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We examined community-dwelling older adults and older adults living in long-term care 

facilities (i.e., living accommodation for individuals who require on-site around-the-clock 

supervised care, including professional health care and personal care services) separately, 

because long-term care residents tend to be more frail than the general population, they have 

different access to provider care and the frequency of benzodiazepine use in COPD is more 

highly prevalent in long-term care [1]. We hypothesized that the long-term care resident group 

may represent a more vulnerable population at heightened risk for potential adverse respiratory 

events related to benzodiazepine exposure. Similar methods were to examine adverse respiratory 

outcomes in the long-term care cohort as were used for the community-dwelling cohort. 

 A total of 23,519 long-term care residents with COPD who were 66 years and older were 

identified between April 1, 2003 and December 31, 2009 (On-line Supplement 1 Figure 1). Of 

these, 11,287 (48.0%) were new benzodiazepine users. After propensity score matching, 8543 

long-term care residents who were new benzodiazepine users were matched to an equivalent 

number of non-benzodiazepine users. No propensity score match was found for 2744 (24.3%) 

long-term care resident new users of benzodiazepines. Baseline demographic and health 

characteristics of the propensity score matched community-dwelling sample are described in On-

line Supplement 1 Table 1. New and non-benzodiazepine users in the long-term care resident 

cohort were well-balanced on all baseline characteristics, with standardized differences below 

10% for all variables.  

 There were no significant differences in the risks of outpatient respiratory exacerbation, 

ER visits and hospitalizations for COPD and pneumonia, ICU admissions during hospitalizations 

for COPD or pneumonia and all-cause mortality between new and non-users of benzodiazepines 

in long-term care (On-line Supplement 1 Table 2). In the subgroup individuals with 0 
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exacerbations in the year prior to index, new users of benzodiazepines had significantly higher 

risk for outpatient respiratory exacerbations (N=163; AR 0.85%; RR 1.37, 95% CI 1.09,1.73),  

hospitalizations for COPD and pneumonia (N=83; AR 0.47%; RR 1.41, 95% CI 1.01-1.96) and 

all-cause mortality (N=527; AR 2.12%; RR 1.26, 95% CI 1.12,1.43) (On-line Supplement 1 

Table 3). There were no significant differences between new and non-users of benzodiazepines 

in this subgroup with respect to ER visits and ICU admissions during hospitalizations for COPD 

or pneumonia. In the remaining COPD severity subgroups, there were no significant differences 

in adverse respiratory outcomes between new and non-users of benzodiazepines, with the 

exception that new users had significantly decreased mortality risk compared to non-users in the 

subgroup of individuals with 1 or more exacerbations requiring presentation to hospital in the 

year prior to index. 

Although we hypothesized that long-term care residents may be at heightened risk for 

potential adverse respiratory events related to benzodiazepine exposure, this was not found to be 

the case in the overall long-term care resident cohort. The results in the overall long-term care 

resident cohort may in part be explained by the fact that, relative to the community-dwelling 

cohort, far fewer long-term care residents were available for analysis (23,519 long-term care 

residents versus 177,355 community-dwelling individuals) and more benzodiazepine users went 

entirely unmatched (24.3% in long-term care versus 2.9% in the community). Because long-term 

care residents were relatively older, had greater comorbidity, and were under supervised care 

compared to community-dwelling older adults (On-line Supplement 1 Table 1), this also likely 

lead to possible differences in benzodiazepine dose and duration receipt, again potentially 

influencing the results. Multiple adverse outcomes were significantly elevated though in the 
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healthiest subgroup of long-term care residents and this subgroup is the least likely to be 

influenced by confounding by indication [3-4]. 
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On-line Supplement 1 Figure 1 caption: Flow diagram outlining exposed group identification 

process in the long-term care resident cohort 
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On-line Supplement 1 Table 1 (continued on the next two pages) – Baseline demographic and health characteristics of the 

long-term care resident cohort before and after propensity score matching  

 

Baseline 

characteristics 

 Before 

matching 

 

