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ABSTRACT

Objectives. The aim of this study was to explore whether zopiclone use correlates with increased risk of hip fracture in older people. 
Design, Setting, Participants, Measurements. This case-control study was conducted to analyze the claim data from the Taiwan National Health Insurance Program. There were 10996 subjects aged ≥ 65 years with the first episode of hip fracture from 1998 to 2011 as the case group and 9081 randomly selected subjects aged ≥ 65 years without hip fracture matched with sex, comorbidities and index year of diagnosing hip fracture as the control group.  Subjects whose last remaining one tablet for zopiclone was within 7 days before the date of diagnosing hip fracture were defined as current use of zopiclone. Subjects whose last remaining one tablet for zopiclone was ≥ 8 days before the date of diagnosing hip fracture were defined as late use of zopiclone. Subjects who never receive 1 prescription for zopiclone were defined as never use of zopiclone. A multivariable unconditional logistic regression model was used to estimate the odds ratio and 95% confidence interval to explore the correlation between zopiclone use and hip fracture. 
Results.  After adjustment for confounders, the multivariable logistic regression analysis demonstrated that the adjusted odds ratio of hip fracture was 3.56 for subjects with current use of zopiclone (95% confidence interval 2.33, 4.84), when compared with those with never use of zopiclone. The adjusted odds ratio decreased to 1.05 for those with late use of zopiclone (95% confidence interval 0.94, 1.18), but without statistical significance. 

Conclusions.  Current use of zopiclone correlates with increased risk of hip fracture in older people. Clinicians should alert older people about the risk of hip fracture when prescribing zopiclone.
Keywords: hip fracture; older people; zopiclone
INTRODUCTION

Hip fracture is one of the most common disorders in older population worldwide and represents a poor prognosis due to its easily complicated outcome including higher mortality and its impact on heavy caregivers’ burden. 5

 The incidence rates of hip fracture seem to be high in western and oriental countries, but women more predominate.4

  In Chie et al’s study using the database of the Taiwan National Health Insurance Program, the estimated incidence rates of hip fracture were 278.9 per 100000 persons in men aged 65–79 and 454.7 per100000 persons in  women aged 65–79  during the period of 1996 to 2000.
To date, many risk factors including polypharmacy and some fall-risk-increasing drugs for treatment of insomnia, epilepsy, psychosis, Parkinson's disease, depression and chronic obstructive pulmonary disease have been found to be potentially associated with hip fracture.
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 In addition, use of non-benzodiazepine hypnotic agents including zolpidem, eszopiclone, and  zaleplon, was found to be associated with increased risk of hip fracture among older people and nursing home residents  HYPERLINK  \l "_ENREF_6" \o "Wang, 2001 #44" 
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 No formal pharmacoepidemiological study focuses on the relationship between zopiclone use and hip fracture.  Zopiclone, also a non-benzodiazepine hypnotic agent, is the second frequently used non-benzodiazepine  hypnotic agent after zolpidem in Taiwan.15

 Due to the same class of nonbenzodiazepine hypnotic agents as zolpidem, eszopiclone, and zaleplon, we make a rational hypothesis that zopiclone use could be associated with increased risk of hip fracture in older people. If the association really exists, clinicians should keep in mind about the risk of hip fracture among older people with zopiclone use. Given extensive use of zopiclone in Taiwan, therefore, we conducted a population-based case-control study to explore this issue.
METHODS

Design and study population

  A population-based case-control study was conducted to use the database from the Taiwan National Health Insurance Program. This program launched in March 1995 and covered over 99% of the total 23 million citizens living in Taiwan.
16

   The details of the program were well written in previous papers.
10,17
   This study was approved by the Ethics Review Board of China Medical University and Hospital in Taiwan (CMU-REC-101-012).

