PRE-PROOF PRE-PROOF

Original Research
Fall Risk and Medication Use Near End of Life Among Adults With Chronic Obstructive
Pulmonary Disease

Cara L. McDermott, PharmD, PhD!? Laura C. Feemster, MD, MS** Ruth A. Engelberg, PhD?
Laura J. Spece, MD, MS** Lucas M. Donovan, MD, MS>* J. Randall Curtis, MD, MPH?"

'Division of Geriatrics, Department of Medicine, Duke University School of Medicine, Durham,
North Carolina, United States

2Department of Population Health Sciences, Duke University School of Medicine, Durham,
North Carolina, United States

3Division of Pulmonary, Critical Care and Sleep Medicine, University of Washington, Seattle,
Washington, United States

“Health Systems Research, Department of Veterans Affairs Puget Sound Health Care System,
Seattle, Washington, United States

Tdeceased

Address correspondence to:

Cara L. McDermott, PharmD, PhD
Box 3003, DUMC

Division of Geriatrics

Durham, NC 27710

Phone: (919) 660-8386

Email: cara.mcdermott@duke.edu

Running Head: Falls and Medications Among Patients With COPD
Keywords: COPD; falls; medication; end of life; care delivery

Abbreviations: COPD=chronic obstructive pulmonary disease, FRID=fall risk increasing drug,
OR=0dds ratio, CI=confidence interval, EHR=e¢lectronic health record, ICD=International
Classification of Disease, SSRI=selective serotonin reuptake inhibitor, SNRI=serotonin
norepinephrine reuptake inhibitor, SD=standard deviation

Funding Support. Grant support provided by NIH/NHLBI K23 HL.159239 (CLM), Cambia
Foundation (RAE, JRC), American Lung Association (LCF), PCORI (LCF, LD), and the
Department of Veterans Affairs (LCF, LJS, LD).

Date of Acceptance: October 21, 2024 | Publication Online Date: October 25, 2024

Citation: McDermott CL, Feemster LC, Engelberg RA, Spece LJ, Donovan LM, Curtis JR. Fall
risk and medication use near end of life among adults with chronic obstructive pulmonary

disease. Chronic Obstr Pulm Dis. 2024; Published online October 25, 2024.

This article has an online supplement.

Copyright ©2024
Published online October 25, 2024 https://doi.org/10.15326/jcopdf.2024.0551



https://journal.copdfoundation.org/
https://journal.copdfoundation.org/
https://doi.org/10.15326/jcopdf.2024.0551
https://journal.copdfoundation.org/Portals/0/JCOPDF/Files/Volume11-Issue6/JCOPDF-2024-0551-OnlineSupplement.pdf

PRE-PROOF PRE-PROOF

Abstract

Background:

Falls are frequent among people with chronic obstructive pulmonary disease (COPD) and
associated with increased morbidity, mortality, and healthcare costs. Understanding modifiable
medication factors that contribute to fall risk is an important step to developing fall prevention

strategies for this highly susceptible group.

Methods:

This is a retrospective cohort study using electronic health record data from a single health
system linked to Washington State death certificates of adults ages 40 or older who died between
2014-2018 with COPD. We identified demographics, comorbidities, fall-risk increasing drug
(FRID) burden, and the occurrence of injurious falls within the 2 years prior to the date of death.
We defined injurious falls using published algorithms of International Classification of Disease

codes.

Results:

Of 8204 decedents with COPD, 2454 (30%) had an injurious fall in the two years before death,
and FRID use was common among 65%. A higher percentage of patients with falls received
prescriptions for anticonvulsants (35% vs 26%), antipsychotics (24% vs 13%), atypical
antidepressants (28% vs 19%), tricyclic antidepressants (10% vs 5%) versus those without a fall.
In multivariable logistic regression, after adjusting for confounders, FRID burden was associated
with greater odds of injurious fall (odds ratio (OR) 1.07 (95% confidence interval (CI) 1.04-

1.09).