  After matching  

  New 

benzodiazepine 

user 

Non- 

benzodiazepine 

user 

Standardized 

difference* 

New 

benzodiazepine 

user 

Non- 

benzodiazepine 

user 

Standardized 

difference* 

  N=11,287 N=12,232  N=8,543 N=8,543  

       

Age (mean + 

standard 

deviation) 

83.5 ± 7.1 84.7 ± 7.3 0.17 84.1 ± 7.0 84.1 ± 7.4 0.01 

           

Female N (%) 6,436 (57.0%) 7,049 (57.6%) 0.01 4,912 (57.5%) 4,919 (57.6%) 0.00 

           

Low income 

based on ODB 

flag within 1 yr 

prior to the 

index date N 

(%) 

4,717 (41.8%) 5,258 (43.0%) 0.02 3,597 (42.1%) 3,600 (42.1%) 0.00 

           

Income 

quintile N (%) 

         

1 (lowest) 2,880 (25.5%) 3,110 (25.4%) 0.00 2,167 (25.4%) 2,164 (25.3%) 0.00 

2 2,296 (20.3%) 2,538 (20.7%) 0.01 1,759 (20.6%) 1,746 (20.4%) 0.00 

3 2,213 (19.6%) 2,261 (18.5%) 0.03 1,658 (19.4%) 1,644 (19.2%) 0.00 

4 2,044 (18.1%) 2,244 (18.3%) 0.01 1,542 (18.0%) 1,564 (18.3%) 0.01 

5 (highest) 1,816 (16.1%) 2,017 (16.5%) 0.01 1,383 (16.2%) 1,390 (16.3%) 0.00 

Missing data 38 (0.3%) 62 (0.5%) 0.03 34 (0.4%) 35 (0.4%) 0.00 

           

Rural setting  

N (%) 

1,920 (17.0%) 2,012 (16.4%) 0.02 1,399 (16.4%) 1,418 (16.6%) 0.01 

           

Charlson score 

N (%)  

         

0 1,277 (11.3%) 1,210 (9.9%) 0.05 934 (10.9%) 941 (11.0%) 0.00 

1 2,055 (18.2%) 2,009 (16.4%) 0.05 1,491 (17.5%) 1,485 (17.4%) 0.00 

2 2,193 (19.4%) 2,389 (19.5%) 0.00 1,672 (19.6%) 1,675 (19.6%) 0.00 

>= 3 4,933 (43.7%) 5,383 (44.0%) 0.01 3,684 (43.1%) 3,647 (42.7%) 0.01 

Missing data 829 (7.3%) 1,241 (10.1%) 0.10 762 (8.9%) 795 (9.3%) 0.01 

           

Duration of 

COPD prior to 

index date N 

(%) 

         

< 2 years 2,922 (25.9%) 5,122 (41.9%) 0.34 2,762 (32.3%) 2,769 (32.4%) 0.00 

2-5 years 2,383 (21.1%) 2,370 (19.4%) 0.04 1,811 (21.2%) 1,817 (21.3%) 0.00 

> 5 years 

 

 

5,982 (53.0%) 4,740 (38.8%) 0.29 3,970 (46.5%) 3,957 (46.3%) 0.00 
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(Table 1 

continued) 

 

Baseline 

characteristics 

 

 

Before 

matching 

 

 

 

 

After matching 

  New 

benzodiazepine 

user 

Non- 

benzodiazepine 

user 

Standardized 

difference* 

New 

benzodiazepine 

user 

Non- 

benzodiazepine 

user 

Standardized 

difference* 

COPD 

exacerbation 

history within 

the year prior 

to index 

      

No 

Exacerbations  

6,559 (58.1%) 6,827 (55.8%) 0.05 5,154 (60.3%) 5,154 (60.3%) 0.00 

1 or more 

outpatient 

exacerbation  

1,414 (12.5%) 1,885 (15.4%) 0.08 1,195 (14.0%) 1,195 (14.0%) 0.00 

1 or more ER or 

hospital 

presentation 

3,314 (29.4%) 3,520 (28.8%) 0.01 2,194 (25.7%) 2,194 (25.7%) 0.00 

           

COPD 

exacerbation 

within the 

preceding 30 

days prior to 

the index 

1,472 (13.0%) 1,477 (12.1%) 0.03 952 (11.1%) 980 (11.5%) 0.01 

              

