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Abstract

Background/Objectives—Prescription sleep medication use is most prevalent among women 

and older adults. Morning drowsiness and impaired coordination are side-effects of sleep 

medications that may affect driving safety. The association between current use of zolpidem-

containing medications and motor vehicle collisions (MVCs) was evaluated among very old 

drivers.

Patients/Methods—Participants were current drivers aged ≥70 years residing in north-central 

Alabama, spoke English, had a valid driver's license, and drove within the past 3 months 

(n=2,000). Current zolpidem use was determined by pill-bottle review. Participant's 5-year MVC 

history was determined from Alabama Department of Public Safety accident reports. The 5-year 

MVC and at-fault MVC rate ratios (RR) were estimated comparing zolpidem users with nonusers 

in the overall sample and a-priori defined age and sex subgroups.

Results—The unadjusted RR (95%CI) of MVCs comparing zolpidem users with nonusers was 

attenuated after adjustment (1.46 [1.02-2.08] and 1.38 [0.97-1.98], respectively). Among women, 

the unadjusted and adjusted RRs (95%CI) were 1.65 (1.03-2.66) and 1.61 (1.00-2.60), 

respectively. The unadjusted and adjusted RRs (95%CI) among those aged ≥80 years were 2.24 

(1.19-4.57) and 2.35 (1.20-4.61), respectively. There were no statistically significant associations 

among men or participants <80 years old. Similar patterns were present for at-fault MVCs.

Conclusion—Current zolpidem users, specifically women and individuals aged ≥80 years, had 

higher MVC rates than nonusers. Practitioners should consider behavioral treatment before 

initiating low doses of zolpidem and escalating it as needed to achieve restorative sleep in females 

and individuals aged ≥80 years to reduce the risk of zolpidem-associated MVCs.
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1. Introduction

Prescription sleep aids are a common treatment for sleep problems. The prevalence of 

prescription sleep medication use in the prior 30 days is approximately 4% in US adults and 

is highest among women and older adults.(Knutson et al. 2009, Chong et al. 2013, Bertisch 

et al. 2014) Since the 1990s, prescription zolpidem have become one of the most common 

medications for sleep problems, specifically insomnia.(Gustavsen et al. 2008) Although 

prescription sedative-hypnotics, such as zolpidem, are effective sleep-inducing agents, 

morning drowsiness and reduced coordination are important side effects that have been 

identified as hazards to safe driving.(Bocca et al. 2011, Anon 2013c)

There is a large body of evidence for the association between prescription zolpidem use and 

injuries, several of which have focused specifically on motor vehicle collisions (MVCs).

(Gustavsen et al. 2008, Orriols et al. 2011, Yang et al. 2011, Chung et al. 2013, Lai et al. 
2014) Gustavsen et. al. and Orriols et. al. reported a higher incidence of MVCs among 

individuals using prescription sedative-hypnotics, including zolpidem.(Gustavsen et al. 
2008, Orriols et al. 2011) Additionally, a positive association between MVCs and 

prescription zolpidem use one day earlier was reported in a case-crossover study.(Yang et al. 
2011) However, these studies failed to evaluate this association in drivers aged > 65 years 

and did not consider the potential role of sex as an effect modifier and account for driving 

behaviors. These are important limitations since the pharmacokinetics of zolpidem differs by 

age and sex (Greenblatt et al. 2013, Greenblatt et al. 2014) and the rate of MVC-related 

deaths per mile driven is highest in older adults. Additionally, few studies have considered 

whether individuals with versus without sleep problems may drive less frequently due to 

being sleepy, thereby reducing the opportunity for MVCs. Therefore, accounting for these 

limitations, the current study will evaluate the association between prescription zolpidem use 

and MVCs among drivers ≥ 70 years of age residing in Alabama.

2. Methods

2.1 Study Population and Design

The source population for the current cross-sectional study has been described previously.