Study subjects, other medications and comorbidities 
  Subjects aged 65 years or older with a first-episode of hip fracture according to International Classification of Diseases 9th Revision Clinical Modification (ICD-9 code 820) during the period of 1998-2011 were included as the case group. The index date for each case was defined as the date of diagnosing hip fracture.  For each case of hip fracture, one control subject aged 65 years or older without hip fracture was randomly selected from the same database as the control group. To decreased biased results, subjects who had prescriptions of other non-benzodiazepine hypnotic agents including zolpidem, zaleplon and eszopiclone were excluded from this study.  History of prescriptions for benzodiazepines available in Taiwan was included in this study. The number of medication use including oral medicine, topic use medicine and injection medicine was included in this study.  Comorbidities potentially related to hip fracture before the index date were selected as follows: alcohol-related disease, cancer, chronic kidney disease, chronic obstructive pulmonary disease, diabetes mellitus, dementia, depression, hyperlipidemia, hypertension, osteoporosis, Parkinson's disease, as well as cardiovascular disease including coronary artery disease, heart failure, cerebrovascular disease and peripheral atherosclerosis. All comorbidities were diagnosed with ICD-9 codes. Both case and control groups were matched with sex, benzodiazepines use, number of medication use, comorbidities and index year of diagnosing hip fracture. 
Definition of zopiclone exposure

Based on the prescription history, we can measure the last remaining one tablet for zopiclone. Subjects whose last remaining one tablet for zopiclone was within 7 days before the date of diagnosing hip fracture or who still had zopiclone tablets at the date of diagnosing hip fracture were defined as current use of zopiclone. Subjects whose last remaining one tablet for zopiclone was ≥ 8 days before the date of diagnosing hip fracture were defined as late use of zopiclone. Subjects who never receive 1 prescription for zopiclone were defined as never use of zopiclone.

Statistical analysis

  The distribution of sex, age, zopiclone use, benzodiazepines use, number of medication use, and comorbidities were compared between the case group and the control group using the Chi-square test and the fisher-exact test for categorized variables and the t-test for continuous variables. Variables found significantly related to hip fracture in the univariable unconditional logistic regression model were further included in the multivariable unconditional logistic regression model. The odds ratio (OR) and 95% confidence interval (CI) were estimated to explore the risk of hip fracture associated with zopiclone use. All data processing and statistical analyses were performed with the SAS software version 9.2 (SAS Institute, Inc., Cary, North Carolina, USA). A two-tailed P value of < 0.05 was considered statistically significant.

RESULTS

Characteristics of the study population

Table 1 presents the distributions of sex, age, zopiclone use, benzodiazepines use, number of medication use, and comorbidities between the case group and the control group. This study consisted of 10996 cases with hip fracture and 9081 controls without hip fracture, with similar distributions of sex and some comorbidities. The mean age (standard deviation) of the study subjects was 77.0 ± 7.4 years for the case group and 74.1 ± 6.5 for the control group (t-test, P <0.001). The case group had higher prevalent rates of current use of zopiclone (1.55% vs. 0.41%), late use of zopiclone (7.09% vs. 6.45%), ever use of benzodiazepines (85.3% vs. 82.9%),  cancer (4.80% vs. 3.88%), chronic kidney disease (5.32% vs. 4.40%), dementia (6.99% vs. 4.94%), depression (4.15% vs. 2.80%), and Parkinson's disease (3.15% vs. 1.76%) than the control group, with statistical significance. The mean number of medication use (standard deviation) of the study subjects was 3.06 ± 3.07 for the case group and 2.93 ± 2.89 for the control group (t-test, P= 0.002).
Risk of hip fracture associated with zopiclone use and other factors
Table 2 presents the risk of hip fracture associated with zopiclone use and other factors. After adjustment for potential confounding factors, the multivariable unconditional logistic regression model presented that the adjusted odds ratio of hip fracture was 3.56 for subjects with current use of zopiclone (95% confidence interval 2.33, 4.84), when compared with those with never use of zopiclone. The adjusted odds ratio decreased to 1.05 for those with late use of zopiclone (95% confidence interval 0.94, 1.18), but without statistical significance. In addition, age (per one year), benzodiazepines use, cancer, chronic kidney disease, depression, and Parkinson's disease were other factors significantly associated with hip fracture. 
DISCUSSION
To the best of our knowledge, no formal pharmacoepidemiological study has evaluated the relationship between zopiclone use and the risk of hip fracture. In this population-based case-control study, we noted that current use of zopiclone was associated with 3.56–fold increased odds of hip fracture. The odds   decreased to 1.05 for late use of zopiclone, but without statistical significance. These findings suggest that only people who continued to take zopiclone would have the risk. The risk would decrease among those stopping use of zopiclone for 8 days or longer.  In our previous study, polypharmacy (use 5 or more drugs) correlates with increased risk for hip fracture in older people.10

