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Background: Frailty, disability, and polypharmacy are prevalent in nursing home (NH)
residents, often co-occurring with multimorbidity. There may be a complex interplay
among them in terms of outcomes such as mortality. Aims of the study were to
(i) assess whether nursing home residents with polypharmacy (5-9 medications) or
hyperpolypharmacy (>10 drugs), have an increased risk of death and (ii) whether any
association is modified by the co-presence of frailty or disability.

Methods: Cohort study with longitudinal mortality data including 4,023 residents
from 50 European and 7 Israeli NH facilities (mean age = 83.6 years, 73.2% female)
in The Services and Health for Elderly in Long Term care (SHELTER) cohort study.
Participants were evaluated with the interRAI-LongTerm Care assessment tool. Frailty
was evaluated with the FRAIL-NH scale. Hazard ratio (HR) of death over 12 months was
assessed with stratified Cox proportional hazards models adjusted for demographics,
facilities, and cognitive status.

Results: 1,042 (25.9%) participants were not on polypharmacy, 49.8% (n = 2,002) were
on polypharmacy, and 24.3% (n = 979) on hyperpolypharmacy. Frailty and disability
mostly increased risk of death in the study population (frailty: HR = 1.85, 95%ClI
1.49-2.28; disability: HR = 2.10, 95%CI 1.86-2.47). Among non-frail participants,
multimorbidity (HR = 1.34, 95%Cl = 1.01-1.82) and hyperpolypharmacy (HR =
1.61, 95%Cl = 1.09-2.40) were associated with higher risk of death. Among frail
participants, no other factors were associated with mortality. Polypharmacy and
multimorbidity were not associated with mortality after stratification for disability.

Conclusions: Frailty and disability are the strongest predictors of death in NH
residents. Multimorbidity and hyperpolypharmacy increase mortality only in people
without frailty. These findings may be relevant to identify patients who could benefit
from tailored deprescription.
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Introduction

Frailty is broadly defined a “clinical state characterized by a
decrease of an individual’s homeostatic reserves and is responsible for
enhanced vulnerability to endogenous and/or exogenous stressors”
(1). Multiple operational definitions of frailty are available in
literature (x). The most frequently used definition (2) focuses on
the evaluation of five domains (nutritional status, energy, physical
activity, mobility, and strength) to identify the frail phenotype.
Independently of the adopted definition, frailty has been repeatedly
associated with several negative health outcomes such as fracture
risk (3), hospitalization (4), disability (5), multimorbidity (6), and
medication harm (7). A recent meta-analysis of studies using the
Frailty Index, reported that frailty is a significant predictor of
mortality (8). It has been also suggested that polypharmacy may
be an explanatory factor of the association between frailty and
mortality in older individuals (9). Polypharmacy is common in
people with frailty (10). Both frailty and prefrailty significantly
predict nursing home (NH) placement (11) and a meta-analysis
reported a very high prevalence of both conditions (40.2 and 52.3%,
respectively) in NH patients (12), especially among women (13).
More than 90% of patients awaiting NH placement have at least one
potentially inappropriate medication (PIM) and 65% are eligible for
the application of STOPPFrail criteria (14) (Screening Tool of Older
Persons Prescriptions in Frail adults with limited life expectancy),
which is designed to help physicians in deprescribing medications in
older patients with frailty and limited life expectancy. The interplay
between polypharmacy, multimorbidity, and frailty is potentially
complex (15). For example, number of drugs can be higher than
number of comorbidities, they both can be determinants of frailty,
and disease-drug and drug-drug interactions are frequent. Given the
high prevalence of these conditions in NH patients, it is of interest
to see how these common phenomena affect mortality in this setting
of care.

The aims of the current paper are to (i) assess whether
nursing home residents with polypharmacy (5-9 medications) or
hyperpolypharmacy (>10 drugs), have an increased risk of death and
(ii) whether any association is modified according to the presence of
frailty or disability and multimorbidity.

Methods
Study design

This longitudinal cohort study is a secondary analysis based on
data from the Services and Health for Elderly in Long Term care
(SHELTER) study (16). The SHELTER study is a longitudinal cohort
study that was conducted between 2009 and 2011 and it includes
information on 4,156 participants from 50 European nursing home
facilities (10 in Czech Republic, 9 in England, 4 in Finland, 4 in
France, 9 in Germany, 10 in Italy, and 4 in the Netherlands) and from
7 facilities in Israel.

Study participants

Participants were randomly selected among older adults residing
in participating NHs at the beginning of the study and those admitted
in the 3 month enrolment period following the initiation of the study,
based on their willingness to participate in the SHELTER study.
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The original aim of the SHELTER study was to validate the
use of the interRAI-LongTerm Care assessment tool (InterRAI-
LTCF) as a methodology to assess provision of care in NH in
Europe All participants were evaluated by trained assessors with
the InterRAI-LTCE which includes more than 350 elements,
covering sociodemographics, clinical items about physical and
cognitive status, and clinical diagnoses. The tool also collects
information about clinical diseases, and

signs, symptoms,

treatments (16).

