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Abstract

Objectives—We examined the effects of a 2009 increase in alcohol taxes in Illinois on alcohol-

related fatal motor vehicle crashes.

Methods—We used an interrupted time-series design, with intrastate and cross-state comparisons 

and measurement derived from driver alcohol test results, for 104 months before and 28 months 

after enactment. Our analyses used autoregressive moving average and generalized linear mixed 

Poisson models. We examined both population-wide effects and stratifications by alcohol level, 

age, gender, and race.

Results—Fatal alcohol-related motor vehicle crashes declined 9.9 per month after the tax 

increase, a 26% reduction. The effect was similar for alcohol-impaired drivers with positive 

alcohol levels lower than 0.15 grams per deciliter (−22%) and drivers with very high alcohol 

levels of 0.15 or more (−25%). Drivers younger than 30 years showed larger declines (−37%) than 

those aged 30 years and older (−23%), but gender and race stratifications did not significantly 

differ.

Conclusions—Increases in alcohol excise taxes, such as the 2009 Illinois act, could save 

thousands of lives yearly across the United States as part of a comprehensive strategy to reduce 

alcohol-impaired driving.

Effects of alcohol tax rates on drinking and alcohol-related problems have been extensively 

studied over the past half century. A 2009 meta-analysis found 112 studies containing more 

than 1000 estimates of the relationship of alcohol taxes and prices to drinking.1 Results 

show that a 10% increase in the price of alcoholic beverages is associated with a 5% to 8% 

decrease in drinking. A similar systematic review of 50 articles containing 340 estimates of 

alcohol price and tax effects on a wide range of social and health problems associated with 

drinking found that alcohol tax increases result in significant declines in chronic disease 
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(e.g., cirrhosis, esophageal cancer), sexually transmitted infections, injuries, violence, and 

motor vehicle crashes.2 The US Department of Health and Human Services Community 

Preventive Services Task Force also reviewed this evidence and recommended increasing 

alcohol taxes to reduce excessive drinking and related harms.3 However, the great majority 

of the studies that have evaluated the effects of alcohol tax changes date from the 1970s, 

1980s, and 1990s, and their results have not been reflected in public policy in the United 

States—when inflation is taken into account, real alcohol tax rates are only about half what 

they were in the 1960s.4

Lower real tax rates, along with broader economic changes in recent decades, have made 

alcoholic beverages much more affordable than in times past. For example, drinking 1 drink 

per day of the cheapest spirits required 15 times the fraction of income in 1950 that it did in 

2011.5 Even more noteworthy, the cost of very heavy drinking (‡ 10 drinks/day) required 

45% of mean disposable income in 1950, but only 3% in 2011. One result of such 

dramatically increased affordability of alcohol is that the small alcohol tax increases that 

have been implemented in the United States recently cause price increases for alcoholic 

beverages that are a much smaller fraction of personal income than would have occurred in 

previous decades, when most previous evaluations of alcohol tax increases were conducted. 

The potential importance of affordability was recently reinforced by Room et al., who 

reported that tax reductions in Denmark and Sweden did not result in expected increases in 

alcohol consumption, a result the authors attributed to the level of affluence of these 

countries, where alcohol was already highly affordable.6 In short, recent economic and 

social changes emphasize the importance of evaluating the effect of recent increases in 

alcohol taxes on excessive alcohol use and related harms.

The mechanisms by which alcohol taxes reduce motor vehicle crash rates are well 

established: tax rates affect retail price, and price affects amount and patterns of drinking, 

including excessive drinking, which affect the risk of alcohol-related motor vehicle 

crashes.1,3,7 Drinking by motorists increases risk of serious car crashes, with risks rising 

exponentially beyond 1 or 2 drinks.8 A systematic review of 21 studies containing 34 

independent estimates of tax and price effects on crash rates reveals a significant inverse 

variance–weighted overall effect (r = −0.112).2 Two studies published since that systematic 

review largely confirm alcohol tax effects on crash rates, although the consistency and 

magnitude of observed effects varies.9,10 Replication studies are important because alcohol-

related motor vehicle crashes continue to result in more than 10 000 deaths and half a 

million injuries annually, representing a leading public health problem associated with 

alcohol use that is deserving of continued policymaker attention7, 11

Although the population-wide effect of alcohol taxes on excessive alcohol consumption and 

alcohol-impaired driving is well established, Elder et al. note that research to date has paid 

little attention to possible differences in alcohol tax effects in different segments of the 

population; they call for additional analyses of demographic subgroups.3 Staras et al. 