 We made  an additional analysis. As a reference of people with never use of zopiclone and without polypharmacy, the adjusted odds ratio of hip fracture was 6.53 for people with current use of zopiclone and without polypharmacy (95% CI 3.80, 11.2). This means that zopiclone use has a unique effect on risk of hip fracture, independent of polypharmacy. 
Zolpidem and zopiclone belong to 'Z' non-benzodiazepine hypnotic agents. Finkle et al reported that the fracture risk associated with zolpidem use exceeds that with alprazolam or lorazepam in older people.
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 The risk of hip fracture associated with zopiclone use seems to be higher in our study than that associated with zolpidem use in Wang et al’s study (adjusted odds ratio 3.56 v.s. 1.95). The increased risk can be partially explained by the mechanism that zolpidem use is associated with balance impairment, cognitive impairment, and falls.
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 Wang et al reported that zolpidem use is associated with a 1.95-fold increased risk of hip fracture in older people (95%CI 1.09-3.51). HYPERLINK  \l "_ENREF_18" \o "Finkle, 2011 #28" 
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 Although no direct evidence showing the relationship between zopiclone use and falls, similarly, zopiclone use is associated with impaired balance, impaired cognition and impaired psychomotor performance.
 ADDIN EN.CITE 
21,22
 One or combination of these impairments may more likely lead to falls and even hip fracture in older people with zopiclone use. However, further research is needed to explore the biologic mechanism by which zopiclone use causes hip fracture. 
 Some important limitations should be discussed in this study. First, due to natural limitation of the claim database used, we did not know whether patients really took zopiclone or not. We used zopiclone prescriptions for instead. Second, theoretically, we should conduct a case-control study which consisted of subjects with zopiclone use only and subjects without using any agent. It is considerably difficult to include this kind of rigorous criteria for study, particularly using the claim database. Third, clinically, some fall-risk-increasing drugs for treatment of  epilepsy, psychosis, Parkinson's disease, depression and chronic obstructive pulmonary disease are found to be potentially associated with hip fracture.
 ADDIN EN.CITE 
8,13
 Therefore, it seems to be relatively difficult to include all concomitant offending drugs for analysis. It is also relatively difficult to differentiate which drug is the most probable key one. The next more rational step is to focus on one potential drug to estimate its relative risk on hip fracture. That is why we only include zopiclone use for analysis. Fourth, because there are not specific ICD-9 codes for falls, gait and balance disorders, we can not include these disorders for analysis.
Some strengths of this study can be documented. This study included a large sample size to increase its statistical power. The study design and results seem to be reasonable.  It has an important clinical implication and provides the updated evidence to this issue.
We conclude that current use of zopiclone is associated with an increased risk of hip fracture in older people. Clinicians should alert older people about the risk of hip fracture when prescribing zopiclone.  
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	Table 1. Characteristics of cases with hip fracture and controls in older people

	
	Hip fracture
	

	
	Yes

N=10996
	No 

N= 9081
	

	Variable
	n
	(%)
	n
	(%)
	P value*  

	Sex
	
	
	
	
	0.90

	female
	6585
	59.9
	5446
	60.0
	

	male
	4411
	40.1
	3635
	40.0
	

	Age group (year)
	
	
	
	
	<0.001

	65-74
	4226
	38.4
	5030
	55.4
	

	75-84
	5034
	45.8
	3404
	37.5
	

	≥ 85
	1736
	15.8
	647
	7.1
	

	Age (year), mean (standard deviation) †
	77.0
	7.4
	74.1
	6.5
	<0.001

	Zopiclone use
	
	
	