Conclusion:
Our findings highlight an opportunity for collaboration between pharmacists, pulmonologists,
and patients to develop new processes to potentially deprescribe and optimize the use of FRIDs

among patients with COPD to increase safety.
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Introduction

Patients with chronic obstructive pulmonary disease (COPD) are significantly more likely
to experience a fall compared to patients without COPD,(1-4) with increased fall risk due to
increased frailty,(5) impaired gait,(2) and tripping hazards from oxygen tubing.(6) Falls and
resulting injuries such as fractures can result in emergency department visits or hospitalizations,
which lower patient quality of life and increase healthcare costs.(7-10) Despite COPD being the
sixth most common cause of death in the United States, little is known about falls among these
patients near the end of life.(11)

One modifiable risk factor for falls is medication use, including fall-risk increasing drugs
(FRIDs) such as benzodiazepines, sedative-hypnotics, antihypertensives, and other psychoactive
agents.(12) Patients with COPD have a high prevalence of comorbidities for which FRIDs are
often used as treatment, including anxiety, depression, diabetes, and hypertension. The burden of
polypharmacy also increases as patients’ function declines, and they receive additional
medications for insomnia and pain.(13-15)

While these medications are intended to alleviate patient symptoms, they also increase
the risk of injurious falls.(16-20) Reducing FRID burden represents an opportunity to improve
patient outcomes. While previous work has found an association between polypharmacy and
increased fall risk, (21) FRID burden among patients with COPD, and the relationship between
FRID burden and fall risk has not been previously described. FRID use among patients with
COPD is of particular concern given the large number of FRID indications (e.g. anxiety,
insomnia, dyspnea) among patients with COPD.

We conducted a retrospective cohort study in the University of Washington (UW)
Medicine system, which is the largest public health system in the Puget Sound area. It includes
an academic medical center, a county safety-net hospital, and two community hospitals, plus
outpatient clinics. With these data, we evaluated the association between FRID use and injurious
falls in the last two years of life among decedents with COPD. As FRID exposure by class is not
well described among patients with COPD, we describe the frequency of FRID prescriptions for
different classes of FRIDs in this cohort (e.g. benzodiazepines, sedative hypnotics, tricyclic
antidepressants), comparing the frequency of FRID prescriptions among patients with COPD

who experienced an injurious fall to patients with COPD without an injurious fall. We included
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anti-convulsants for patients without comorbid seizure disorder. Our hypothesis is that among

patients with COPD, injurious falls are associated with FRID burden.

Methods
Study Design and Population

For this study we used a linked database between Washington State death certificates to
the electronic health record (EHR) of the UW Medicine system to evaluate patterns of care for
adults with serious illness. The goal of study was to identify factors associated with an increased
risk of injurious falls for adults with COPD who died from any cause between 2014-2018. COPD
was defined using International Classification of Disease (ICD) codes, specifically ICD-9-CM
491.xx, 492 .xx, or 496, and ICD-10-CM J41, J42, J43, J44. Patients had to have at least two

codes assigned to be classified as having COPD.

Exposure and Outcome

Primary exposure of interest: We identified the presence or absence of prescriptions for

FRIDs in the EHR and grouped medications by class. (18, 22, 23) These medication classes
included anticonvulsants, antihypertensives, antipsychotics, antispasmodics, atypical
antidepressants (e.g. bupropion, mirtazapine), benzodiazepines, opioids, sedative-hypnotics,
selective serotonin reuptake inhibitors (SSRIs), serotonin norepinephrine reuptake inhibitors
(SNRIs), plus tricyclic and tetracyclic antidepressants. Medications were identified using brand or
generic name in the EHR (full list available in Supplemental Table 1). Patients with a prescription
for a FRID of any duration were categorized as exposed to the medication, and we reported the
total number of FRID prescriptions per patient by class (i.e. “FRID burden”).

Primary Outcome: We identified an injurious fall using ICD-9 code V15.88 and ICD-10

code Z91.81.(24) Our outcome is documentation of an injurious fall requiring medical attention,
drawn from previously published algorithms and defined as emergency department visits,
hospitalizations, and outpatient visits with a fall-related diagnosis and with a code for: brain
injury; contusion; dislocation of the hip, jaw, knee, shoulder, wrist; non-pathological fracture of
the skull, face, spine, clavicle, ribs, humerus, wrist, pelvis, hip, fibula, tibia, foot or ankle.(24,
25) We excluded visits for a motor vehicle collision.(26) The full list of ICD codes is available in

Supplemental Table 2.
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Adjustment confounders

The following confounders were selected based on prior data suggesting an association
with risks of fall: (27-30) comorbidities, race (previously self-reported), level of education
(completed some college or higher), and marital status (married or not married at the time of
death) from the Washington State death certificates; age, sex, and insurance status (private,
Medicare, Medicaid, other) were identified from the EHR.

