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ABSTRACT
Objectives Assess the longitudinal association between 
polypharmacy and falls and examine the differences in 
this association by different thresholds for polypharmacy 
definitions in a nationally representative sample of adults 
aged over 60 years from England.
Design Longitudinal cohort study.
Setting The English Longitudinal Study of Ageing waves 
6 and 7.
Participants 5213 adults aged 60 or older.
Main outcome measures Rates, incidence rate ratio 
(IRR) and 95% CI for falls in people with and without 
polypharmacy.
Results A total of 5213 participants contributed 10 502 
person-years of follow-up, with a median follow-up of 
2.02 years (IQR 1.9–2.1 years). Of the 1611 participants 
with polypharmacy, 569 reported at least one fall within 
the past 2 years (rate: 175 per 1000 person-years, 
95% CI 161 to 190), and of the 3602 participants without 
polypharmacy 875 reported at least one fall (rate: 121 per 
1000 person-years, 95% CI 113 to 129). The rate of falls 
was 21% higher in people with polypharmacy compared 
with people without polypharmacy (adjusted IRR 1.21, 
95% CI 1.11 to 1.31). Using ≥4 drugs threshold the rate 
of falls was 18% higher in people with polypharmacy 
compared with people without (adjusted IRR 1.18, 
95% CI 1.08 to 1.28), whereas using ≥10 drugs threshold 
polypharmacy was associated with a 50% higher rate of 
falls (adjusted IRR 1.50, 95% CI 1.34 to 1.67).
Conclusions We found almost one-third of the total 
population using five or more drugs, which was 
significantly associated with 21% increased rate of falls 
over a 2-year period. Further exploration of the effects of 
these complex drug combinations in the real world with 
a detailed standardised assessment of polypharmacy is 
greatly required along with pragmatic studies in primary 
care, which will help inform whether the threshold for a 
detailed medication review should be lowered.

InTRODuCTIOn
With the changing demographics and an 
increase in the older population in the last 
few decades, multimorbidity has become an 
important public health issue globally. The 
rising prevalence of multimorbidity1 leads 
to the application of multiple disease-spe-
cific guidelines and targeting disease-specific 

goals. This consequently results in high treat-
ment burden and polypharmacy (defined as 
the chronic coprescription of multiple drugs). 
According to the Prescribing Cost Analysis in 
England, the total number of items dispensed 
in England in the year 2015 was 1.08 billion, 
which corresponds to ~19.9 medications per 
patient2 compared with 962 million in 2011 
(~18.3 medications per patient).3 Polyphar-
macy has been associated with an increased 
risk of hospitalisation,4 functional decline,5 
cognitive impairment,6 7 non-adherence,8 
adverse drug reactions9 and drug–drug inter-
actions10 11 (ie, escalation or suppression 
of the effects of a drug in the presence of 
another drug), which further escalate the risk 
of hospitalisation.12

Falls can cause serious injuries and are 
associated with considerable morbidity and 
mortality, especially in the elderly. It has been 
estimated that 5% of falls result in fractures, 
and fall-induced injuries are the fifth leading 
cause of death in elderly adults, accounting 
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Strengths and limitations of this study

 ► To our knowledge this is one of the largest 
population-based longitudinal studies to assess 
the association between polypharmacy and falls in 
England, including over 5000 participants.

 ► Data collected on medication use were self-reported 
and the nurse interviewers were asked to see the 
containers for all the medications being taken as an 
added check to verify the medications; therefore, the 
assessment of drug use was robust and more likely 
to capture patients’ actual medication use than 
prescribing or dispensing data.

 ► Data on falls were collected through retrospective 
self-reports; therefore, there may be some 
misclassification in the reporting of falls in the study.