Statement of ethics

Ethical approval for the study was obtained in all countries
according to country-specific agreements, on the behalf of the ethical
committee of the Catholic Unviersity of the Sacred Heart, approval
number P/220/CE/2009. Residents were invited to take part in the
study and were free to decline participation. Written informed
consent was obtained from participants, or their legal guardian, to
participate in the study.

Frailty assessment

Frailty was evaluated according to the FRAIL-NH scale, a tool
specifically developed for nursing homes (17). The FRAIL-NH is easy
to administer and based on seven potentially reversible conditions of
frailty: F = fatigue, R = resistance, A = ambulation, I = incontinence,
L = weight loss, N = nutritional approach, H = help with dressing.
The overall score ranges from 0 to 14. Frailty was defined as score
equal or >8 at the FRAIL-NH scale. In the paper that describes
thoroughly the process of codfication, FRAIL-NH codification and
application has been demonstrated to be a reliable indicator of frailty
compared to a comprehensive geriatric assessment for nursing home
residents in the SHELTER population (18).

Disability assessment

To evaluate the presence of disability, participants’ functional
status has been recorded through the Activities of Daily Living
(ADL) Hierarchy scale (19). The ADL Hierarchy scale groups
ADL according to the stage of the disablement process in which
they occur, assigning lower scores to early-loss ADLs (i.e dressing,
personal hygiene, and toilet use) than to late-loss ADLs (i.e., transfer,
locomotion, bed mobility, and eating). The ADL Hierarchy Scale
ranges from 0 (independent) to 6 (total dependence). Disability was
deemed present in the presence of ADL Hierarchy Scale score 5-6,
and absent in presence of ADL Hierarchy scale score 0-4.

Medications and polypharmacy

Information on medications was collected at baseline assessment
using the dedicated InterRAI-LTCF section according to their
Anatomical and Chemical code.
defined

hyperpolypharmacy was defined as the concurrent use of 10 or

Therapeutic Polypharmacy

was as concurrent use of 5-9 medications and

more drugs (20).
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TABLE 1 Baseline characteristics of the study population.

10.3389/fmed.2023.1091246

Variable All 0-4 drugs 5-9 drugs 10+ drugs

(n = 4,023) (n = 1,042) (n =2,002) (n=979)

n (%) n (%) n (%) n (%)

Age (mean, SD) 83.6 (9.4) 83.4(10.3) 83.7 (9.1) 83.3(9.4) 0.461
Female 2,945 (73.2) 765 (73.4) 1,478 (73.8) 702 (71.7) 0.463
Parkinson’s disease 276 (6.9) 55 (5.3) 132 (6.6) 89 (9.1)° 0.003
Stroke 886 (22.1) 195 (18.9) 456 (22.8)° 234 (24.0)° 0.012
Heart failure 708 (17.7) 98 (9.5) 360 (18.0)° 250 (25.8)° <0.001
Cancer 435 (10.9) 74 (7.1) 230 (11.5)° 131 (13.4) <0.001
Dementia 1,445 (36.1) 403 (38.9) 763 (38.2) 279 (28.7)° <0.001
Depressive symptoms 956 (23.9) 157 (15.2)* 495 (24.8)° 304 (31.2)¢ <0.001
Multimorbidity 1,636 (40.6) 287 (27.9)* 853 (42.8)" 496 (52.9)¢ <0.001
Frailty 1,878 (47.0) 533 (51.6) 919 (46.2)" 426 (44.1)° 0.002
Cognitive impairment (CPS) <0.001
0-1: intact/borderline 1,880 (46.7) 405 (40.2)* 921 (46.4)° 554 (57.0)°
2-4: mild-moderate 851 (21.2) 195 (19.4) 434 (21.9) 222 (22.8)
5-6: severe 1,234 (30.7) 407 (40.4)* 631 (31.8)° 196 (20.2)°
Disability (ADLs) 0.147
0-4: absent 2,778 (69.2) 743 (71.7) 1,368 (68.5) 667 (68.2)
5-6: present 1,234 (30.8) 294 (28.4) 629 (34.5) 311 (31.8)

ADL, activities of daily living; CPS, cognitive performance scale.

Each subscript letter indicates polypharmacy categories whose proportions are comparable at level 0.05.
4 Age assessed with Anova with Tukey post-Hoc, all other variables assessed with Pearson’s Chi-square with Z-test (Bonferroni post-Hoc).

Covariates

Covariates were assessed through specific items from the
InterRAI-LTCEF. Cognitive status was assessed with the Cognitive
Performance Scale (CPS) (21). This scale assesses memory
impairment, level of consciousness, and executive function, with
scores ranging from O (intact) to 6 (very severe impairment).
Cognitive impairment was categorized as follows: none-borderline
intact (CPS score 0-1), mild to moderate (CPS score 2-4), and
severe (CPS score 5-6). The Depression Rating Scale (DRS) was
used to assess the presence of depressive symptoms, and a cut-off
score >3 was used to indicate the presence of a clinically significant
depression (22). Information on the presence of following chronic
conditions was also collected: heart failure, ischemic heart disease,
Parkinson’s disease, stroke, diabetes, COPD, cancer, and dementia.
Multimorbidity was defined as the concurrent presence of two
or more different comorbidities (23), including also dementia
and depression.

