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ABSTRACT

Background: Studies consistently associate use of multiple medications with increased mortality. However, such studies often
lack adequate adjustment for confounding, particularly from underlying diseases.

Objective: To illustrate challenges in studying the association between polypharmacy and mortality by examining this relation-
ship in two separate populations.

Methods: A register-based nationwide study utilizing a cohort of all Danish citizens admitted to nursing homes 2015-2021
(n=95,057) and a community dwelling population cohort aged >65years (n=1,005,963). We examined the 1-year mortality
using a Kaplan Meier plot from date of nursing home admission or index date and modeled the association between the number
of medications used and death using restricted cubic splines with varying levels of adjustment. Further, we modeled the associa-
tion between the 20 most used drugs and 1-year mortality.

Results: In the nursing home cohort, we found an approximately linear increase in mortality with the number of medications
used. Adjusting for sex, age, and comorbidities markedly attenuated the association from an odds ratio of 4.70 (95% CI: 4.24-5.21)
to 2.23 (95% CI: 1.99-2.49). Paradoxical associations were observed for individual drug classes, such as antidementia drugs
showing a strong inverse association with mortality. When examining the stability of the number of drugs used over time, we
found considerable fluctuations for individual residents. In the community dwelling population cohort, adjustment for covari-
ates showed an even stronger impact on the association, reducing the odds ratio from 10.39 (95% CI: 9.79-11.03) to 1.34 (95% CTI:
1.25-1.43). Further, the individual-level use of medication was found to be stable over time in the general population.
Conclusion: The association between levels of polypharmacy and mortality is strongly affected by confounding by indication.
Basic adjustment for comorbidities attenuates but does not fully eliminate the association, with residual association possibly
driven by residual confounding. This emphasizes the need for cautious interpretation of findings associating high use of medi-
cation with mortality.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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Summary

» Key points

o Polypharmacy is consistently associated with mor-
tality; however, studies often inadequately adjust for
underlying diseases.
The strong association between number of drugs
and mortality within nursing home residents, was
halved when adjusting for comorbidities, and largely
removed upon adjusting within a community dwell-
ing cohort of older adults.
Caution is necessary when interpreting studies of the
association between medication use and mortality.

« Why does this matter?

o This study illustrates the need for caution when in-
terpreting studies on the association between mor-
tality and number of medications used, in particular
when data to adjust comorbidities and frailty are not
available.

o This is important as researchers risk affecting de-
cision- and policymaking with potential faulty
interpretations of this increasingly scrutinized
association.

o

o

1 | Introduction

As the longevity among the general population increases, so
does the prevalence of both acute and chronic disease, leading
to an increase in medication use and polypharmacy prevalence
among older adults [1-3]. Studies consistently associate poly-
pharmacy, often defined as concurrent use of five or more medi-
cations [4, 5], to mortality [6-12]. However, most of these studies
fail to adjust adequately for confounding, largely due to the
complexity of exposure or lack of available data. As estimates
of the association are highly prone to confounding from indica-
tion from the underlying disease(s) treated by the medications
they use, existing findings must be interpreted with caution.
Despite this, several such studies have concluded that poly-
pharmacy is an independent risk factor for mortality and thus
should be avoided [13-17]. In this study, we aim to provide an
illustrative and cautionary example of the association between
levels of polypharmacy and mortality to inform future studies.
We do so by examining the association between the use of mul-
tiple medications and mortality in two separate populations to
illustrate the inherent challenges in studying this association, by
describing aspects of the association that point to a non-causal
interpretation.