(Owsley et al. 2013) Briefly, the data were collected with the purpose of examining the 

prevalence of vision impairment and major ophthalmological conditions among drivers aged 

≥ 70 years. Adults aged ≥ 70 years residing in north-central Alabama were enrolled between 

October 2008 and August 2011. Potential participants were randomly identified using a 

direct marketing company's list of contacts. There were 18,544 individuals verified to have a 

valid Alabama driver's license in the Alabama Department of Public Safety (AL DPS) 

database that were initially contacted by mail through an informative letter and 61% were 

successfully interviewed by telephone (n=11,267 of 18,544). Among the 30% of individuals 

that completed the telephone screener (n=3,412 of 11,267), 70% spoke English and reported 
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driving in the past 3 months (n=2,389 of 3,412). These individuals were subsequently invited 

to enroll and participate in a clinical exam visit consisting of two components: interviewer-

administered questionnaires and a visual screening test. At the end of the recruitment period, 

2,000 drivers were enrolled in the study. The racial distribution of enrolled participants was 

reflective of the area from which they were recruited. Eligible participants were on average 1 

year younger than those who declined participation (77 and 78 years old, respectively) and 

more likely to be male. This study was approved by the University of Alabama at 

Birmingham Institutional Review Board in agreement with the Declaration of Helsinki.

2.2 Study Procedures

Information relevant to the current study is described herein. More detailed information is 

provided elsewhere.(Owsley et al. 2013) Participants self-reported their gender, race/

ethnicity, marital status, retirement status, current occupation or occupation prior to 

retirement, alcohol consumption, smoking status, highest level of education completed and 

presence of physician diagnosed chronic medical conditions (e.g., diabetes, neurological 

complications, hearing impairment, osteoporosis, etc.) via questionnaires at the baseline 

clinical visit. Mental health status was assessed using the mini-mental state examination 

(MMSE). Annual mileage driven, destinations and frequency of driving during the prior 5 

years were determined using The Driving Habits Questionnaire. Additionally, participants 

were instructed to bring current prescription and over-the-counter medications to the 

baseline clinical visit. The name and frequency, dosage and method of administration for 

each medication that participants brought with them were recorded.

Age was categorized into two age groups: 70 to 79 and ≥ 80 years. Race/ethnicity was 

defined as white and non-white. Level of education was categorized as less than high school 

or received a high school/general education diploma, 1 to 4 years of college and post-

graduate degree. Marital status was defined as married or not married. Participants were 

considered to be not married if they were single, divorced, widowed or living separately but 

not legally divorced. Smoking status was defined as never, former and current. Former 

smokers were participants that indicated they smoked ≥ 100 cigarettes in their lifetime but 

do not currently smoke. Alcohol consumption was defined in categories as none, 0.5 to 6, 

and 7 or more drinks per week. The number of chronic medical comorbidities was calculated 

as the sum of physician diagnosed chronic medical conditions reported. The categories of 

none, 1 to 2, 3 to 4 and ≥ 5 chronic medical conditions were analyzed as a continuous 

variable. Normal and reduced cognitive status was defined by using standardized MMSE 

cut-point scores of > 23 and ≤ 23, respectively. The number of medications being taken was 

calculated by summing each medication recorded during the pill bottle review, minus 

zolpidem-containing medications (i.e., the exposure of interest), and analyzed as a 

continuous variable. Prescription sleep medication use, minus zolpidem-containing 

medications (i.e., the exposure of interest), and separately, over-the-counter sleep medication 

use were defined as “yes” and “no”, respectively. The number of falls within the past 12-

months was categorized as none, 1 and ≥ 2 and analyzed as a continuous variable.
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2.2.1 Exposure—Participants were dichotomized as current zolpidem users or nonusers. 

Current zolpidem users were participants with a recorded medication containing zolpidem 

(i.e., Ambien, Ambien CR, Intermezzo, Stilnox, Stilnoct, Sublinox, Hypnogen, Zolsana).