Using an adaptation of the Dartmouth Atlas criteria for serious illness, we identified
comorbidities and fall history from the EHR using ICD codes versions 9 or 10, using ICD-10
codes for diagnoses after 2015.(31) In addition, all patients could have an additional
comorbidity as defined by the Dartmouth Atlas (31): advanced renal disease, coronary artery
disease, dementia, diabetes with end organ damage, end-stage liver disease, heart failure,
pulmonary disease other than COPD (e.g. idiopathic pulmonary fibrosis), peripheral vascular
disease, poor prognosis cancer (e.g. metastatic solid tumor or aggressive hematologic
malignancy such as acute myeloid leukemia).(31) Together, these conditions comprise the most
common causes of death in America, excluding suicide, accidents and infections.(32)

We refined and updated these codes through continuous quality improvement, using the
general equivalency maps provided by the Centers for Medicare and Medicaid Services(33) in
addition to manual review by two clinicians to resolve any potential discrepancies in mapping
codes to conditions. Each comorbidity was assessed separately rather than using a summed
comorbidity score. Since comorbidity prevalence varies among patients with COPD, this
afforded us the opportunity to illustrate the comorbidity patterns in this population. We used ICD
codes to identify the presence of comorbidities. Unfortunately, ICD codes do not indicate

condition severity, thus we assigned all comorbidities equal weight.

Statistical analysis

We describe the study population by comorbidities including fall history, demographics,
and FRID prescriptions for those with and without an injurious fall, using a t-test to examine
differences in FRID prescription type between groups at 95% significance. Using multivariable
logistic regression in a single model, we examined the association of FRID burden with the

outcome of injurious fall, dichotomized as a binary variable of 0 (none) or 1 (1 fall or more),
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while adjusting for demographic characteristics, types of comorbidities, fall history, and FRID
burden, defined as number of FRID prescriptions for different FRID classes. The University of
Washington Institutional Review Board approved this study and issued a waiver of consent to
access decedent records in accordance with Washington State law. We performed all analyses

using Stata version 16.0 (College Station, TX).

Results

We identified 8,204 decedents with COPD, and of these patients, 2,454 (30%) had an
injurious fall. Patients with COPD and an injurious fall were more likely to be Black, unmarried,
and enrolled in Medicaid, while those without an injurious fall more frequently had private
insurance and at least some college-level education. (Table 1) A history of falling was markedly
higher among patients experiencing an injurious fall compared to those without a fall (23% vs
4%). Patients with COPD who had an injurious fall also had more comorbidities compared to
those with COPD who did not fall (Table 2). The average number of comorbidities was 2.81
(standard deviation (SD) 1.80) among those with an injurious fall versus 2.46 (SD 1.56) for those
without a fall. The only comorbidity that occurred more frequently among those without an
injurious fall was cancer (26% among patients who fell vs 35% with no fall).

In multivariate logistic regression, FRID prescription was associated with a higher risk of
injurious falls (odds ratio (OR) 1.07 (95% confidence interval (CI) 1.04-1.09). FRID burden was
higher among patients with an injurious fall, with a mean of 3.47 prescriptions across FRID
classes (SD 2.66) whereas those without an injurious fall had an average FRID burden of 2.85
FRIDs (SD 2.24) (Table 3). Across both groups, the most prescribed FRID classes were
antihypertensives, opioids and benzodiazepines. Comparing patients with an injurious fall to
those without, the largest differences in prescriptions were noted for anticonvulsants (35% vs
26%), antipsychotics (24% vs 13%), atypical antidepressants (28% vs 19%), tricyclic
antidepressants (10% vs 5%) and SSRIs (27% vs 20%). Across all medication classes, FRID use
was statistically higher (p<0.05) among those with an injurious fall compared to those without a

fall, except for antihypertensives (p=0.52).

Discussion
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We found that FRID burden was associated with a higher risk of falls, after adjusting for
demographic and clinical conditions. With this analysis we provide additional information on
which medication classes could be targeted by interventions to mitigate fall risk and improve
patient outcomes.

In situations of polypharmacys, it can be difficult to decide which medications should be
prioritized for dose reduction or discontinuation. We note that the most prescribed FRID class
among all patients with COPD was antihypertensives. While the difference between the two
groups with falls was not statistically significant, this still may be an area to consider
deprescribing and/or dose reductions for patients with COPD, especially for those with episodes
of orthostatic hypotension, well-controlled blood pressure, or limited life expectancy. In a
previous study of older adults that explored ways to address medication-related symptoms,
patients with COPD were more likely to prioritize reduction of fall injuries compared to
reduction of cardiovascular events.(34)

The second and third most common FRID classes in our analysis were opioids and
benzodiazepines. These medications can be prescribed as palliation to relieve breathlessness or
anxiety among patients with COPD.(35, 36) While such medications are appropriate in this
context, additional fall mitigation options should be considered. We noted that patients with falls
were more likely to receive anticonvulsants, antipsychotics, atypical antidepressants, tricyclic
antidepressants, and SSRIs. These medications are often used for pain, insomnia, and depression;
nonpharmacological options could perhaps reduce some medication use and thus lower fall risk.

