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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.  

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


PRE-PROOF Chronic Obstructive Pulmonary Diseases: Journal of the COPD Foundation PRE-PROOF 

Copyright Chronic Obstructive Pulmonary Diseases: Journal of the COPD Foundation ©2024 
Published online October 25, 2024     https://doi.org/10.15326/jcopdf.2024.0551 

 

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

 Had injurious fall 

N=2454 

No injurious fall   

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 a  

N (%) Had injurious fall 

N=2454 

No injurious fall 

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 

disease 

731 (30) 1544 (27) 

Renal disease 783 (32) 1457 (25) 

Total comorbidities  

(mean, SD) 

2.81 (1.80) 2.46 (1.56) 

 

a 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 a 

N (%) Had injurious fall  

N=2454 

No injurious fall 

N=5750 

P-value 

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 b 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 c 281 (11) 433 (8) <0.05 

SNRIs 214 (9) 316 (5) <0.05 

SSRIs 671 (27) 1128 (20) <0.05 

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

number of patients. 

b (e.g. bupropion, mirtazapine)  

c (e.g. eszopiclone, zolpidem) 
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