Mortality

Participants were followed over 1 year during their residence in
the nursing homes and all deaths were recorded. No information
regarding causes of death was gathered. Time to death was considered
as the date of the first assessment until the date of death. An extra
record was made in case of discharge from the facility and cases
were censored at this date. In survival analyses, death for any cause
was considered as the outcome and discharge from the facility as
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censoring events. For remaining participants, time was censored
at 12-months.

Statistical analysis

Baseline characteristics (mean and standard deviation or number
and percentage) of participants were compared between frail and
non-frail participants using analyses of variance and Tukey post-hoc
for normally distributed variables, while chi-square and post-hoc Z-
test were used for dichotomous variables. A two-tail p-value < 0.05
was considered significant.

Collinearity was tested according to Pearson correlation
coeflicient and Variance Inflation Factor (VIF). A VIF > 10 indicates
severe collinearity. For FRAIL-NH and ADL Hierarchy scale, that
share 3 items (ambulation, help with dressing and incontinence), VIF
was 4.1 and Pearson’s R? was 0.678, suggesting collinearity between
the two scales. On the contrary, no collinearity was detected for
multimorbidity and polypharmacy (VIF = 2.1, R* = 0.033). Hence,
two different models to assess differences in mortality according
to polypharmacy status were performed: the first one exploring
frail and non-frail patients, the second one exploring patients
with and without disability in the ADLs. Survival curves were plot
through Kaplan-Meier methodology and the Log-Rank test was
used to assess difference among survival curves. Shared frailty Cox
proportional hazard regression models were used to evaluate the
effect of polypharmacy on time to death in both frail vs. non-frail
patients and those with and without disability, while accounting
for potential random effect due to data clustering within NHs (24).
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TABLE 2 Factors associated with mortality during 1-year follow-up
(n=1,187).

Variables Crude HR (95% Adjusted HR
Cl) (95% CI)*
Age 1.03 (1.02-1.04) 1.04 (1.03-1.05)
Female sex 0.76 (0.64-0.89) 0.69 (0.59-0.83)
Frailty 2.37 (1.99-2.80) 1.85 (1.49-2.28)

Number of drugs

0-4: no polypharmacy 1

5-9: polypharmacy 1.08 (0.87-1.34) 1.09 (0.90-1.33)

>10: hyperpolypharmacy 1.20 (0.88-1.64) 1.29 (0.98-1.87)

Multimorbidity

Cognition (CPS)

1.30 (1.13-1.50) 1.12 (0.93-1.35)

0-1: intact/borderline 1 1

2-4: mild-moderate 1.46 (0.93-1.76) 1.16 (0.93-1.44)

5-6: severe 1.87 (1.06-2.02) 1.52 (0.96-1.88)
Disability
ADL 0-4: absent 1 1

ADL 5-6: present 2.35(1.95-2.84) 2.10 (1.68-2.47)

ADL, activities of daily living; CPS, cognitive performance scale.
*Adjusted for demographics, facilities are the shared frailty.

Potential confouders included age, gender, and variables that were
associated with polypharmacy at the univariate analysis. To exclude
departure from proportionality assumption, the log-log survival
function was examined. All analyses were performed by using STATA
version 14.0 for Windows.

Results

At baseline, from the initial sample of 4,156 participants, 133
(3.2%) were excluded due to missing data, leading to a final sample of
4,023 participants. The sociodemographic and clinical characteristics
of participants have been described for the overall study population
and according to the number of medications used (Table 1). The
mean age in the overall study population was 83.6 years and almost
two-thirds were female. Almost half (47%) of the population were
classified as frail and 40.6% had multimorbidity. A quarter (n =
1,042, 25.9%) of participants were not on polypharmacy regimen,
while a half (n = 2,002, 49.8%) were on polypharmacy and a
quarter (n = 979, 24.3%) were on hyperpolypharmacy. Laxatives,
antiulcer medications, psychotropic drugs (such as benzodiazepines,
antidepressants, and antipsychotics), and diuretics were the most
common classes prescribed in the study population.
heart
failure, and cancer were more common among patients on

Comorbidities such as Parkinson’s disease, stroke,
polypharmacy or hyperpolypharmacy compared to those who
were not. Multimorbidity was more common in participant on
polypharmacy (42.8%) or hyperpolypharmacy (52.9%) than people
taking 0-4 drugs (27.9%) (p < 0.001). Dementia and poor cognitive
status were inversely associated with being on polypharmacy or
hyperpolypharmacy (p < 0.001). The proportion of residents with
disability (ADL score 5-6) was comparable among polypharmacy
groups (p = 0.147). On the contrary, frailty was less common
in participants on polypharmacy (46.2%) or hyperpolypharmacy
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(44.1%) compared to the group of those taking <5 drugs (51.6%) (p
= 0.002).