Finally, dementia was a more common comorbidity among those with a fall compared to
those who did not fall. This finding aligns with other studies that have found patients living with
dementia are two to three times more likely to fall compared to patients without dementia,(37,
38) since gait control is negatively impacted when cognition is reduced. When possible, non-
pharmacological alternatives to FRIDs, or using the lowest FRID dose possible for the shortest
duration should be encouraged for patients living with both COPD and dementia.

There are limitations to this study. First, patients may have received care for falls in other
healthcare systems, but these data were not available to us as we relied on one EHR, a known
limitation of EHR-based studies.(39) We relied on ICD-9 and ICD-10 coding to determine the
presence of comorbidities but these codes do not provide information as to condition severity,

which may confound fall risk. We had access to medication orders rather than pharmacy claims
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that implied a prescription was filled. It is possible that patients did not take the prescribed
medications or did not fill the prescriptions; additionally, we have no information on over-the-
counter FRIDs such as diphenhydramine that patients may have taken. Finally, we do not have
information about COPD severity/exacerbation history or home oxygen use, both of which are
associated with falls.

Medication management is an area where pharmacist collaborations with pulmonologists
and primary care providers can personalize care to reduce fall risk when engaging in shared
decision making and fall risk mitigation. Our study suggests that additional screening regarding
medication use and collaboration across disciplines (e.g. pulmonary, primary care, cardiology,

palliative care) may help mitigate fall risk while managing symptoms and comorbidities.

Copyright ©2024
Published online October 25, 2024 https://doi.org/10.15326/jcopdf.2024.0551



https://journal.copdfoundation.org/
https://journal.copdfoundation.org/
https://doi.org/10.15326/jcopdf.2024.0551

PRE-PROOF PRE-PROOF

Declaration of Interest

1)

2)

3)

4)

5)

6)

Cara L. McDermott reports grant funding from NIH/NHLBI. She is a consultant for the
non-profit Biologics and Biosimilars Collective Intelligence Consortium and received
honoraria from the University of Utah in 2023 for speaking at two departmental seminars.
Laura C. Feemster received grant support from PCORI, the American Lung Association,
the Department of Veterans Affairs Health Systems Research, and NIH/NHLBI. She has
received travel funding from the American Thoracic Society to attend leadership
meetings, and consultant fees from the Society of Hospital Medicine and the National
Quality Assurance Committee.

Ruth A. Engelberg received funding support from the Cambia Health Foundation.

Laura J. Spece reports grant support from NIH/NHLBI.

Lucas Donovan reports grant support from the Department of Veterans Affairs Health
Systems Research and PCORI, plus an honorarium from the American Academy of Sleep
Medicine as a CME speaker for the 2023 conference.

J. Randall Curtis received funding support from the Cambia Health Foundation.

Copyright ©2024

Published online October 25, 2024 https://doi.org/10.15326/jcopdf.2024.0551



https://journal.copdfoundation.org/
https://journal.copdfoundation.org/
https://doi.org/10.15326/jcopdf.2024.0551

PRE-PROOF PRE-PROOF

Acknowledgements

We appreciate the help of James Sibley with the creation of the database used for analysis.

Author participation and contributions:

1)

2)

3)

4)

5)

6)

Cara L. McDermott conceptualized the project, conducted formal analysis, obtained
funding, conducted the investigation, decided upon and executed study methodology,
administered the project, wrote the original draft, and reviewed/edited the final
manuscript version.

Laura C. Feemster helped contextualize results of the formal analysis, contributed to
study design/ methodology, co-wrote the original draft, and reviewed/edited the final
manuscript version.

Ruth A. Engelberg helped conceptualize the project, curated data, contributed to formal
analyses, obtained funding, co-conducted the investigation, decided upon and executed
study methodology, co-administered the project, co-wrote the original draft, and
reviewed/edited the final manuscript version.

Laura J. Spece contributed to formal analysis, contributed to study design/ methodology,
co-wrote the original draft, and reviewed/edited the final manuscript version.

Lucas Donovan contributed to study design/ methodology, co-wrote the original draft,
and reviewed/edited the final manuscript version.

J. Randall Curtis helped conceptualize the project, curated data, obtained funding, co-
conducted the investigation, contributed to study design, co-wrote the original draft, and

reviewed/edited the final manuscript version.