2 | Methods
2.1 | Data Sources

The data for the cohort were assembled, encrypted, and pro-
vided by the Danish Health Data Authority using data from
the Danish National Prescription Registry [18] and the Danish
National Patient Registry [19], linked via the personal identifi-
cation number assigned to all Danish residents since 1968 [20].
Denmark is a welfare state with national, free, and easy access
to healthcare services [21]. The personal identification number

contains information such as sex and date of birth, death, and
migration. The Prescription Registry holds individual-level
data on all filled prescriptions at all community pharmacies in
Denmark since 1995. This includes variables such as the type of
drug, amount, and anatomic therapeutic chemical (ATC) clas-
sification [22]. The Patient Registry holds individual-level data
on all admissions to Danish hospitals since 1994. This includes
variables such as admission- and discharge diagnoses codes
using the ICD-10. Comorbidities were scored using the Nordic
Multimorbidity Index [23] which is a comorbidity score devel-
oped on register-based data in a cohort of Danish residents. The
Nordic Multimorbidity Index is a validated score, which has been
assessed using c-statistics against the Charlson Comorbidity
Index and the Elixhauser Comorbidity Index [23]. The comor-
bidity score is comprised of 50 weighted ICD-10 diagnoses and
ATC codes from filled prescriptions (Table S1).

2.2 | Study Cohorts

This was a register-based cohort study using, as a case example,
a cohort of all Danish residents >65years moving into a nurs-
ing home in the period 2015 to 2021. To contextualize findings
outside of the nursing home setting, all analyses were repeated
in a community dwelling population cohort comprising Danish
residents aged >65years per January 1st, 2016, in the period
2016-2019, that were assigned random index dates throughout
the period 2016 to 2018 and followed up for oneyear. The cohorts
were linked with individual-level registry data on prescriptions
filled in community pharmacies in Denmark, and the comorbid-
ity scores were calculated using all available look back up until
nursing home admission or index date.

2.3 | Exposure and Outcomes

We obtained data on drug use from the Prescription Registry,
that is, drugs filled in community pharmacies, while disregard-
ing prescriptions for antibiotics (ATC: J), as these were assumed
to correspond to shorter-term treatments. We used this informa-
tion to identify our main exposure, that is, the number of unique
drugs used, defined as filled prescriptions per full ATC level.
The outcome of interest was all-cause death.

2.4 | Statistical Analyses

We examined the association between levels of polypharmacy
and 1l-year mortality using three different models: a Kaplan
Meier plot, flexible modulation using splines, and logistic
regression.

First, using a Kaplan Meier plot, we examined the 1-year mortal-
ity from the date of nursing home admission/index date, stratify-
ing by number of drugs (0-1, 2-5, 6-10, 11-15, 16-19, > 20) filled
in the 120days prior to nursing home admission/index date.

Second, we flexibly modeled the association between the num-
ber of drugs and 1-year mortality using restricted cubic splines
(knots placed at the 5., 35., 65., and 95. percentiles), as well
as modeled the association between the number of drugs and
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1-year mortality, with increasing levels of adjustments for co-
variates: (i) sex and age, (ii) sex, age, and a full comorbidity score
using the Nordic Multimorbidity Index [23]. We excluded indi-
viduals within the highest percentile of the number of different
drugs used before modeling the association.

Third, we performed logistic regression associating the 20 most
used individual medications (based on the proportion of users
in the 120days prior to nursing home admission) with odds of
death within 1year, in a crude model solely adjusted for age and
sex as well as with adjustment for the Nordic Multimorbidity
Index [23].

Last, we described the stability of the polypharmacy phenotype
by cross-tabulating the number of individual medications filled
in the 120days prior to nursing home admission or index date
and the number of medications filled in the 120days following
nursing home admission or index date, restricted to those sur-
viving the first 120days.

2.5 | Ethics and Approvals

This study did not require approval from an ethics review board,
according to Danish law on studies based solely on register
data [24]. In terms of data protection, the study was registered
at the repository of University of Southern Denmark (11.277 and
10.113).

3 | Results

The nursing home cohort comprised 95,057 residents (62% fe-
male; median age 84 years) that used a median of eight different
medications (interquartile range, IQR: 5-11) and had a 1-year
mortality of 32%. The supplementary community dwelling pop-
ulation cohort of Danish residents, aged >65years, comprised
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1,005,963 people (54% female; median age 74 years), using a me-
dian of four different medications (IQR: 1-6) and with a 1-year
mortality of 4.4%. Detailed characteristics of the nursing home
cohort and the supplementary community dwelling population
cohort are presented in Table S2.