Overall, 761 (18.9%) participants died during follow-up and
262 (6.5%) moved out of the nursing home and were censored.
Overall the incidence rate of death in the study population was 0.21
persons/year. Table 2 shows factors associated with death during 1-
year follow-up. After adjusting for sociodemographics and potential
confounders (facilities, cognitive status), frailty and disability were
associated with the highest risk of death (frailty: HR = 1.85, 95%CI
1.49-2.28; disability: HR = 2.10, 95%CI 1.68-2.47), while both
polypharmacy and hyperpolypharmacy and cognitive status showed
no effect on mortality.

Table 3 shows the results of the Cox proportional hazards
regression after stratification for frailty status (see also Figures 1, 2
for the Kaplan-Meyer survival curves for polypharmacy). Among
non-frail participants, multimorbidity (adjusted HR 1.34, 95%CI
= 1.01-1.82) and hyperpolypharmacy (adjusted HR 1.61, 95%CI
= 1.09-2.40) were associated with a higher risk of death during
the follow-up. Among frail participants, no other factors were
significantly associated with death. Conversely, both polypharmacy
and multimorbidity were not associated with a different risk of death
after stratification for disability.

Discussion

In this longitudinal study of older nursing home residents, we
found that hyperpolypharmacy and multimorbidity both increase
the risk of death, but only in people without frailty, even
after adjustment for demographics, facilities, comorbidities, and
cognitive status. Person without frailty who had multimorbidity
had 35% increased risk of death compared to those without
multimorbidity. There was a 29% increased mortality risk in people
with hyperpolypharmacy compared to those without polypharmacy,
within the non-frail stratum.

Chart review of patients in the last year of life suggest that
there is a continued prescribing of futile medications (25). However,
our findings are in contrast to the SHARE study, which reported
that people with both frailty and polypharmacy have an increased
risk of death over a 30-month period (26), similar to a British
study (27). Further, a Spanish study found opposite findings to ours;
polypharmacy was associated with mortality in frail and prefrail older
adults, but not in non-frail individuals (28). It should be noted that
our population included only nursing home residents not the general
population and this may partly explain our findings. Nursing home
residents already have a high vulnerability and complex care needs
and may have specific characteristics that affect the interplay between
frailty and polypharmacy. A previous paper from the SHELTER study
found that frailty is associated with less polypharmacy and with
higher prevalence of symptomatic drugs use among residents (18).
Further, drug patterns are different among frail and non-frail persons,
with the latter showing higher prevalence of disease-modifying drugs,
while frail patients show lower prevalence of drugs related to adverse
health-outcomes (18).

Frailty is associated with short-term mortality also in older
people without multimorbidity (29) and disability, rather than
multimorbidity, has been shown to be predictive of death in older
adults (30, 31). It is possible that, in our sample of complex older
NH residents, frailty is one of the main determinant of negative
outcomes including death while, in participants without frailty, the
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TABLE 3 Predictors of 1-year mortality stratified by frailty and disability status.

10.3389/fmed.2023.1091246

Variables Frail Non-frail Disabled Non-disabled
Adj. HR (95% CI) Adj. HR (95% CI) Adj. HR (95% ClI) Adj. HR (95% CI)
Multimorbidity 1.02 (0.81-1.28) 1.34 (1.01-1.82) 1.37 (0.90-2.09) 1.10 (0.90-1.35)
Number of drugs
0-4: no polypharmacy 1 1 1 1
5-9: polypharmacy 1.14 (0.91-1.43) 1.08 (0.77-1.52) 1.02 (0.64-1.64) 1.09 (0.89-1.34)
>10: hyperpolypharmacy 1.29 (0.96-1.89) 1.61 (1.09-2.40) 118 (0.86-1.80) 1.31 (0.98-1.74)
Adjusted for demographics, Cognitive Performance Scale, facilities are the shared frailty.
A Cox regression for dependent patients B Cox regression for Non-dependent patients
1o} Polypharmacy o] Polypharmacy
_r1 0-4 drugs 1 0-4 drugs
_r1 5-9 drugs — 5-9 drugs
1 10+ drugs —1 10+ drugs
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FIGURE 1
Risk of death according to polypharmacy status, stratified by disability. (A) Dependent. (B) Non-dependent.
A Cox regression for Frail patients B Cox regression for Non-Frail patients
b Polypharmacy 107 Polypharmacy
_r 0-4 drugs —1 0-4 drugs
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FIGURE 2
Risk of death according to polypharmacy status, stratified by frailty. (A) Frail. (B) Non-frail.
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comorbidities and the related treatment burden have an impact on
prognosis. The effect of these conditions could the be flattened by
the presence of frailty and the association between polypharmacy and
mortality only becomes evident only in absence of frailty.

