted that due to the
nature of the study, multiple analyses were camigid Thus, the large numbers of cases and
controls assessed in this study may have identdf@de associations that were statistically
significant but not necessarily clinically signdiat; for example, for conditions such as
cancer, glaucoma and asthma, which had ORs bettv@8nand 1.10 but were statistically
significant withP < 0.001.

Lastly, to explore treatment burden in stroke, teiady examined multimorbidity and

polypharmacy, however there are many more aspectgeatment burden still to be

examined, such as clinic visits, continuity, cooedion of care, and financial burden of
therapies. The development of a patient-reportedsome would enable a more detailed
examination of treatment burden in stroke frompghgent perspective.

Conclusion

In this study, we found that multimorbidity and yatharmacy were strikingly more common
in those with stroke than those without. Polyphaiynean be thought of as a direct measure
of one aspect of treatment burden, and we wouldestghat people with stroke should be
made aware of the relative benefits of their drsgshey can make informed decisions about
therapeutic regimens. Both polypharmacy and multmaity are likely to be proxy markers
for other aspects of treatment burden, as pati@es the demands of managing multiple
medications and conditions simultaneously. Clinigaidelines for stroke need to place
greater emphasis on the management of multimoybidind further investigation of
treatment burden in stroke is required to inforahesdgn of health services to improve patient
outcomes.
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