Copyright ©2024

Published online October 25, 2024 https://doi.org/10.15326/jcopdf.2024.0551



https://journal.copdfoundation.org/
https://journal.copdfoundation.org/
https://doi.org/10.15326/jcopdf.2024.0551

PRE-PROOF PRE-PROOF

References

1. Gazzotti MR, Roco CM, Pradella CO, Nascimento OA, Porto EF, Adas M, et al.
Frequency of Osteoporosis and Vertebral Fractures in Chronic Obstructive Pulmonary Disease
(COPD) Patients. Arch Bronconeumol. 2019;55(5):252-7. doi: 10.1016/j.arbres.2018.10.010.
PubMed PMID: 30541669.

2. Hakamy A, Bolton CE, Gibson JE, McKeever TM. Risk of fall in patients with COPD.
Thorax. 2018;73(11):1079-80. doi: 10.1136/thoraxjnl-2017-211008. PubMed PMID: 29563161.
3. Pereira A, Xavier RF, Lopes AC, da Silva C, Oliveira CC, Fernandes FLA, et al. The
Mini-Balance Evaluation System Test Can Predict Falls in Clinically Stable Outpatients With
COPD: A 12-MO PROSPECTIVE COHORT STUDY. J Cardiopulm Rehabil Prev.
2019;39(6):391-6. doi: 10.1097/HCR.0000000000000427. PubMed PMID: 31689266.

4, Oliveira CC, Lee AL, McGinley J, Thompson M, Irving LB, Anderson GP, et al. Falls by
individuals with chronic obstructive pulmonary disease: a preliminary 12-month prospective
cohort study. Respirology. 2015;20(7):1096-101. Epub 20150723. doi: 10.1111/resp.12600.
PubMed PMID: 26206432.

5. Gephine S, Mucci P, Grosbois JM, Maltais F, Saey D. Physical Frailty in COPD Patients
with Chronic Respiratory Failure. Int J Chron Obstruct Pulmon Dis. 2021;16:1381-92. Epub
2021/05/29. doi: 10.2147/COPD.S295885. PubMed PMID: 34045852; PubMed Central PMCID:
PMC8144849.

6. Wiener RS, Ouellette DR, Diamond E, Fan VS, Maurer JR, Mularski RA, et al. An
official American Thoracic Society/American College of Chest Physicians policy statement: the
Choosing Wisely top five list in adult pulmonary medicine. Chest. 2014;145(6):1383-91. Epub
2014/06/04. doi: 10.1378/chest.14-0670. PubMed PMID: 24889436; PubMed Central PMCID:
PMC4694177.

7. Choi NG, Choi BY, DiNitto DM, Marti CN, Kunik ME. Fall-related emergency
department visits and hospitalizations among community-dwelling older adults: examination of
health problems and injury characteristics. BMC Geriatr. 2019;19(1):303. doi: 10.1186/s12877-
019-1329-2. PubMed PMID: 31711437; PubMed Central PMCID: PMC6849272.

8. Marchini L, Allareddy V. Epidemiology of facial fractures among older adults: A
retrospective analysis of a nationwide emergency department database. Dent Traumatol.
2019;35(2):109-14. doi: 10.1111/edt.12459. PubMed PMID: 30548143.

0. Kragh Ekstam A, Elmstahl S. Do fall-risk-increasing drugs have an impact on mortality
in older hip fracture patients? A population-based cohort study. Clin Interv Aging. 2016;11:489-
96. doi: 10.2147/CIA.S101832. PubMed PMID: 27199553; PubMed Central PMCID:
PMC4857759.

10. Zia A, Kamaruzzaman SB, Tan MP. The consumption of two or more fall risk-increasing
drugs rather than polypharmacy is associated with falls. Geriatr Gerontol Int. 2017;17(3):463-70.
doi: 10.1111/ggi.12741. PubMed PMID: 26822931.

11.  XulJ, Murphy SL, Kochanek KD, Arias E. Mortality in the United States, 2021. NCHS
Data Brief. 2022(456):1-8. PubMed PMID: 36598387.

12. By the American Geriatrics Society Beers Criteria Update Expert P. American Geriatrics
Society 2023 updated AGS Beers Criteria(R) for potentially inappropriate medication use in
older adults. J Am Geriatr Soc. 2023;71(7):2052-81. Epub 20230504. doi: 10.1111/jgs.18372.
PubMed PMID: 37139824.

13. Pumar MI, Gray CR, Walsh JR, Yang IA, Rolls TA, Ward DL. Anxiety and depression-
Important psychological comorbidities of COPD. J Thorac Dis. 2014;6(11):1615-31. Epub
2014/12/06. doi: 10.3978/j.1ssn.2072-1439.2014.09.28. PubMed PMID: 25478202; PubMed
Central PMCID: PMC4255157.