Future research is needed to replicate our findings and identify
mechanisms behind the results (25-28). Indeed, it is important to
assess the specific vulnerability and characteristics of nursing home
residents to verify why there is a different mortality risk associated
with frailty and polypharmacy in this population. It may also be
relevant to assess how the interplay between these variables differs in
younger individuals; frailty is a predictor of mortality also in younger
adults (aged 37-73) (32) and is associated with multimorbidity
even at these ages. Further, it may be of interest to assess whether
interventions such a deprescribing or geriatric cognitive assessment
can modify frailty or polypharmacy and alter subsequent risk of
death, both in frail and non-frail individuals. Within frail individuals,
a systematic review concluded that deprescribing could be safe,
feasible, well tolerated and can lead to important benefits (33).
However, evidence is still conflicting on whether desprescribing will
have any effect on mortality as well as several factors are involved into
the deprescribing process (34). A STOPPFrail-guided deprescribing
plan in older nursing home residents with frailty and polypharmacy
was successful in reducing polypharmacy but did not affect mortality,
although the study may not have been sufficiently powered to
assess this (35). As our study found higher mortality associated
with hyperpolypharmacy in non-frail individuals, the question is
whether deprescribing should be prioritized in individual’s without
frailty. One study comparing nursing home and home-based settings
reported that nursing homes provide a highly suitable scenario to
carry out a periodic medication review as it is more feasible to apply
the review recommendations (36). Polypharmacy is also related to
other relevant outcomes in older adults including quality of life.
Appropriate deprescribing interventions should be then promoted in
the older population, regardless of the frailty status (37).

On the other hand, NHs resident could ondergo other
interventions in order to ameliorate their health outcomes, besides
deprescribing. That is why it is worth it to thoroughfully
assess nursing home patients both with and without frailty: one
randomized control study found that an outpatient intervention with
Comprehensive Geriatric Assessment (CGA) may both delay the
progression of frailty and may contribute to the improvement of frail
patients in older persons with multimorbidity (38). A CGA should
also assess emotional wellbeing that is strongly associated with frailty
(39). Moreover, multidimensional interventions in geriatric settings
are likely to be effective in the care of hospitalized frail elderly (40).

Strengths and limitations

In the current study we defined frailty with the FRAIL-NH,
although there are a large range of definitions and tools in the
literature (41). FRAIL-NH has demonstrated good agreement with
other well-established but more complex frailty scales and has a
value for guiding care for frail residents in nursing homes (40). A
major limitation is that frailty status was dichotomized, so prefrail
status was not evaluated, which may have been of interest. Another
limitation is that drug use was measured with InterRAI-LCTE which
is not a tool specifically focused on medications. We recorded only
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medications used within the previous 3 days, which may affect the
accuracy of the polypharmacy and hyperpolypharmacy variables.
Moreover, other health-related outcomes that could benefit from
pharmacological assessment (i.e., deprescribing) were not evaluated
in the study. Further, the data come from 2009 to 2011 and the
sample was not meant to be nationally representative, so care should
be taken before generalizing the results to nursing home residents
today in different countries. A strength of our study was the follow-
up collection of mortality data but we were, unfortunately, not
able to assess cause of death. The InterRAI-LCTF data collection at
baseline also only looked at one point in time and it is possible that
frailty, multimorbidity, and polypharmacy status changed over the
follow-up time.

Conclusions and implications

In conclusion, among nursing home residents in the SHELTER
study multimorbidity and polypharmacy increased the risk of
death only in people without frailty. This may be relevant for
planning which vulnerable older people should be targeting
for deprescription. However, more research is needed to verify
whether these findings are replicated in other health care
settings and to identify the mechanisms behind the difference
in the risk of negative health outcomes and death according to
frailty status.

Data availability statement

All data generated or analyzed during this study are included in
this article. Further enquiries can be directed to the corresponding
author. Requests to access these datasets should be directed
to graziano.onder@unicatt.it.

Ethics statement

The  studies involving human  participants  were
reviewed and approved by Ethical Committee of the
Catholic ~ Unviersity of the Sacred Heart, approval
number P/220/CE/2009. The patients/participants
provided their written informed consent to participate in
this study.

Author contributions

Study concept and design: EV and RL. Acquisition of data: GO.
Analysis and interpretation of data: EV, RL, and KP. Preparation of
the manuscript: MZ, EV, KP, and RL. Revision of the manuscript: LS,
AC, DFi, MD, DFu, and MC. All authors contributed to the article
and approved the submitted version.

Funding

The SHELTER study, but not the present study, was supported by
the EU 7th Framework Programme (16).

frontiersin.org


https://doi.org/10.3389/fmed.2023.1091246
mailto:graziano.onder@unicatt.it
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Zazzara et al.

Acknowledgments

Research works of DFi supported

Institutional Program Cooperation at the Faculty of Pharmacy,

were also by the

Charles University.