Previous ICU 

admission past 

12 months  

N (%) 

1,139 (10.1%) 824 (6.7%) 0.12 622 (7.3%) 679 (7.9%) 0.03 

              

Total number 

of non-

benzodiazepine 

drugs received 

in the past 

year (mean + 

standard 

deviation) 

13.6 ± 7.1 14.0 ± 6.6 0.07 13.6 ± 7.1 13.6 ± 6.5 0.00 

              

Respiratory 

medications in 

past 180 days 

N (%) 

            

Short/long-

acting beta 

agonists 

3,716 (32.9%) 4,085 (33.4%) 0.01 2,712 (31.7%) 2,718 (31.8%) 0.00 

Short/long-

acting 

anticholinergics 

3,393 (30.1%) 3,679 (30.1%) 0.00 2,482 (29.1%) 2,499 (29.3%) 0.00 

Inhaled 

corticosteroids 

 

 

 

2,461 (21.8%) 2,890 (23.6%) 0.04 1,887 (22.1%) 1,915 (22.4%) 0.01 
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(Table 1 

continued) 

 

Baseline 

characteristics 

  

 

 

 

 

Before 

matching 

   

 

 

 

 

 

After matching 

 

 

  New 

benzodiazepine 

user 

Non- 

benzodiazepine 

user 

Standardized 

difference* 

New 

benzodiazepine 

user 

Non- 

benzodiazepine 

user 

Standardized 

difference* 

Combination 

inhaled 

corticosteroid-

long acting beta 

agonists 

 

 

 

1,724 (15.3%) 

 

 

 

1,632 (13.3%) 

 

 

 

0.06 

 

 

 

1,176 (13.8%) 

 

 

 

1,181 (13.8%) 

  

 

 

 0.00 

Oral 

corticosteroids 

1,510 (13.4%) 1,506 (12.3%) 0.03 1,005 (11.8%) 1,036 (12.1%) 0.01 

Theophylline 265 (2.3%) 207 (1.7%) 0.05 146 (1.7%) 159 (1.9%) 0.01 

Respiratory 

antibiotics 

5,262 (46.6%) 6,471 (52.9%) 0.13 4,176 (48.9%) 4,189 (49.0%) 0.00 

           

Non-psychotic 

psychiatric 

disease N (%) 

7,055 (62.5%) 7,286 (59.6%) 0.06 5,196 (60.8%) 5,166 (60.5%) 0.01 

           

Alcoholism N 

(%) 

1,191 (10.6%) 1,119 (9.1%) 0.05 811 (9.5%) 822 (9.6%) 0.00 

           

Dementia N 

(%) 

7,927 (70.2%) 9,721 (79.5%) 0.21 6,489 (76.0%) 6,460 (75.6%) 0.01 

           

Sleep disorder 

N (%) 

5,953 (52.7%) 5,896 (48.2%) 0.09 4,263 (49.9%) 4,282 (50.1%) 0.00 

           

Ischemic heart 

disease N (%) 

6,326 (56.0%) 5,982 (48.9%) 0.14 4,483 (52.5%) 4,441 (52.0%) 0.01 

           

Congestive 

heart failure N 

(%) 

5,646 (50.0%) 6,043 (49.4%) 0.01 4,181 (48.9%) 4,167 (48.8%) 0.00 

           

Year of cohort 

entry N (%) 

         

2003 1,515 (13.4%) 3,141 (25.7%) 0.31 1,458 (17.1%) 1,497 (17.5%) 0.01 

2004 2,049 (18.2%) 1,894 (15.5%) 0.07 1,527 (17.9%) 1,566 (18.3%) 0.01 

2005 1,838 (16.3%) 1,476 (12.1%) 0.12 1,242 (14.5%) 1,243 (14.5%) 0.00 

2006 1,723 (15.3%) 1,293 (10.6%) 0.14 1,145 (13.4%) 1,126 (13.2%) 0.01 

2007 1,509 (13.4%) 1,202 (9.8%) 0.11 1,033 (12.1%) 986 (11.5%) 0.02 

2008 1,376 (12.2%) 1,355 (11.1%) 0.03 1,031 (12.1%) 1,027 (12.0%) 0.00 

2009 1,277 (11.3%) 1,871 (15.3%) 0.12 1,107 (13.0%) 1,098 (12.9%) 0.00 

           