14. Weiss A, Porter S, Rozenberg D, O'Connor E, Lee T, Balter M, et al. Chronic
Obstructive Pulmonary Disease: A palliative medicine review of the disease, its therapies and
drug interactions. J Pain Symptom Manage. 2020. doi: 10.1016/j.jpainsymman.2020.01.009.
PubMed PMID: 32004618.

15. Duncan I, Maxwell TL, Huynh N, Todd M. Polypharmacy, Medication Possession, and
Deprescribing of Potentially Non-Beneficial Drugs in Hospice Patients. Am J Hosp Palliat Care.
2020;37(12):1076-85. Epub 2020/07/15. doi: 10.1177/1049909120939091. PubMed PMID:
32662276.

16. Baillargeon J, Singh G, Kuo YF, Raji MA, Westra J, Sharma G. Association of Opioid
and Benzodiazepine Use with Adverse Respiratory Events in Older Adults with Chronic
Obstructive Pulmonary Disease. Ann Am Thorac Soc. 2019;16(10):1245-51. doi:
10.1513/AnnalsATS.201901-0240C. PubMed PMID: 31104504; PubMed Central PMCID:
PMC6812171.

Copyright ©2024
Published online October 25, 2024 https://doi.org/10.15326/jcopdf.2024.0551



https://journal.copdfoundation.org/
https://journal.copdfoundation.org/
https://doi.org/10.15326/jcopdf.2024.0551

PRE-PROOF PRE-PROOF

17. Donovan LM, Malte CA, Spece LJ, Griffith MF, Feemster LC, Zeliadt SB, et al. Center
Predictors of Long-Term Benzodiazepine Use in Chronic Obstructive Pulmonary Disease and
Post-traumatic Stress Disorder. Ann Am Thorac Soc. 2019;16(9):1151-7. doi:
10.1513/AnnalsATS.201901-0480C. PubMed PMID: 31113231; PubMed Central PMCID:
PMC6812159.

18. Seppala LJ, Wermelink A, de Vries M, Ploegmakers KJ, van de Glind EMM, Daams JG,
et al. Fall-Risk-Increasing Drugs: A Systematic Review and Meta-Analysis: II. Psychotropics. J
Am Med Dir Assoc. 2018;19(4):371 el1- el7. Epub 2018/02/07. doi:
10.1016/j.jamda.2017.12.098. PubMed PMID: 29402652.

19. Hart LA, Marcum ZA, Gray SL, Walker RL, Crane PK, Larson EB. The Association
Between Central Nervous System-Active Medication Use and Fall-Related Injury in
Community-Dwelling Older Adults with Dementia. Pharmacotherapy. 2019;39(5):530-43. doi:
10.1002/phar.2244. PubMed PMID: 30861179; PubMed Central PMCID: PMC6983303.

20. Aspinall SL, Springer SP, Zhao X, Cunningham FE, Thorpe CT, Semla TP, et al. Central
Nervous System Medication Burden and Risk of Recurrent Serious Falls and Hip Fractures in
Veterans Affairs Nursing Home Residents. ] Am Geriatr Soc. 2019;67(1):74-80. doi:
10.1111/3gs.15603. PubMed PMID: 30306541.

21. Roig M, Eng JJ, MacIntyre DL, Road JD, FitzGerald JM, Burns J, et al. Falls in people
with chronic obstructive pulmonary disease: an observational cohort study. Respir Med.
2011;105(3):461-9. doi: 10.1016/j.rmed.2010.08.015. PubMed PMID: 20869227; PubMed
Central PMCID: PMC3350813.

22. de Vries M, Seppala LJ, Daams JG, van de Glind EMM, Masud T, van der Velde N, et al.
Fall-Risk-Increasing Drugs: A Systematic Review and Meta-Analysis: 1. Cardiovascular Drugs. J
Am Med Dir Assoc. 2018;19(4):371 el- e9. Epub 2018/02/06. doi:
10.1016/j.jamda.2017.12.013. PubMed PMID: 29396189.

23. Seppala LJ, van de Glind EMM, Daams JG, Ploegmakers KJ, de Vries M, Wermelink A,
et al. Fall-Risk-Increasing Drugs: A Systematic Review and Meta-analysis: III. Others. J] Am
Med Dir Assoc. 2018;19(4):372 el- e8. Epub 2018/02/07. doi: 10.1016/j.jamda.2017.12.099.
PubMed PMID: 29402646.

24. Hoffman GJ, Hays RD, Shapiro MF, Wallace SP, Ettner SL. Claims-based Identification
Methods and the Cost of Fall-related Injuries Among US Older Adults. Med Care.
2016;54(7):664-71. doi: 10.1097/MLR.0000000000000531. PubMed PMID: 27057747; PubMed
Central PMCID: PMC4907826.