Conflict of interest

The authors declare that the research was conducted in

the absence of any commercial or financial relationships

References

1. Cesari M, Calvani R, Marzetti E. Frailty in older persons. Clin Geriat Med. (2017)
33:293-303. doi: 10.1016/j.cger.2017.02.002

2. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. Frailty
in older adults: evidence for a phenotype. ] Gerontol Ser A Biol Sci Med Sci. (2001)
56:M146-56. doi: 10.1093/gerona/56.3.M146

3. Kojima G. Frailty as a predictor of fractures among
dwelling older people: a systematic review and meta-analysis. Bone.
90:116-22. doi: 10.1016/j.bone.2016.06.009

community-
(2016)

4. Kojima G. Frailty as a predictor of hospitalisation among community-dwelling
older people: a systematic review and meta-analysis. ] Epidemiol Commun Health. (2016)
70:722-9. doi: 10.1136/jech-2015-206978

5. Kojima G. Frailty as a predictor of disabilities among community-dwelling
older people: a systematic review and meta-analysis. Disabil Rehabil. (2017) 39:1897—
908. doi: 10.1080/09638288.2016.1212282

6. Vetrano DL, Palmer K, Marengoni A, Marzetti E, Lattanzio E, Roller-Wirnsberger R,
et al. Frailty and multimorbidity: a systematic review and meta-analysis. ] Gerontol Ser A
Biol Sci Med Sci. (2019) 74:659-66. doi: 10.1093/gerona/gly110

7. Lam JYJ, Barras M, Scott IA, Long D, Shafiee Hanjani L, Falconer N. Scoping review
of studies evaluating frailty and its association with medication harm. Drugs Aging. (2022)
39:333-53. doi: 10.1007/540266-022-00940-3

8. Kojima G, lliffe S, Walters K. Frailty index as a predictor of mortality: a
systematic review and meta-analysis. Age Ageing. (2018) 47:193-200. doi: 10.1093/agein
g/afx162

9. de Breij S, Rijnhart JJM, Schuster NA, Rietman ML, Peters M]JL,
Hoogendijk EO. Explaining the association between frailty and mortality in
older adults: the mediating role of lifestyle, social, psychological, cognitive, and
physical factors. Prevent Med Rep. (2021) 24:101589. doi: 10.1016/j.pmedr.20
21.101589

10. Palmer K, Villani ER, Vetrano DL, Cherubini A, Cruz-Jentoft AJ,
Curtin D, et al. Association of polypharmacy and hyperpolypharmacy with
frailty states: a systematic review and meta-analysis. Eur Geriat Med. (2019)
10:9-36. doi: 10.1007/s41999-018-0124-5

11. Kojima G. Frailty as a predictor of nursing home placement among community-
dwelling older adults: a systematic review and meta-analysis. ] Geriat Phys Therapy. (2018)
41:42-8. doi: 10.1519/JPT.0000000000000097

12. Kojima G. Prevalence of frailty in nursing homes: a systematic review and meta-
analysis. ] Am Med Direct Assoc. (2015) 16:940-5. doi: 10.1016/j.jamda.2015.06.025

13. Furtado GE, Letieri R, Caldo A, Patricio M, Loureiro M, Hogervorst E, et al. The role
of physical frailty independent components on increased disabilities in institutionalized
older women. Transl Med. (2019) 19:17-26. doi: 10.14273/unisa-2728

14. Curtin D, O’'Mahony D, Gallagher P. Drug consumption and futile medication
prescribing in the last year of life: an observational study. Age Ageing. (2018) 47:749—
53. doi: 10.1093/ageing/afy054

15. van Dam CS, Labuschagne HA, van Keulen K, Kramers C, Kleipool EE,
Hoogendijk EO, et al. Polypharmacy, comorbidity and frailty: a complex interplay
in older patients at the emergency department. Eur Geriat Med. (2022) 13:849-
57. doi: 10.1007/s41999-022-00664-y

16. Onder G, Carpenter I, Finne-Soveri H, Gindin J, Frijters D, Henrard JC,
et al. Assessment of nursing home residents in Europe: the services and health
for elderly in long TERm care (SHELTER) study. BMC Health Serv Res. (2012)
12:5. doi: 10.1186/1472-6963-12-5

17. Kaehr E, Visvanathan R, Malmstrom TK, Morley JE. Frailty in
nursing homes: the FRAIL-NH scale. | Am Med Direct Assoc. (2015)
16:87-9. doi: 10.1016/j.jamda.2014.12.002

18. Villani ER, Vetrano DL, Liperoti R, Palmer K, Denkinger M, van der
Roest HG, et al. Relationship between frailty and drug use among nursing homes

Frontiers in Medicine

10.3389/fmed.2023.1091246

that could be construed as a conflict

of interest.

potential

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers.
Any product that may be evaluated in this article, or claim that may
be made by its manufacturer, is not guaranteed or endorsed by the
publisher.