2.2.2 Outcome—The primary and secondary outcomes were MVCs, overall, and at-fault 

MVCs, respectively, during the prior 5 years. Each participant's five-year MVC history was 

determined from accident police reports provided by AL DPS dating from their enrollment 

date. Reports were limited to accidents involving participants as a driver. Information on the 

date of occurrence and at-fault status were recorded. This approach for determining at-fault 

status has been used in prior research whereby outstanding inter-rater agreement has been 

demonstrated.(Huisingh et al. 2014)

3. Statistical Analysis

Participant characteristics were determined overall and by status of current zolpidem use. 

Chi-square and t-tests were used to compare characteristics of zolpidem users and nonusers, 

as appropriate. Analyses described below are for MVCs overall (primary outcome). Identical 

analyses were repeated for at-fault MVCs (secondary outcome) and subgroups characterized 

a-priori by sex and age (< 80 and ≥ 80 years old).

MVC rates during the past 5 years were calculated per 1,000,000 person-miles driven. Rate 

ratios (RRs) and 95% confidence intervals (95% CI) were calculated to evaluate the 

association between status of current zolpidem use and MVCs during the prior 5 years using 

Poisson models offset by the number of miles driven annually during the prior 5 years. 

Initial unadjusted RRs (95% CIs) were adjusted for selected confounders (see Table 1) that 

were identified using a step-wise process. First, each participant characteristic was 

substituted into a separate model estimating the association between status of current 

zolpidem use and MVCs (i.e., MVC = (participant characteristic) + status of zolpidem use). 

Next, the percent change in the estimated beta coefficients between the distinct models for 

each participant characteristic and the unadjusted model for the association between status 

of current zolpidem use and MVCs during the prior 5 years was calculated as (((unadjusted 

beta estimate – adjusted beta estimate) / unadjusted beta estimate)*(100)). Participant 

characteristics that changed the unadjusted estimated beta coefficient by ≥ 10% were 

considered confounders and selected as covariates for the adjusted model.(Mickey and 

Greenland 1989) This method for identifying confounders was initially described for case-

control study designs but it is also appropriate for cross-sectional studies. The only 

confounder identified for the primary analysis was current number of medications being 

taken. This covariate was subsequently included in the adjusted model for the secondary 

outcome (at-fault MVCs) and stratified analyses (sex and age). Additionally, since many 

patients taking sleep medication for insomnia use another sedation medication, we also 

evaluated the association of zolpidem use with MVCs, overall, and at-fault MVCs during the 

prior 5 years, respectively, after further adjustment for prescription and over-the-counter 

sleep medication use in the full sample. There was no evidence of over-dispersion due to few 

MVCs occurring during participants' five-year history. P-values ≤ 0.05 were considered 

statistically significant. Analyses were performed using SAS version 9.3 (SAS Institute, Inc., 

Cary, NC).
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4. Results

Current zolpidem users represented 3.8% of the sample. Compared to nonusers, current 

zolpidem users were significantly more likely to be former or current smokers, had a greater 

number of chronic medical conditions, falls within the past 12 months and medications 

(excluding zolpidem) currently being taken and drove fewer miles annually (Table 1).

In the primary analysis, the unadjusted RR (95% CI) for all MVCs comparing current 

zolpidem users with nonusers was 1.46 (1.02 - 2.08). The sex-stratified unadjusted RRs 

(95% CIs) were 1.65 (1.03 - 2.66) for females and 1.23 (0.72 - 2.09) for males. The age-

stratified unadjusted RRs (95% CIs) for those < 80 and ≥ 80 years old were 1.27 (0.84 - 

1.92) and 2.24 (1.19 - 4.57), respectively (Table 2a). Adjustment attenuated these models but 

similar patterns were present. The RRs for females and individuals aged ≥ 80 years 

remained statistically significant.

In the secondary analysis, similar patterns were observed for the association of at-fault 

MVCs comparing current zolpidem users to nonusers (Table 2b). However, there were no 

statistically significant associations, likely attributable to the small number of events.