25. Min L, Tinetti M, Langa KM, Ha J, Alexander N, Hoffman GJ. Measurement of Fall
Injury With Health Care System Data and Assessment of Inclusiveness and Validity of
Measurement Models. JAMA Netw Open. 2019;2(8):199679. Epub 20190802. doi:
10.1001/jamanetworkopen.2019.9679. PubMed PMID: 31433480; PubMed Central PMCID:
PMC6707014.

26. Green AR, Reifler LM, Bayliss EA, Weffald LA, Boyd CM. Drugs Contributing to
Anticholinergic Burden and Risk of Fall or Fall-Related Injury among Older Adults with Mild
Cognitive Impairment, Dementia and Multiple Chronic Conditions: A Retrospective Cohort
Study. Drugs Aging. 2019;36(3):289-97. doi: 10.1007/s40266-018-00630-z. PubMed PMID:
30652263; PubMed Central PMCID: PMC6386184.

27. Oliveira CC, Annoni R, Lee AL, McGinley J, Irving LB, Denehy L. Falls prevalence and
risk factors in people with chronic obstructive pulmonary disease: A systematic review. Respir
Med. 2021;176:106284. Epub 20201210. doi: 10.1016/j.rmed.2020.106284. PubMed PMID:
33338874.

28.  Bloch F, Thibaud M, Dugue B, Breque C, Rigaud AS, Kemoun G. Episodes of falling
among elderly people: a systematic review and meta-analysis of social and demographic pre-
disposing characteristics. Clinics (Sao Paulo). 2010;65(9):895-903. doi: 10.1590/s1807-
59322010000900013. PubMed PMID: 21049218; PubMed Central PMCID: PM(C2954741.

29. Sousa LM, Marques-Vieira CM, Caldevilla MN, Henriques CM, Severino SS, Caldeira
SM. Risk for falls among community-dwelling older people: systematic literature review. Rev
Gaucha Enferm. 2017;37(4):¢55030. Epub 20170223. doi: 10.1590/1983-1447.2016.04.55030.
PubMed PMID: 28273251.

30. Singh T, Belanger E, Thomas K. Is Fear of Falling the Missing Link to Explain Racial
Disparities in Fall Risk? Data from the National Health and Aging Trends Study. Clin Gerontol.
2020;43(4):465-70. Epub 2018/05/17. doi: 10.1080/07317115.2018.1468377. PubMed PMID:
29764333; PubMed Central PMCID: PMC6202265.

31. Iezzoni LI, Heeren T, Foley SM, Daley J, Hughes J, Coffman GA. Chronic conditions
and risk of in-hospital death. Health Serv Res. 1994;29(4):435-60. PubMed PMID: 7928371;
PubMed Central PMCID: PMC1070016.

Copyright ©2024
Published online October 25, 2024 https://doi.org/10.15326/jcopdf.2024.0551



https://journal.copdfoundation.org/
https://journal.copdfoundation.org/
https://doi.org/10.15326/jcopdf.2024.0551

PRE-PROOF PRE-PROOF

32. Heron M. Deaths: Leading Causes for 2016. Natl Vital Stat Rep. 2018;67(6):1-77.
PubMed PMID: 30248017.

33, Utter GH, Cox GL, Atolagbe OO, Owens PL, Romano PS. Conversion of the Agency for
Healthcare Research and Quality's Quality Indicators from ICD-9-CM to ICD-10-CM/PCS: The
Process, Results, and Implications for Users. Health Serv Res. 2018;53(5):3704-27. Epub
2018/05/31. doi: 10.1111/1475-6773.12981. PubMed PMID: 29846001; PubMed Central
PMCID: PMC6153152.

34, Tinetti ME, McAvay GJ, Fried TR, Allore HG, Salmon JC, Foody JM, et al. Health
outcome priorities among competing cardiovascular, fall injury, and medication-related symptom
outcomes. J Am Geriatr Soc. 2008;56(8):1409-16. Epub 2008/07/30. doi: 10.1111/.1532-
5415.2008.01815.x. PubMed PMID: 18662210; PubMed Central PMCID: PMC3494099.

35.  Pisani L, Hill NS, Pacilli AMG, Polastri M, Nava S. Management of Dyspnea in the
Terminally Ill. Chest. 2018;154(4):925-34. Epub 2018/04/22. doi: 10.1016/j.chest.2018.04.003.
PubMed PMID: 29679597.