recently highlighted the potential importance of subgroup analyses in an evaluation of the 

effects of an alcohol tax increase in Illinois on sexually transmitted infection rates.12 They 

found noticeably larger effects (i.e., reductions in infection rates after the tax increase) 
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among Blacks than Whites, perhaps because of differing exposure risks, levels of disposable 

income, and other factors.

To address the need for more current data on the effects of alcohol taxes on alcohol-related 

motor vehicle crashes as well as the need to better characterize the effects of alcohol taxes 

on specific subgroups, we evaluated the effects of a September 2009 increase in alcohol 

excise taxes on beer, wine, and spirits in the State of Illinois on fatal alcohol-related motor 

vehicle crashes. We assessed the overall effect of the tax increase on fatal motor vehicle 

crashes, as well as effects on major population subgroups.

METHODS

We used an interrupted time-series quasi-experimental design to examine the effects of the 

2009 Illinois alcohol excise tax increase on alcohol-related fatal motor vehicle crashes and 

to ascertain whether effects of the tax change differed by driver’s age, gender, race, and 

breath or blood alcohol concentration (BAC). The number of fatal crashes and driver 

characteristics for each fatal crash are collected by the National Highway Traffic Safety 

Administration and reported in the Fatality Analysis Reporting System.13 We analyzed 

counts of alcohol-related fatal motor vehicle crashes from January 2001 through December 

2011, covering 104 baseline months before and 28 months following the enactment of the 

Illinois alcohol excise tax increase. We used a comparison group of Illinois non–alcohol-

related fatal motor vehicle crashes to control for the many other factors in Illinois (e.g., 

traffic safety programs, weather, economic conditions) that could have affected crash rates 

independently of alcohol consumption. In addition, we examined alcohol-related fatal 

crashes in Wisconsin as a second design comparison, to ensure that observed effects were 

not attributable to broader cross-state factors.

Illinois 2009 Alcohol Excise Tax Increase

Illinois imposes an excise tax on businesses engaged in the distribution of alcoholic 

beverages containing 0.5% or greater alcohol by volume.14 From July 1, 1999, to August 31, 

2009, Illinois taxed beer at a rate of $0.185 per gallon, wine at a rate of $0.730 per gallon, 

and distilled spirits at a rate of $4.50 per gallon.15 Effective September 1, 2009, the excise 

tax on beer increased to $0.231 per gallon (an increase of 4.6 cents/gallon), the tax on wine 

increased to $1.39 per gallon (an increase of 66 cents/gallon), and the tax on distilled spirits 

increased to $8.55 per gallon (an increase of $4.05/gallon).15

In terms of a standard drink,16 and assuming a 1-to-1 pass-through rate of tax to retail 

price,17 this tax increased the average retail price per drink in Illinois by 0.4 cents for beer, 

0.5 cents for wine, and 4.8 cents for spirits. In addition, alcoholic beverages in Illinois are 

taxed with a 6.25% sales tax that has remained constant since January 1, 1990.18 In Illinois, 

counties and municipalities may levy general sales taxes as well as alcohol-specific ad 

valorem or excise taxes. Because the statewide excise tax increases for the 3 beverage types 

were implemented simultaneously, we could not assess the differential effects across beer, 

wine, and spirits; we therefore calculated the combined effect of the 3 simultaneous tax rate 

changes.
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Data

We obtained records on all fatal motor vehicle crashes in the State of Illinois occurring on 

roads open to the public, as well as driver characteristics (age, gender, race) and BAC from 

the Fatality Analysis Reporting System. In addition to including available BAC test results 

on all drivers, pedestrians, and cyclists who were involved in a fatal crash, the Fatality 

Analysis Reporting System provides well-designed multiple imputation estimates of driver 

alcohol concentration for cases where BAC test results are not recorded. We used BAC test 

results and imputed BAC estimates to classify fatal crashes as alcohol related (BAC > 0 

g/dL for ‡ 1 involved drivers, pedestrians, or cyclists) or not alcohol related.