When stratifying by number of different medications, the 1-year
mortality more than doubled from around 20% among those
taking 0-1 medications to just over 50% among those taking
>20 medications (p value 0.0000) (Figure 1). The sex and age
adjusted association between the 1-year mortality and number
of medications presents an approximately linear trend increas-
ing up to an odds ratio (OR) of 4.70 (95% CI: 4.24-5.21) with use
of 20 medications compared to 0 medications (Figure 2b). The
association between use of >20 medications and 1-year mortal-
ity dropped markedly with increasing adjustment. When addi-
tionally adjusting for the Nordic Multimorbidity Index, the OR
dropped to 2.23 (95% CI: 1.99-2.49) among those taking >20
medications, while no excess risk was observed with low (1-5)
use of medicines (Figure 2b).

When examining the use of medication 120 days prior to nursing
home admission and 120days following nursing home admis-
sion restricted to those surviving the first 120days (n=280,793),
we found that among users of >16 medications, only 32% were
still using >16 medications after nursing home admission
(Table 1). Similarly, among those using only a few medications
prior to admission, the use of medication also changed mark-
edly. For example, among those using 2-3 medications prior to
nursing home admission, only 37% stayed within this use cate-
gory, while >20% used >6 medications in the subsequent 120-
day window (Table 1).

The association between the 20 most used individual medica-
tion groups and 1-year mortality revealed several strong asso-
ciations. Stronger associations were all markedly attenuated
when adjusting for comorbidity, while adjusting for comorbidity
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- >20
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200 250 300 350

Days since moving into the nursing home

FIGURE 1 | Kaplan Meier plot showing the 1-year mortality from the date of nursing home admission adjusted for sex and age, stratifying by
number of drugs (0-1, 2-5, 6-10, 11-15, 16-19, >20) filled in the 120days prior to nursing home admission (p value 0.0000).
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FIGURE 2 | (A) Crude flexible model of the association between number of drugs and odds of death within 1year using restricted cubic splines

(knots placed at the 5., 32., 59. and 95. percentiles) in the nursing home cohort. (B) The association between number of drugs and odds of death within

lyear, with increasing levels of adjustments for covariates: (i) unadjusted, (ii) sex and age, (iii) sex, age, and the Nordic Multimorbidity Index (NMI*)
[23] in the nursing home cohort. The highest 1. percentile of number of different drugs was excluded before modeling the association in both A and B.

TABLE 1 | Table showing stability of polypharmacy phenotypes as proportion of nursing home residents 120days prior to and 120 following
nursing home admission, among those surviving 120 days following nursing home admission (n=80,793).

120 days prior to nursing home admission

No. of
medications 0 1 2-3 4-5 6-10 11-15 >16
0 25% 7.0% 1.4% 0.41% 0.09% 0.06% (n<5)

]
g
ke 1 21% 22% 6.3% 1.6% 0.36% 0.08% (n<5)
¢
3 23 27%
==
g8
@2 45 13%
i
2% 6-10 10%
£
»w
= 11-15 2.4%
el
S
= >16 1.5% 0.25% 0.16% 0.23% 1.3% 8.6% 32%

had only a marginal effect on weaker associations (Table 2).
However, several paradoxical associations remained, that is, the
receipt of antidementia drugs or selective serotonin reuptake in-
hibitors (SSRIs) was strongly associated with reduced odds of
death (OR 0.48; 95% CI: 0.47-0.49 for antidementia drugs; OR
0.79; 95% CI: 0.77-0.80 for SSRIs) (Tables 2 and S3).

In the supplementary community dwelling population cohort
(n=1,005,963), a similar approximately linear relationship be-
tween levels of polypharmacy and probability of death was seen
(Figures S1 and 3a). However, in this cohort, the association

between high levels of polypharmacy was, on the relative scale,
appreciably stronger than in the nursing home cohort (OR 10.39;
95% CI: 9.79-11.03 with use of 15 medications), whereas adjust-
ing for covariates had a more pronounced effect in attenuating
this OR to 1.34 (95% CI: 1.25-1.43) (Figure 3b). When looking at
the stability of the use of medication in the community dwelling
population cohort, both low- and high-use of medication was
found to be highly stable over time (Table S4). Similarly, as for
the nursing home cohort, the 20 most used medications were
strongly associated with mortality that was attenuated upon ad-
justment; however, here we also found paradoxical associations,
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Community dwelling population cohort (1,005,963)