36. Currow DC, Agar MR. Benzodiazepine Prescribing in People with Chronic Obstructive
Pulmonary Disease: Clinical Considerations. Drugs Aging. 2020;37(4):263-70. Epub
2020/02/29. doi: 10.1007/s40266-020-00756-z. PubMed PMID: 32107742.

37. Racey M, Markle-Reid M, Fitzpatrick-Lewis D, Ali MU, Gagne H, Hunter S, et al. Fall
prevention in community-dwelling adults with mild to moderate cognitive impairment: a
systematic review and meta-analysis. BMC Geriatr. 2021;21(1):689. Epub 20211210. doi:
10.1186/s12877-021-02641-9. PubMed PMID: 34893027; PubMed Central PMCID:
PMC8665555.

38. Peek K, Bryant J, Carey M, Dodd N, Freund M, Lawson S, et al. Reducing falls among
people living with dementia: A systematic review. Dementia (London). 2020;19(5):1621-40.
Epub 20180930. doi: 10.1177/1471301218803201. PubMed PMID: 30269532.

39. McDermott CL, Engelberg RA, Woo C, Li L, Fedorenko C, Ramsey SD, et al. Novel
Data Linkages to Characterize Palliative and End-Of-Life Care: Challenges and Considerations.
J Pain Symptom Manage. 2019. doi: 10.1016/j.jpainsymman.2019.07.017. PubMed PMID:
31349037.

Copyright ©2024
Published online October 25, 2024 https://doi.org/10.15326/jcopdf.2024.0551



https://journal.copdfoundation.org/
https://journal.copdfoundation.org/
https://doi.org/10.15326/jcopdf.2024.0551

PRE-PROOF

Table 1. Demographics of 8,204 patients with COPD by injurious fall status

Had injurious fall

No injurious fall

N=2454 N=5750
Mean age (SD) 70.1 (13.3) 70.2 (12.7)
Male (n, %) 1498 (61) 3523 (61)
Female (n, %) 956 (39) 2227 (39)
Race (n, %)
White, non-Hispanic 1916 (78) 4838 (84)
Asian 113 (5) 248 (4)
Black 272 (11) 345 (6)
White, Hispanic 51 (2) 104 (2)
Native American 60 (2) 98 (2)
Pacific Islander 8 (0.5) 26 (0.5)
Multiracial 32 (1) 71 (1)
Unknown 2 (0.5) 20 (0.5)
Married (n, %) 604 (25) 2277 (40)
Some college (n, %) 954 (39) 2466 (43)
Insurance (n, %)
Private 279 (11) 995 (17)
Medicare 1194 (49) 3127 (54)
Medicaid 746 (30) 1078 (19)
Military/Other 126 (5) 298 (5)
Unknown 109 (5) 252 (5)
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Table 2, Comorbidities and fall history among 8,204 patients with COPD, by injurious fall

(mean, SD)

N (%) Had injurious fall | No injurious fall
N=2454 N=5750
Fall history 576 (23) 244 (4)
Cancer 645 (26) 2039 (35)
Coronary artery disease 1213 (49) 2625 (46)
Dementia 485 (20) 511 (9)
Diabetes 490 (20) 869 (15)
End-stage liver disease 370 (15) 505 (9)
Heart failure 1152 (47) 2352 (41)
Other pulmonary disease | 1038 (42) 2257 (39)
Peripheral vascular 731 (30) 1544 (27)
disease
Renal disease 783 (32) 1457 (25)
Total comorbidities 2.81 (1.80) 2.46 (1.56)

 Patients may have more than one comorbidity, so comorbidity totals are greater than the total

number of patients.
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Table 3, FRID prescription history among 8,204 patients with COPD by injurious fall

PRE-PROOF

N (%) Had injurious fall | No injurious fall | P-value
N=2454 N=5750

Anticonvulsants 857 (35) 1497 (26) <0.05
Antihypertensives 1578 (64) 3740 (65) 0.52
Antipsychotics 597 (24) 768 (13) <0.05
Antispasmodics 742 (30) 1449 (25) <0.05
Atypical antidepressants ° 683 (28) 1102 (19) <0.05
Benzos 970 (40) 1961 (34) <0.05
Opioids 1673 (68) 3686 (64) <0.05
Tricyclic antidepressants 242 (10) 291 (5) <0.05
Sedative Hypnotics © 281 (11) 433 (8) <0.05
SNRIs 214 (9) 316 (5) <0.05
SSRIs 671 (27) 1128 (20) <0.05

 Patients may have more than one prescription, so prescription totals are greater than the total

number of patients.

® (e.g. bupropion, mirtazapine)

¢ (e.g. eszopiclone, zolpidem)
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