In the primary and secondary analyses, prescription and over-the-counter sleep medication 

use were also assessed as confounders of the association between zolpidem use and MVCs. 

However, adjustment for these co-variables did not qualitatively change the beta coefficient 

for the association between zolpidem and MVC (i.e., the beta coefficient changed <10%). 

Therefore, prescription and over-the-counter sleep medication use were not included in the 

final model.

5. Discussion

In the current study, older drivers currently taking zolpidem had an increased rate of MVCs 

during the prior 5 years compared to nonusers. Notably, the 5-year rates of MVCs were 

significantly higher among females and individuals aged ≥ 80 years who were current 

zolpidem users. Although adjustment for the current number of medications being taken 

attenuated these associations, there were similar patterns. It should be noted however that 

given the cross-sectional nature of the study design, the temporal relationship between MVC 

occurrence during the prior 5 years and zolpidem use cannot be firmly established.

Zolpidem use by pill bottle review in the current study was lower than has been self-reported 

for any prescription sedative medication use in the US population (3.8% versus 4.0%).

(Knutson et al. 2009, Chong et al. 2013, Bertisch et al. 2014) Prior observational studies 

suggest the risk of MVCs is elevated after prescription sedative-hypnotic medication use, 

including zolpidem. Yang et. al. conducted a case-crossover study using data from a national 

health insurance database in Taiwan. The odds of a next-day MVC hospitalization were 1.5-

times higher among zolipdem users than nonusers, with a stronger association in males.

(Yang et al. 2011) Additionally, among a large Norwegian cohort selected from population-

based registries, the standardized incidence of MVCs was more than 2-times higher among 

zolpidem users compared with nonusers.(Gustavsen et al. 2008) In each of these studies, the 

association was stronger in males than females. However, these prior studies included a 
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limited number of older drivers. The current study extends the literature by reporting an 

association between current zolpidem use and MVCs during the prior 5 years in drivers aged 

≥ 70 years. Furthermore, the oldest of older drivers were identified to have the highest 5-year 

rate of MVCs. In contrast with prior studies, there was a stronger association in females than 

males. Evidence supporting this finding is provided by randomized, crossover 

pharmacologic studies that report zolpidem clearance being up to 40 - 50% lower in females 

than males administrated the same dosage.(Greenblatt et al. 2013, Greenblatt et al. 2014) 

Results of the clinical studies led to a US Federal Drug Safety communication indicating 

men, and particularly women, are susceptible to next-morning impairment for activities 

requiring complete mental alertness, including driving.(Anon 2013c, a) This discordance of 

the current and prior studies may be attributable to differences in the selected sample 

between the prior and current studies (e.g., demographics).

The association between current zolpidem use and MVCs during the prior 5 years is 

plausible. Intervention studies have detected clinically relevant elevated plasma 

concentrations of zolpidem the morning after taking zolpidem-containing medication.(Bocca 

et al. 2011, Anon 2013c, a) As such, enduring drowsiness, loss of coordination and impaired 

alertness may contribute to the risk of MVCs.(Logan and Couper 2001, Hossain and Shapiro 

2002) Additionally, well-controlled driving simulation studies provide evidence that 

zolpidem use is a risk factor for MVCs, even when recommended dosing was administered. 