95,057)

Nursing home cohort (n

(Continued)

TABLE 2

Adjusted for

Adjusted for

Anatomic

NMI OR,

Unadjusted

NMI OR,

Unadjusted

therapeutic

(95% CI)
0.99 (0.97-1.01)
1.02 (1.00-1.04)

Frequency, % (n) OR, (95% CI)

(95% CI)
0.95 (0.93-0.98)

OR, (95% CI)

Drug class Frequency, % (n)

chemical (ATC)

1.10 (1.08-1.12)

5.9 (59,434)

0.98 (0.96-1.01)

12 (11,766)

Other opioids

NO02AX
NO5CF

1.07 (1.04-1.09) 1.04 (1.01-1.06) 5.6 (56,672) 1.07 (1.05-1.09)

12 (11,475)

Benzodiazepines

related drugs

0.78 (0.76-0.81)  0.92(0.90-0.95) 12 (117,023) 0.58 (0.57-0.59)  0.85(0.83-0.87)

12 (11,189)

Angiotensin IT

C09CA

receptor blockers

0.81(0.79-0.84)  0.86 (0.83-0.89) 3.5 (35,407) 1.04 (1.02-1.07) 1.04 (1.01-1.07)

9.7 (9185)

Vitamin B12

B03BA

Abbreviations: 95% CI, 95% Confidence Interval; NMI, Nordic Multimorbidity Index; OR, odds ratio.

2Excluding heparin.

that is, being treated with antidementia drugs having a strong
protective effect against death (OR 0.65; 95% CI: 0.63-0.67)
(Tables 2 and S3). However, the observed inverse association
with SSRI use was not replicated (OR 1.10; 95% CI: 1.08-1.12)
(Tables 2 and S3).

4 | Discussion

In this methodological case study, we report a strong association
between the number of medications and 1-year mortality in both
a cohort of nursing home residents and in the community dwell-
ing population. However, this excess risk was greatly attenuated
upon adjusting for sex, age, and comorbidities, in particular in
analyses of the community dwelling population. Among the 20
most used drugs, several paradoxical associations were identi-
fied, for example, antidementia drugs being strongly protective
against death.

This study replicates the association between the number of
different medications used and mortality, reported in previous
studies [6-12]. Similar to these studies, we found that the 1-year
mortality and number of different medications presents as an
approximately linear association. Likewise, previous studies
also report an attenuated association when adjusting for covari-
ates such as age and sex, and even further when adjusting for
comorbidities. Despite this, a recent systematic review found
that 30 out of 39 included studies did not adjust for comorbid-
ities [6]. The marked attenuation of associations is possibly due
to confounding from the underlying reason for drug treatment,
that is, confounding by indication, which is notoriously difficult
to adjust for, as also illustrated by the residual risks following
adjustment in the present study. Generally, when a strong as-
sociation is reduced to a weak association upon adjustment,
this residual association should rarely be interpreted as a true
effect. Any adjustment is imperfect, due to both minor inaccura-
cies in coding and use of proxy measures only in part capturing
the true health status of the individual. Comparing community
dwelling aged people with nursing home residents, might skew
the confounding levels, as restricting to nursing home residents
may innately account for some level of confounding, in terms of
sickness and frailty [25]. Thus, when results are obtained that
resemble those obtained in the present study for the community
dwelling population cohort, that is, that a 10-fold increased risk
is reduced to a 1.3-fold increased risk, we caution against sim-
ply interpreting the latter as a residual effect that should be at-
tributed to the “true effect of polypharmacy.” Nevertheless, one
cannot rule out, using an observational design, that any residual
effects will reflect harmful effects of polypharmacy. It is possi-
ble that adverse drug effects, including drug-drug interactions
or drug-disease interactions, due to multiple medications may
explain at least some of the residual effects.