To test whether the alcohol excise tax increase had differential effects by subgroup, we 

generated monthly time series of the count of alcohol-related and non–alcohol-related fatal 

crashes by gender, age (driver aged ‡ 30 years or < 30 years), race (White or other), and 

driver BAC (0.01–0.14 g/dL or ‡ 0.15 g/dL). The use of such binary subgroups was 

necessary to maintain an adequate number of crashes per month (n = 20 on average) for 

subgroup analyses. A BAC of 0.15 grams per deciliter or greater is often used in the 

literature to indicate high levels of alcohol consumption and impairment prior to a crash and 

is an indicator of particularly heavy drinking.19 The Fatality Analysis Reporting System 

records race only for drivers who die, limiting analyses by race to driver deaths only.

Statistical Analysis

To account for autocorrelation and seasonality in the crash outcomes, we used Box– Jenkins 

autoregressive moving average (ARIMA) models with structural parameters. We estimated 

models of the following form:

separately for the overall population-level effect as well as for the gender, age, and BAC 

subgroups. Yt represents the count of alcohol-related motor vehicle crashes at month t. Taxt 

is an indicator of the presence of the tax increase in month t. Xt is the count of non–alcohol-

related crashes in month t. Xt controls for secular trends in fatal crashes and all the other 

factors affecting the number of motor vehicle crashes independent of alcohol involvement 

(economic conditions, weather, traffic enforcement levels, safety policies, and programs, 

etc.). The ARIMA noise model for all series is of the form (0,0,2)(0,0,0)12. In this case, the 

well-known seasonality in fatal crash counts was adequately controlled via the non– alcohol-

related crash covariate, obviating the need for seasonal ARIMA parameters. We assumed 

that residuals were normally distributed, which is justified when the mean count of events 

per observation time unit is approximately 20, as was the case here. We analyzed each of the 

10 BAC imputations separately, and combined the results from each imputation with PROC 

MIANALYZE in SAS version 9.3 (SAS Institute Inc, Cary, NC) to obtain the correct (i.e., 

larger) standard error estimates after taking into account the imputations.

To estimate the percentage change in number of fatal motor vehicle crashes, we also 

estimated models with log-transformed crash frequencies as the outcome. We used the β1 
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estimate from the log-transformed model to calculate the percentage change with 

100*(eβ1−1). We ran all models with PROC ARIMA in SAS 9.3.

We ran a second set of models, restricted to crashes with a driver (as opposed to passenger) 

fatality, to examine the possibility of differential effects by race. We estimated all models 

with an ARIMA model with structural parameters of the same form used in the full sample 

analyses. For consistency, we also reestimated the population-level effect as well as the age, 

gender, and BAC subgroup-specific effects with only driver fatalities (instead of all drivers 

involved in fatal crashes) to facilitate comparison of the race-specific results to the other 

estimates.

In sensitivity analyses, we reestimated the overall effects while incorporating alcohol-related 

crashes in Wisconsin as a comparison, and we conducted post hoc analyses on whether a 

portion of the estimated alcohol tax effect was potentially attributable to the implementation 

of a 2008 smoke-free indoor air law in Illinois (as suggested by one of the reviewers) or 

affected by the Great Recession of 2008, when the economy sharply contracted to a greater 

degree than had occurred since 1929.