 ► We used longitudinal data to minimise the potential 
for reverse causality and adjusted for multimorbidity 
to minimise confounding-by-indication; however, 
the potential of residual confounding cannot be 
completely eliminated.
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for over 80% of injury-related admissions to hospital of 
people older than 65 years13 and costing the National 
Health Service (NHS) and social care around £6 million 
per day or £2.3 billion per year.14 Data from the USA report 
the costs to be about $20 billion.15 Previous studies have 
predominantly found an association between polyphar-
macy and falls,16–22 with some studies reporting no associ-
ation.23–26 Most of these studies have mainly been limited 
by the small sample sizes,19 21 22 25 selective study popu-
lations,19 26 inadequate adjustments for confounders18 or 
cross-sectional analyses, making them subject to reverse 
causation.18 Furthermore, there is no standardised defini-
tion of polypharmacy, making it difficult to interpret the 
results and translate these into clinical guidelines. The 
new guidelines on the management of multimorbidity 
by the National Institute for Health and Care Excellence 
have made some recommendations to tackle polyphar-
macy; however, these guidelines mainly focus on patients 
with 10–14 prescribed medications.27 Nevertheless, risks 
for adverse events like falls may be high even in patients 
prescribed lower than 10 drugs.16 Therefore, we aimed 
to assess the association between polypharmacy and falls 
within 2 years of polypharmacy, in a nationally represen-
tative sample of older adults from England, and examine 
the differences in this association by different thresholds 
for polypharmacy definitions.

MeThODS
Data source and study population
The English Longitudinal Study of Ageing (ELSA) is an 
ongoing study of a nationally representative sample of 
the English population aged ≥50 years. Participants were 
recruited from households that were included in the 
Health Survey for England in 1998, 1999 and 2001, and 
then followed up every 2 years with detailed health exam-
inations through nurse visits taking place every 4 years.28 
ELSA has been shown to be broadly representative of the 
English population in terms of sociodemographics.28 In 
order to maintain the representation of people between 
50 and 53 years, refreshment samples were added at 
waves 3, 4 and 6. The total number of core members 
interviewed at wave 6 was 9169.29 Ethical approval for 
ELSA was obtained from NHS Research Ethics Commit-
tees under the National Research and Ethics Service, and 
participants gave full informed written consent for partic-
ipation.30 The study population included all core ELSA 
participants from wave 6 (2012/2013) aged ≥60 years, 
included in the nurse visit (as drug and polypharmacy 
information was only collected in wave 6, as part of the 
nurse assessment and data on falls were only collected in 
people over the age of 60) and follow-up data available in 
wave 7 (2015/2016).

exposure
During the nurse visit at wave 6, respondents were asked 
to name all the drugs (including syrups, pills, oint-
ments, puffs) prescribed to them by a nurse or a doctor. 

Participants with cognitive or physical impairments were 
eligible for a proxy interview, to ensure optimal accuracy 
of the information. For each medication participants were 
asked if they have taken it in the last 7 days. The name of 
each medication was recorded by the nurse and a code 
was attributed to the medication according to the British 
National Formulary (BNF) V.61, the pharmaceutical 
reference book in the UK with information and indica-
tions, doses, interactions, contraindications and so on for 
drugs, with a specific chapter on drugs related to various 
systems in the body, for example central nervous system, 
cardiovascular and so on.31 To verify self-reported medi-
cation use, the nurse interviewers checked the containers 
for all medications reported.32 Codes were recorded in 
a six-digit format reflecting three levels of classification 
in the BNF, using a leading zero where appropriate (eg, 
drug in BNF section 10.1.1 coded as 100101).29 Devices 
that do not actually deliver drugs (such as blood glucose 
monitoring equipment), dressings, stoma, or urinary 
catheter-related products and vaccines were excluded. In 
light of a lack of any standard definition of polypharmacy, 
we used various cut-offs previously used to define poly-
pharmacy (from ≥4 to ≥10 drugs).33

Outcome
During the interview in wave 7, participants were asked 
if they had fallen down in the last 2 years, and if yes, then 
the number of times they had fallen down. People who 
reported more than 50 falls in 2 years were excluded.