Use patterns and selective prescribing in older frail people, such
as nursing home residents, often affect the estimation of mor-
tality risk associated with specific medications in this popula-
tion, leading to seemingly paradoxical associations [26]. As an
example, use of antidementia drugs and SSRIs showed strong
protective “effects” against death in the nursing home cohort,
even following adjustment. This might be explained by an-
tidementia drugs being a marker of a need for care and thus a
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FIGURE 3 | (A) Crude flexible model of the association between number of drugs and odds of death within 1year using restricted cubic splines

(knots placed at the 5., 32., 59., and 95. percentiles) in the community dwelling population cohort. (B) The association between number of drugs

and odds of death within 1year, with increasing levels of adjustments for covariates: (i) unadjusted, (ii) sex and age, (iii) sex, age, and the Nordic

Multimorbidity Index (NMI*) [23] in the community dwelling population cohort. The highest 1. percentile of number of different drugs was excluded

before modeling the association in both A and B.

predictor for being admitting into a nursing home that carries
lower mortality risk than other reasons for being admitted (e.g.,
frailty). In the community dwelling population cohort, antide-
mentia drugs were found to have a strong association with death
prior to comorbidity adjustment, which was then reversed into
a strong protective effect against death following adjustments.
Such paradoxical relationships have previously been described
and attributed to selective under-prescribing of certain medica-
tions among older frail adults leading to artificially lower mor-
tality risks [26].

We found that the use of medication is highly varying in a
frail population, such as older adults living in nursing homes.
Medication use is often considered at nursing home admission
as baseline and analyzed using an “intention to treat” approach,
which might not be without problems, as medication use fluctu-
ates during follow-up as demonstrated. As such, this approach
will infer considerable exposure misclassification. Of note, the
magnitude of this misclassification is dependent on the patient
population under scrutiny, as illustrated by the community
dwelling population cohort where medication use was signifi-
cantly more stable over time.

When reporting on studies on polypharmacy and mortality,
there is a considerable need for transparency regarding the risk
of estimates being confounded by both known and unknown
confounders. Such confounders may affect populations in very
different ways, which highlights the need for discussing the
complex relationships in light of the individual patient popu-
lation or setting. As an example, we showed that adjusting for

comorbidity had a considerable impact on the association be-
tween SSRI use and mortality; however, this effect was very
different in the nursing home cohort and in the community
dwelling population cohort. Whether a given study will be able
to provide trustworthy estimates of the causal association be-
tween the number of medications or levels of polypharmacy and
mortality will depend on the data available for such adjustment
and the methodological rigor applied. However, in most cases,
and with usual register-based data available to the researcher,
there is, as argued above, a considerable risk of residual con-
founding, and that interpretation of estimates should thus be
done with caution.

4.1 | Strength and Limitations

The main strength of this study is the national cohorts of all
Danes admitted to nursing homes in 2015 and onwards, and
the full capture of the community dwelling population cohort,
with complete and unambiguous linkage across the highly valid
Danish Health registries [18-20]. However, this study has sev-
eral limitations. First, the proxy used to identify medication use,
that is, prescription fills, might not accurately capture the use of
prescription medications specifically among nursing home resi-
dents, where treatment is often changed or uncertain, leading to
a potential overestimation of medication use. Second, while we
adjusted for a setting-specific comorbidity index [23], detailed
clinical data on health status were not available. It is consid-
ered likely that the availability of data on for example, specific
frailty measures [27, 28] might facilitate better adjusting for the
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underlying health status and thus result in even stronger atten-
uation of the reported associations. Lastly, it is important to em-
phasize that the reported findings are highly dependent on the
patient population and setting in question, as demonstrated by
the differences in the analyses between the nursing home and
community dwelling population cohorts.

5 | Conclusion

In this study we demonstrate that the association between the
number of medications at the time of nursing home admission
and mortality is highly affected by confounding by indication.
Further, we demonstrated similar effects when examining com-
munity dwelling people aged > 65years. The risk was attenuated
when adjusting for sex and age, but most significantly so when
adjusting for comorbidities. However, a low persisting associa-
tion possibly reflecting residual confounding illustrates the need
for careful interpretation of reported associations between the
number of medications and mortality risk.
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