	
	<0.001

	Never use
	10046
	91.4
	8458
	93.1
	

	Current use
	170
	1.55
	37
	0.41
	

	Late use
	780
	7.09
	586
	6.45
	

	Benzodiazepines use 
	
	
	
	
	<0.001

	Never use
	1613
	14.7
	1553
	17.1
	

	 Ever use
	9383
	85.3
	7528
	82.9
	

	Medication number, mean (standard deviation) †
	3.06
	3.07
	2.93
	2.89
	0.002

	Comorbidities before index date
	
	
	
	
	

	Alcohol-related disease**
	8
	0.07
	3
	0.03
	0.36

	Cancer 
	528
	4.80
	352
	3.88
	0.001

	Cardiovascular disease
	5711
	51.9
	4915
	54.1
	0.002

	Chronic kidney disease 
	585
	5.32
	400
	4.40
	0.003

	Chronic obstructive pulmonary disease
	3078
	28.0
	2593
	28.6
	0.38

	Diabetes mellitus 
	2750
	25.0
	2236
	24.6
	0.53

	Dementia
	769
	6.99
	449
	4.94
	<0.001

	Depression 
	456
	4.15
	254
	2.80
	<0.001

	Hyperlipidemia
	2969
	27.0
	2517
	27.7
	0.26

	Hypertension
	7572
	68.9
	6350
	69.9
	0.10

	Osteoporosis
	2673
	24.3
	2183
	24.0
	0.66

	Parkinson's disease
	346
	3.15
	160
	1.76
	<0.001

	Data are presented as the number of subjects in each group, with percentages given in parentheses. 

*Chi-square test, **fisher-exact test and †t-test comparing subjects with and without hip fracture


	Table 2. Odds ratio and 95% confidence interval of hip fracture associated with zopiclone use and comorbidities in older people

	
	Crude
	Adjusted †

	Variable
	OR
	(95%CI)
	OR
	(95%CI)

	Sex (male vs. female)
	1.00
	(0.95, 1.06)
	-
	-

	Age (per one year)
	1.06
	(1.06, 1.07)
	1.06
	(1.06, 1.07)

	Zopiclone use (never use as a reference)
	
	
	
	

	Current use 
	3.87
	(2.71, 5.53)
	3.56
	(2.33, 4.84)

	Late use
	1.12
	(1.00, 1.25)
	1.05
	(0.94, 1.18)

	Benzodiazepines use (never use as a reference)
	
	
	
	

	Ever use
	1.20
	(1.11, 1.30)
	1.16
	(1.07, 1.26)

	Medication number (per one medication)
	1.02
	(1.01, 1.02)
	1.01
	(0.98, 1.05)

	Comorbidities before index date (yes vs. no)
	
	
	
	

	Alcohol-related disease
	2.20
	(0.58, 8.30)
	-
	-

	Cancer
	1.25
	(1.09, 1.44)
	1.16
	(1.01, 1.34)

	Cardiovascular disease 
	0.92
	(0.87, 0.97)
	0.74
	(0.70, 0.79)

	Chronic kidney disease 
	1.22
	(1.07, 1.39)
	1.19
	(1.04, 1.37)

	Chronic obstructive pulmonary disease 
	0.97
	(0.91, 1.04)
	-
	-

	Diabetes mellitus
	1.02
	(0.96,1.09)
	-
	-

	Dementia 
	1.45
	(1.28, 1.63)
	1.07
	(0.94, 1.21)

	Depression
	1.50
	(1.29, 1.76)
	1.47
	(1.25, 1.73)

	Hyperlipidemia 
	0.97
	(0.91, 1.03)
	-
	-

	Hypertension 
	0.95
	(0.90, 1.01)
	-
	-

	Osteoporosis 
	1.02
	(0.95, 1.08)
	-
	-

	Parkinson's disease
	1.81
	(1.50, 2.19)
	1.63
	(1.34, 1.98)

	†Covariables found significantly associated with hip fracture in the univariable unconditional logistic regression model were further examined by the multivariable unconditional logistic regression model. 

Additionally adjusted for age, benzodiazepines use, medication number, cancer,  cardiovascular disease, chronic kidney disease, dementia, depression, and Parkinson's disease
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