Other covariates
We also extracted data on other sociodemographic, life-
style and medical covariates, recorded at wave 6, that may 
potentially confound the associations between polyphar-
macy and falls. These included age, sex, ethnicity (white, 
non-white and missing), total non-pension net wealth in 
quintile as a proxy measurement of socioeconomic status, 
lifestyle factors including smoking (smoker, non-smoker), 
excess alcohol consumption (defined as ≥4 alcohol units/
day for men and ≥3 alcohol units/day for women), body 
mass index (measured at the nurse visit and catego-
rised as underweight (<18.5 kg/m2), normal (≥18.5 kg/
m2–24.9 kg/m2), overweight (≥25.0 kg/m2–29.9 kg/m2), 
obese (≥30 kg/m2) and missing), walking speed (as a 
proxy measure of physical disability) and multimorbidity 
(defined as two or more conditions of the 18 conditions 
recorded in ELSA, including diabetes, hypertension, 
stroke, myocardial infarction, congestive heart failure, 
angina, lung disease, chronic obstructive pulmonary 
disease, asthma, arthritis, osteoporosis, cancer, hearing 
problems, Parkinson’s, Alzheimer’s disease, dementia, 
macular degeneration and glaucoma).34

Statistical analysis
We first summarised the population characteristics using 
means (SD), median (IQR) and proportions by whether 
the participants had reported a fall in the subsequent 
wave. We calculated the rate of falls by polypharmacy and 
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Figure 1 Proportion of participants by number of drugs.

calculated incidence rate ratio (IRR) with 95% CIs using 
Poisson regression and adjusting for participant charac-
teristics including age, sex, ethnicity, wealth quintiles, 
walking speed, smoking status, excess alcohol consump-
tion and multimorbidity. We tested for interaction by 
patient characteristics including age, sex and walking 
speed. We then changed the definition of polypharmacy 
using various thresholds from ≥4 drugs to ≥10 drugs and 
recalculated the rate of falls and the IRR (95% CI) using 
the same methods as above. All analyses were conducted 
in Stata V.13 MP.

Patient involvement
This study used freely available secondary data (ELSA), 
and no direct patient involvement or engagement took 
place as part of the study.

ReSulTS
A total of 5213 participants provided data in both waves 
6 and 7 with information on polypharmacy and falls. 
The median age of the participants was 69 years (IQR 
64–76), with 2888 (55%) being female and 5090 (97.6%) 
being white. Approximately one-third of the participants 
belonged to the two poorest quintiles of non-pension 
wealth. A total of 2444 (46.9%) participants had multi-
morbidity, with 494 (9.5%) being smokers and 1509 
(28.9%) participants drinking alcohol above the national 
recommended limit. Of the total study population, 2147 
(41.2%) were overweight and 1563 (30%) were obese.

A total of 1053 (20.2%) participants used no drugs, 685 
(13.1%) used a single drug, 693 (13.3%) used two drugs, 
while 279 (5.3%) used 10 or more drugs (figure 1). 
Of the 4160 participants using one or more drugs, the 
most common drug classes were cardiovascular (75.0%), 
central nervous system (34.9%) and gastroenterology 
(32.5%), followed by endocrine (29.6%) and respira-
tory (18.2%) drugs. Participants with polypharmacy (≥5 
drugs) were slightly older than participants without poly-
pharmacy (median age: 73 years, IQR 67–78 years; and 
median age: 68 years, IQR 64–74 years, respectively). The 
proportion of women and white participants was very 
similar in both groups. Of the people with polypharmacy, 
10.9% smoked compared with 8.8% of people without 

polypharmacy; however, the proportion of participants 
consuming excess alcohol was lower in the polyphar-
macy group compared with the group without polyphar-
macy; 82.1% of the people in the polypharmacy group 
had multimorbidity compared with 31.1% in the group 
without. There was a higher proportion of obesity in 
the polypharmacy group compared with people without 
polypharmacy (41% vs 25%). There was also a gradient 
by socioeconomic status such that 22.3% of participants 
in the polypharmacy group belonged to the poorest 
quintile compared with 10.9% in the group without poly-
pharmacy. A similar gradient was seen in walking speed, 
with 38.2% participants in the polypharmacy group in 
the slowest quartile compared with 16.2% in the group 
without polypharmacy (table 1). A total of 13.4% partic-
ipants in the polypharmacy group has missing data on 
walking pace compared with 5.4% in the group without 
polypharmacy.