residents: results from the SHELTER study. Aging Clin Exp Res. (2021) 33:2839-
47. doi: 10.1007/s40520-021-01797-2z

19. Morris JN, Fries BE, Morris SA. Scaling ADLs within the MDS. ] Gerontol Ser A Biol
Sci Med Sci. (1999) 54:M546-53.

20. Vetrano DL, Villani ER, Grande G, Giovannini S, Cipriani MC, Manes-Gravina
E, et al. Association of polypharmacy with 1-year trajectories of cognitive and physical
function in nursing home residents: results from a multicenter european study. J Am Med
Direct Assoc. (2018) 19:710-3. doi: 10.1016/j.jamda.2018.04.008

21. Morris N, Fries BE, Mehr DR, Hawes C, Phillips C, Mor V, et al. MDS cognitive
performance scale. J Gerontol. (1994) 49:M174-82.

22. Burrows AB, Morris JN, Simon SE, Hirdes JP, Phillips C. Development of a
minimum data set-based depression rating scale for use in nursing homes. Age Ageing.
(2000) 29:165-72. doi: 10.1093/ageing/29.2.165

23. Calderén-Larranaga A, Vetrano DL, Ferrucci L, Mercer SW, Marengoni A, Onder
G, et al. Multimorbidity and functional impairment-bidirectional interplay, synergistic
effects and common pathways. J Intern Med. (2019) 285:255-71. doi: 10.1111/joim.12843

24. Austin PC. A tutorial on multilevel survival analysis: methods, models
and applications. Int Stat Rev Revue Internationale de Statistique. (2017) 85:185-
203. doi: 10.1111/insr.12214

25. Midéo L, Brochado P, Almada M, Duarte M, Paul C, Costa E. Frailty status and
polypharmacy predict all-cause mortality in community dwelling older adults in Europe.
Int ] Environ Res Public Health. (2021) 18:3580. doi: 10.3390/ijerph18073580

26. Herr M, Robine JM, Pinot ], Arvieu JJ, Ankri J. Polypharmacy and frailty:
prevalence, relationship, and impact on mortality in a French sample of 2350 old people.
Pharmacoepidemiol Drug Saf. (2015) 24:637-46. doi: 10.1002/pds.3772

27. Hanlon P, Nicholl BI, Jani BD, Lee D, McQueenie R, Mair FS. Frailty and pre-frailty
in middle-aged and older adults and its association with multimorbidity and mortality:
a prospective analysis of 493737 UK Biobank participants. Lancet Public Health. (2018)
3:e323-€32. doi: 10.1016/52468-2667(18)30091-4

28. Bonaga B, Sanchez-Jurado PM, Martinez-Reig M, Ariza G, Rodriguez-Manas
L, Gnjidic D, et al. Frailty, polypharmacy, and health outcomes in older adults: the
frailty and dependence in albacete study. ] Am Med Direct Assoc. (2018) 19:46-
52. doi: 10.1016/j.jamda.2017.07.008

29. Zucchelli A, Vetrano DL, Marengoni A, Grande G, Romanelli G, Calderén-
Larranaga A, et al. Frailty predicts short-term survival even in older adults without
multimorbidity. Eur ] Intern Med. (2018) 56:53-6. doi: 10.1016/j.¢jim.2018.06.012

30. Ritt M, Ritt JI, Sieber CC, Gaflimann KG. Comparing the predictive
accuracy of frailty, comorbidity, and disability for mortality: a 1-year follow-up
in patients hospitalized in geriatric wards. Clin Intervent Aging. (2017) 12:293-
304. doi: 10.2147/CIA.S124342

31. Villani ER, Vetrano DL, Franza L, Carfi A, Brandi V, Volpato S, et al. Physical
performance measures and hospital outcomes among Italian older adults: results from the
CRIME project. Aging Clin Exp Res. (2021) 33:319-27. doi: 10.1007/s40520-020-01691-0

32. Ibrahim K, Cox NJ, Stevenson JM, Lim S, Fraser SDS, Roberts HC, et al. systematic
review of the evidence for deprescribing interventions among older people living with
frailty. BMC Geriat. (2021) 21:258. doi: 10.1186/s12877-021-02208-8

33. Curtin D, Jennings E, Daunt R, Curtin S, Randles M, Gallagher P, et al.
Deprescribing in older people approaching end of life: a randomized controlled
trial using STOPPFrail criteria. ] Am Geriat Soc. (2020) 68:762-9. doi: 10.1111/jgs.
16278

34. Onder G, Vetrano DL, Villani ER, Carfi A, Lo Monaco MR, Cipriani MC,
et al. Deprescribing in nursing home residents on polypharmacy: incidence and
associated factors. ] Am Med Direct Assoc. (2019) 20:1116-20. doi: 10.1016/j.jamda.2019.
01.130