Cohort entry 

in flu season N 

(%) 

4,441 (39.3%) 4,293 (35.1%) 0.09 3,241 (37.9%) 3,195 (37.4%) 0.01 

 

* A standardized difference (i.e., the difference in the means or proportions divided by the standard deviation) of > 0.10 is thought 

to indicate a potentially meaningful difference [2]. 
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On-line Supplement 1 Table 2 - Risk ratios and confidence intervals of adverse respiratory outcomes for the 

matched long-term care resident cohort  

 

Outcomes 
Benzodiazepine use 

status 
N (%) RR (95% CI) 

Outpatient respiratory 

exacerbations  New users 498(5.83%) 1.07(0.95,1.21) 

  Non-users 466(5.45%)   

      

ER visit for COPD or 

pneumonia New users 65(0.76%) 0.90(0.65,1.26) 

  Non- users 72(0.84%)   

      

Hospitalization for 

COPD or pneumonia New users 197(2.31%) 1.05(0.86,1.28) 

  Non- users 188(2.20%)   

      

ICU admission during 

hospitalization for COPD 

or pneumonia New users 13(0.15%) 0.81(0.39,1.69) 

  Non- users 16(0.19%)   

      

All-cause mortality New users 1013(11.86%) 0.99(0.91,1.07) 

 Non- users 1028(12.03%)   
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On-line Supplement 1 Table 3 – Risk ratios and confidence intervals of adverse respiratory outcomes for the matched long-term care resident cohort sensitivity analyses 

 

Sensitivity 

analyses 

Benzodiazepine 

use status 

 

Outpatient 

respiratory 

exacerbation  

 ER visit 

for COPD 

or pneum-

onia 

 Hospitaliz-

ation for 

COPD or 

pneumonia 

 ICU 

admission 

during 

hospitaliz-

ation for 

COPD or 

pneumonia 

 All-cause 

mortality 

 

            

COPD severity  
N (%) 

RR (95% 

CI) 
 N (%) 

RR (95% 

CI) 
N (%) 

RR (95% 

CI) 
N (%) 

RR (95% 

CI) 
 N (%) 

RR (95% 

CI) 

0 exacerbations in 

the year prior to 

index New users 163 (3.16%) 

1.37 

(1.09,1.73) 23 (0.45%) 

0.92 

(0.52,1.62) 83 (1.61%) 

1.41 

(1.01,1.96) <6* 

0.67 

(0.19,2.36) 

527 

(10.23%) 

1.26 

(1.12,1.43) 

 

Non- users 119 (2.31%)   25 (0.49%)   59 (1.14%)   6 (0.12%)   

418 

(8.11%)   

            

>=1 outpatient 

respiratory 

exacerbations in 

the year prior to 

index 

New users 

 

 129 (10.79%) 

0.83 

(0.66,1.03) 9 (0.75%) 

0.75 

(0.32,1.78) 24 (2.01%) 

0.92 

(0.54,1.59) <6* 

2.00 

(0.18,22.06

) 

164 

(13.72%) 

0.93 

(0.76,1.13) 

 

Non- users 156 (13.05%)   12 (1.00%)   26 (2.18%)   <6*   

177 

(14.81%)   

            

>=1 exacerbations 

requiring 

presentation to 

hospital in the 

year prior to index 

New users 

 

 

206 (9.39%) 

1.08 

(0.90,1.30) 33 (1.50%) 

0.94 

(0.59,1.50) 90 (4.10%) 

0.87 

(0.66,1.15) 7 (0.32%) 

0.78 

(0.29,2.09) 

322 

(14.68%) 

0.74 

(0.65,0.85) 

  

Non- users 

 

 

 

 

 

 191 (8.71%)   35 (1.60%)   103 (4.69%)   9(0.41%)   

433 

(19.74%)  

 

*Percentages are not presented for cell sizes less than 6, in keeping with ICES publication rules. 