A total of 5213 participants contributed 10 502 person-
years of follow-up, with a median follow-up of 2.02 years 
(IQR 1.9–2.1 years). Of the 1611 participants with poly-
pharmacy, 569 (35.3%) reported at least one fall within 
the past 2 years, and of the 3602 participants without 
polypharmacy 875 (24.3%) reported at least one fall 
within the past 2 years. In people with polypharmacy the 
rate of falls was 175 per 1000 person-years (95% CI 161 
to 190 per 1000 person-years) compared with 121 per 
1000 person-years (95% CI 113 to 129 per 1000 person-
years) in people without polypharmacy. The unadjusted 
IRR for fall in people with polypharmacy compared with 
people without polypharmacy was 1.96 (95% CI 1.83 to 
2.10). After adjusting for sociodemographic, medical 
and lifestyle factors, the rate of falls was 21% higher 
in people with polypharmacy compared with people 
without polypharmacy (IRR 1.21, 95% CI 1.11 to 1.31) 
(figure 2). There was no significant interaction by age 
(p=0.296) and sex (0.260); however, there was a signif-
icant interaction by walking speed (p<0.001) such that 
in people with the fastest and the slowest walking speed 
quartile there was no statistically significant association 
between polypharmacy and falls (IRR 0.99, 95% CI 0.75 
to 1.30; and IRR 1.00, 95% CI 0.88 to 1.13, respectively); 
however, there was around a 30% increase in the rate 
of falls associated with polypharmacy in the two middle 
quartiles of walking (IRR 1.31, 95% CI 1.03 to 1.66; and 
IRR 1.29, 95% CI 1.06 to 1.56, respectively). In people 
with missing walking pace, polypharmacy was associated 
with 90% increased risk of falls (IRR 1.90, 95% CI 1.54 to 
2.36) (figure 3).

When using different thresholds to define polyphar-
macy, we found that using ≥4 drugs threshold and 
adjusting for sociodemographic, medical and lifestyle 
factors, the rate of falls was 18% higher in people with 
polypharmacy compared with people without (IRR 1.18, 
95% CI 1.08 to 1.28), whereas using ≥10 drugs threshold 
polypharmacy was associated with a 50% higher rate of 
falls (IRR 1.50, 95% CI 1.34 to 1.67) (figure 2).

group.bmj.com on March 12, 2018 - Published by http://bmjopen.bmj.com/Downloaded from 

http://bmjopen.bmj.com/
http://group.bmj.com


4 Dhalwani NN, et al. BMJ Open 2017;7:e016358. doi:10.1136/bmjopen-2017-016358

Open Access 

Table 1 Characteristics of the study population with and without polypharmacy

Total 
population No polypharmacy, n=3602 Polypharmacy,* n=1611

n=5213 n % n %

Age group (years)

  60–64 1362 1122 31.1 240 14.9

  65–69 1325 994 27.6 331 20.5

  70–74 991 651 18.1 340 21.1

  75–79 877 493 13.7 384 23.8

  80–84 405 209 5.8 196 12.2

  85–89 184 103 2.9 81 5.0

  90+ 69 30 0.8 39 2.4

Sex

  Male 2325 1601 44.4 724 44.9

  Female 2888 2001 55.6 887 55.1

Ethnicity

  White 5090 3531 98 1559 96.8

  Non-white 123 71 2 52 3.2

Quintiles of non-pension wealth

  Quintile 1 (poorest) 750 391 10.9 359 22.3

  Quintile 2 852 525 14.6 327 20.3

  Quintile 3 1143 789 21.9 354 22

  Quintile 4 1184 851 23.6 333 20.7

  Quintile 5 1199 976 27.1 223 13.8

  Missing 85 70 1.9 15 0.9

Multimorbidity 2444 1121 31.1 1323 82.1

Excess alcohol 1509 1128 31.3 381 23.6

Smoking 494 318 8.8 176 10.9

Body mass index (kg/m2)