For example, zolpidem use was associated with an inconsistent rate of speed, an increased 

number of lane departures in monotonous driving environment simulations and a modified 

lateral vehicle position in urban driving situations with accident scenarios.(Meskali et al. 
2009, Bocca et al. 2011) Furthermore, it was not surprising that the strongest associations in 

the current study were among females and participants aged ≥ 80 years. Older adults and 

women have lower clearance rates and higher plasma concentrations for a given zolpidem 

dose compared to younger adults and men, respectively.(Greenblatt et al. 2014)

Sleep disorders are associated with significant morbidity, reduced quality of life, lost income 

and increased risk for MVCs.(Stoller 1994, Hossain and Shapiro 2002, Colten et al. 2006, 

Anon 2013b, de Mello et al. 2013) Restorative sleep can be achieved and quality of life and 

sleep disorder-related morbidities may be improved by taking sleep medications if behavior 

modification, the first-line treatment recommendation in guidelines, is unsuccessful.(Stoller 

1994, Dang et al. 2011) In the current study, some MVCs during the prior 5 years detected 

among zolpidem users may have been attributable to sleep disorders, not the sleep 

medication itself. For example, zolpidem may not have been taken the night before a MVC 

or the MVC may have occurred long-after awakening from sleep. Future studies should be 

conducted to specifically address how sleep medication affects the risk for MVCs among 

individuals with and without sleep problems.

Results from the current study should be interpreted in the context of known limitations. 

First, the timing of zolpidem use compared with when MVCs occurred and the dosage and 

form of zolpidem and duration of use were unavailable. Thus, a temporal relationship 

between zolpidem use and MVCs cannot be determined due to the cross-sectional study 

design. Specifically, zolpidem may not have been taken by current users on the night before 

their MVC. As such, zolpidem use may be only a marker of older adults with higher risk for 
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MVCs. Second, although the current results may be attributed to survival bias, we are 

unaware of evidence suggesting that current zolpidem users are more likely to survive or be 

involved in less severe MVCs than nonusers. Third, there may have been bias by indication 

as some participants could have changed their sleep medication to zolpidem post-MVC since 

there may be less drowsiness the morning following its use. Furthermore, if participants did 

not bring all of their medication bottles to the baseline clinical visit, some zolpidem users 

may have been misclassified as nonusers, resulting in bias toward the null. Fourth, the data 

were not available on participants' sleep pattern. For example, sleeping during the day and 

driving during the night may increase the risk for MVCs. Fifth, information on whether 

behavior modification was used prior to zolpidem prescription use as a means to prevent 

MVC-associated risks was unavailable. Sixth, MVCs without a police report were not 

included in the current analysis. Seventh, information on the timing, length, frequency and 

purpose of travel and trips were not collected. Eighth, information on hepatic and renal 

function, which may affect zolpidem clearance in older adults, was unavailable.

In contrast, the current study has several notable strengths. First, the current study included a 

large sample of very old drivers, a subgroup known to have a higher prevalence of sleep 

disorders(Dijk et al. 2000), higher plasma concentrations of zolpidem the morning after use 

and a lower rate of its clearance.(Olubodun et al. 2003) Second, in contrast with prior 

studies, information collected at the baseline clinical visit permitted the current study to 

identify and adjust for confounders. Most importantly, since current zolpidem users drove 

fewer miles annually than nonusers, having information on the annual miles driven 

permitted the current study to account for participant's time at risk for MVCs during the 

prior 5 years.

6. Conclusion

The current study highlights the need for individuals' ≥ 70 years of age who take zolpidem to 

cautiously decide when to drive. Practitioners should be encouraged to prescribe low doses 

of zolpidem and escalate it as needed, particularly among females and individuals aged ≥ 80 

years since they have a lower clearance rate and higher risk for next-morning impairment 

compared to men and younger adults, respectively. Additionally, individuals aged ≥ 70 

years, and particularly those aged ≥ 80 years, taking zolpidem should be advised to avoid 

activities requiring unimpaired alertness, judgment and coordination, such as driving, until 

they are fully awake.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Prescribed sleep medicine use in the past 30 days is highest in women/older 

adults

• Side effects that can affect driving safety are drowsiness/impaired 

coordination

• Assess zolpidem use and motor vehicle collisions (MVC) over 5 years in 

old drivers

• Zolpidem use was associated with higher MVC rates in women and adults 

≥80 years old

• Zolpidem-related MVCs may be avoided by initiating low doses, escalating 

as needed
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