35. Molist-Brunet N, Sevilla-Sanchez D, Puigoriol-Juvanteny E, Bajo-Pefias L,
Cantizano-Baldo I, Cabanas-Collell L, et al. Individualized medication review in

frontiersin.org


https://doi.org/10.3389/fmed.2023.1091246
https://doi.org/10.1016/j.cger.2017.02.002
https://doi.org/10.1093/gerona/56.3.M146
https://doi.org/10.1016/j.bone.2016.06.009
https://doi.org/10.1136/jech-2015-206978
https://doi.org/10.1080/09638288.2016.1212282
https://doi.org/10.1093/gerona/gly110
https://doi.org/10.1007/s40266-022-00940-3
https://doi.org/10.1093/ageing/afx162
https://doi.org/10.1016/j.pmedr.2021.101589
https://doi.org/10.1007/s41999-018-0124-5
https://doi.org/10.1519/JPT.0000000000000097
https://doi.org/10.1016/j.jamda.2015.06.025
https://doi.org/10.14273/unisa-2728
https://doi.org/10.1093/ageing/afy054
https://doi.org/10.1007/s41999-022-00664-y
https://doi.org/10.1186/1472-6963-12-5
https://doi.org/10.1016/j.jamda.2014.12.002
https://doi.org/10.1007/s40520-021-01797-z
https://doi.org/10.1016/j.jamda.2018.04.008
https://doi.org/10.1093/ageing/29.2.165
https://doi.org/10.1111/joim.12843
https://doi.org/10.1111/insr.12214
https://doi.org/10.3390/ijerph18073580
https://doi.org/10.1002/pds.3772
https://doi.org/10.1016/S2468-2667(18)30091-4
https://doi.org/10.1016/j.jamda.2017.07.008
https://doi.org/10.1016/j.ejim.2018.06.012
https://doi.org/10.2147/CIA.S124342
https://doi.org/10.1007/s40520-020-01691-0
https://doi.org/10.1186/s12877-021-02208-8
https://doi.org/10.1111/jgs.16278
https://doi.org/10.1016/j.jamda.2019.01.130
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Zazzara et al.

older people with multimorbidity: a comparative analysis between patients living
at home and in a nursing home. Int ] Environ Res Public Health. (2022)
19:3423. doi: 10.3390/ijerph19063423

36. Mazya AL, Garvin P, Ekdahl AW. Outpatient comprehensive geriatric assessment:
effects on frailty and mortality in old people with multimorbidity and high health
care utilization. Aging Clin Exp Res. (2019) 31:519-25. doi: 10.1007/s40520-018-
1004-z

37. Bloomfield HE, Greer N, Linsky AM, Bolduc ], Naidl T, Vardeny O, et al.
Deprescribing for community-dwelling older adults: a systematic review and meta-
analysis. ] Gen Intern Med. (2020) 35:3323-32. doi: 10.1007/s11606-020-06089-2

38. Rezaei-Shahsavarloo Z, Atashzadeh-Shoorideh F Gobbens R]J, Ebadi A,
Ghaedamini Harouni G. The impact of interventions on management of frailty in

Frontiersin Medicine

08

10.3389/fmed.2023.1091246

hospitalized frail older adults: a systematic review and meta-analysis. BMC Geriatr. (2020)
20:526. doi: 10.1186/s12877-020-01935-8

39. Furtado GE, Caldo A, Vieira-Pedrosa A, Letieri RV, Hogervorst E, Teixeira
AM, et al. Emotional well-being and cognitive function have robust relationship
with physical frailty in institutionalized older women. Front Psychol. (2020)
11:1568. doi: 10.3389/fpsyg.2020.01568

40. Liau §J, Lalic S, Visvanathan R, Dowd LA, Bell JS. The FRAIL-NH scale: systematic
review of the use, validity and adaptations for frailty screening in nursing homes. J Nutr
Health Aging. (2021) 25:1205-16. doi: 10.1007/s12603-021-1694-3

41. Sobhani A, Fadayevatan R, Sharifi F, Kamrani AA, Ejtahed HS, Hosseini RS, et al.
The conceptual and practical definitions of frailty in older adults: a systematic review. J
Diabet Metab Disord. (2021) 20:1975-2013. doi: 10.1007/s40200-021-00897-x

frontiersin.org


https://doi.org/10.3389/fmed.2023.1091246
https://doi.org/10.3390/ijerph19063423
https://doi.org/10.1007/s40520-018-1004-z
https://doi.org/10.1007/s11606-020-06089-2
https://doi.org/10.1186/s12877-020-01935-8
https://doi.org/10.3389/fpsyg.2020.01568
https://doi.org/10.1007/s12603-021-1694-3
https://doi.org/10.1007/s40200-021-00897-x
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

	Frailty modifies the effect of polypharmacy and multimorbidity on the risk of death among nursing home residents: Results from the SHELTER study
	Introduction
	Methods
	Study design
	Study participants
	Statement of ethics
	Frailty assessment
	Disability assessment
	Medications and polypharmacy
	Covariates
	Mortality
	Statistical analysis

	Results
	Discussion
	Strengths and limitations

	Conclusions and implications
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