  Underweight (<18.5) 39 32 0.9 7 0.4

  Normal (18.5–24.9) 1262 989 27.5 273 16.9

  Overweight (25–29.9) 2147 1580 43.9 567 35.2

  Obese (≥30) 1563 902 25 661 41

  Unknown 202 99 2.7 103 6.4

Walking speed

  Quartile 1 (fastest) 1211 1033 28.7 178 11

  Quartile 2 1190 946 26.3 244 15.1

  Quartile 3 1201 844 23.4 357 22.2

  Quartile 4 (slowest) 1201 585 16.2 616 38.2

  Missing 410 194 5.4 216 13.4

*≥5 drugs.

DISCuSSIOn
Principal findings
In this large, prospective, population-based cohort of older 
English population, we found the prevalence of polyphar-
macy to be 30.9% and 21% higher rate of falls in people with 
polypharmacy (IRR 1.21, 95% CI 1.11 to 1.31). The rate of 
falls in people with polypharmacy was still 18% higher when 

using a lower threshold (≥4 drugs) (IRR 1.18, 1.08–1.28) 
and was 50% higher compared with people without poly-
pharmacy, when using a threshold of ≥10 drugs.

Comparison to current literature
Comparisons with other studies are challenging due to 
method of assessment (self-reported vs administrative 
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Figure 2 Rates and rate ratios for falls comparing people with and without polypharmacy, using different definitions of 
polypharmacy. IRR, incidence rate ratio.

Figure 3 Rate ratio (95% CI) for falls in association with polypharmacy by each category of walking speed. IRR, incidence rate 
ratio.

data), baseline populations (all adults vs over 65s vs over 
80s), definition of polypharmacy and study settings (care 
homes vs hospitals vs community). This is further compli-
cated by the differences in demographic compositions 

of different countries and the healthcare systems. For 
example, a study based on the Irish pharmacy claims data 
in individuals over 65 years of age found the prevalence 
of polypharmacy (≥5 drugs) to be 60.4% in 2012, which 
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was almost double the prevalence in our study.35 A poten-
tial explanation for this difference on top of the slightly 
different age cut-off could be that individuals from less 
affluent socioeconomic groups, female and younger and 
older populations were slightly over-represented in this 
study, slightly inflating the overall prevalence of polyphar-
macy. In contrast, data from the Belgian Health Interview 
Survey from 2008 found the prevalence of polypharmacy 
(≥9 drugs) to be 33%.36 A study from Tayside, Scotland, 
using a similar population, found the prevalence of poly-
pharmacy (≥5 drugs) to be 20.5% in 2010, which is still 
10% lower than what we found in our study.37 Our esti-
mates are inevitably higher as they included all adults over 
20 years of age, whereas our estimates are only based on 
people over the age of 60.

In our study, 35.3% of participants with polypharmacy 
reported a fall within 2 years. Results from the Rotterdam 
study show the prevalence of falls to be 16.5%, which is 
a lot lower than our estimate.17 However, 37% of their 
study population was younger than 65 years, and the 
window to assess falls was 1 year compared with 2 years in 
our study, which may explain the difference in the abso-
lute risk. Nevertheless, the increase in falls by age was 
consistent with our study. We found the rate of falls to be 
21% higher in people with polypharmacy. This is slightly 
lower than the results of a cross-sectional analysis from 
the Stockholm Public Health Cohort, which found the 
odds of a fall injury in people taking five or more drugs 
to be 53% higher than in people taking no drugs (OR 
1.53, 95% CI 1.06 to 2.21).20 This could potentially be due 
to the slightly older population in the Swedish cohort 
and slightly different outcome definition (fall injuries 
resulting in hospitalisation vs self-reported falls). A recent 
longitudinal study using The Irish Longitudinal Study of 
Ageing, including people ≥50, found a non-significant 
10% increase in the rate of falls in people with polyphar-
macy compared with people without polypharmacy (RR 
1.10, 95% CI 0.93, 1.30); however, this could be due to the 
slightly wider age group, compared with our study. Never-
theless, when polypharmacy included an antidepressant 
drug, the rate of falls was 28% higher in people with poly-
pharmacy compared with people without polypharmacy 
(1.28, 95% CI 1.06 to 1.54).

We found a significant interaction by walking speed 
in the association between polypharmacy and falls 
such that people in the fastest and slowest walking 
speed quartiles did not have a significant association 
between polypharmacy and falls. This may mean that 
the number of drugs does not increase the risk of falls 
in the presence of good physical function. This implies 
that walking speed can be used to triage patients who 
may need more tailored management of polypharmacy. 
One potential explanation for the absence of an associa-
tion in the slowest quartile of walking speed may be that 
they are not mobile enough to have a fall. However, the 
absence of an association between polypharmacy and 
falls in people with slow walking speed needs further 
investigation.

Strengths and limitations
To our knowledge this is one of the largest population-based 
longitudinal studies to assess the association between poly-
pharmacy and falls, including over 5000 participants. ELSA 
has been shown to be broadly representative of the English 
population, and therefore findings are generalisable to 
wider group of older adults in the UK. All participants 
for wave 6, however, did not participate in the nurse visit 
due to different reasons. The response rate for the nurse 
visit was still as high as 83%38; however, there were slight 
differences between the participants who completed nurse 
visit versus participants who did not complete a nurse visit. 
Participants who completed a nurse visit were on average 
1.32 years younger and richer compared with ELSA partic-
ipants who did not complete a nurse visit. Therefore, we 
may have slightly underestimated the true prevalence of 
polypharmacy. Data collected on medication use were 
self-reported as opposed to a prescription or dispensing 
database. However, these databases would not account for 
any over-the-counter or off-the-shelf medications taken or 
actual use of medication as they only contain information 
on prescribing or dispensing. In contrast, the nurse inter-
views in ELSA covered all medications, including all over-
the-counter and off-the-shelf medications. Additionally, the 
nurse interviewers were also asked to see the containers 
for all the medications,32 being taken as an added check 
to verify the medications. Therefore, we believe that the 
assessment of drug use, although self-reported, was robust. 
Data on falls were collected through retrospective self-re-
ports, making it prone to some misclassification. A study 
comparing retrospective self-report of falls with prospec-
tive records in older women from Brazil found moderate 
agreement (kappa=0.595) with sensitivity and specificity 
of 67.2% and 94.2%, respectively.39 In comparison, a study 
comparing retrospective self-reports of falls with prospec-
tive calendar-reported method following a randomised 
controlled trial found 84% agreement between the two 
measures; however, the sensitivity was still 56%.40 Informa-
tion on confounders was extracted at wave 6, and changes 
in these covariates over the 2 years were not accounted for 
in the analysis. We used longitudinal data to minimise the 
potential for reverse causality and adjusted for multimor-
bidity to minimise confounding-by-indication; however, the 
potential of residual confounding cannot be completely 
eliminated.

COnCluSIOn
We found almost one-third of the total population using 
five or more drugs, which was significantly associated with 
21% increased rate of falls over a 2-year period. This has 
important clinical implications because the target group 
for medication reviews and multimorbidity management, 
which is currently restricted to individuals with 10 or more 
drug prescriptions, may miss individuals who are still at 
a high risk of falls. Therefore, the target patient group 
may need widening. Further exploration of the effects of 
these complex drug combinations in the real world with 
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a detailed standardised assessment of polypharmacy is 
greatly required along with pragmatic studies in primary 
care, which will help inform whether the threshold for a 
detailed medication review should be lowered. What is also 
required is a multidisciplinary approach with primary care 
physicians, specialists and pharmacists working together 
to minimise harm and optimise drug treatments in this 
population.
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