We tested the statistical significance of the differential effects of the Illinois excise tax 

increase by subgroup with a z test comparing the differences between the estimated 

percentage change for each set of subgroups.20 For subgroup models with low mean 

monthly crashes, the assumption of normally distributed residuals might be violated. To test 

the robustness of the results, we also estimated a parallel set of generalized linear mixed 

models, assuming a Poisson-distributed outcome and an AR(1) covariance structure with 

PROC GLIMMIX in SAS 9.3. We observed no substantive differences between the ARIMA 

and Poisson models; thus, only ARIMA model results are shown.

RESULTS

Analyses revealed a statistically significant reduction in fatal alcohol-related motor vehicle 

crashes of 9.9 per month after the September 2009 Illinois alcohol excise tax increase, 

representing a 26% reduction from the number expected had the tax rate not changed (Table 

1, Figure 1). The effect was larger among drivers younger than 30 years (−37%) than among 

those aged 30 years and older (−23%). The effect of the tax appeared to be larger among 

men than women, but the difference was not statistically significant. A baseline mean of 

only 5 crashes per month among women (vs 30 for men) illustrates the dramatically reduced 

statistical power to measure effects among women separately and the limited power to 

assess whether effects for men and women differed significantly.

The tax increase significantly reduced crashes both among drivers with somewhat elevated 

BACs (< 0.15 g/dL) and among those with very high BACs (‡ 0.15 g/dL), and the 

magnitude of effect was the same for these 2 groups (22%–25% reductions).

Analyses restricted to the set of fatal crashes where a driver died showed no substantive 

differences from the patterns of effects seen with the full data set (Table 2). The sole 

purpose of the restricted data set was to enable analyses by race, which is recorded only for 

dead drivers. Results suggested a larger tax effect among White than non-White drivers, but 
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the difference was not statistically significant. However, because the diverse group of non-

White drivers only accounted for a third of the driver deaths, statistical power to evaluate the 

race-specific effects of the tax increase was limited.

All these analyses included Illinois non– alcohol-related fatal crashes as a control, ensuring 

that observed effects were not attributable to any of the many other intrastate factors that 

could affect crash rates. To ensure that observed effects were not confounded by other 

unmeasured cross-state factors affecting alcohol-related crash rates specifically, we 

reestimated the model, incorporating Wisconsin alcohol-related fatal crashes as the control 

(Wisconsin did not change alcohol tax rates during the study period). Results showed a 

virtually identical estimated effect of the Illinois tax increase of −9.7 (95% confidence 

interval [CI] = −14.0, −5.4) crashes per month, representing a 26% (95% CI = −33.5%, 

−16.6%) reduction, which provided further evidence that the observed effect in Illinois was 

attributable to the tax change and not to other regional factors affecting alcohol-related crash 

rates.

Two additional model specifications provided further confirmation of a causal interpretation 

of the alcohol tax effect. Simultaneously controlling for both the intrastate and cross-state 

comparison time series produced an estimated effect of −7.6 (95% CI = −11.6, −3.5) crashes 

per month, representing a −21% (95% CI = −29.4%, −12.5%) change. Applying the Illinois 

tax change variable to the comparison state outcome series produced no significant effect, as 

expected.

Finally, we and the reviewers noticed post hoc from Figure 1 an apparent significant 

reduction in Illinois alcohol-related crashes in 2008. A reviewer suggested that this might be 

attributable to the implementation of a state-wide smoke-free indoor air law in January 

2008, although it must be noted that previous research in other states found no significant 

effect of smoke-free laws on alcohol-related crashes.21 Nevertheless, addition of a dummy 

variable for the 2008 Illinois smoke-free law as suggested by the reviewer showed a 

significant decline in alcohol-related crashes in Illinois of −20% (95% CI = −29.2%, 

−10.4%) starting in January 2008; the estimated effect of the September 2009 alcohol tax 

increase remained significant but the magnitude decreased to −15% (95% CI = −24.5%, 

−3.3%). However, when we applied this post hoc model, including the January 2008 dummy 

variable, to the Wisconsin comparison state data series, we found an almost identical 

estimated significant effect of −19.9% (95% CI = −28.4%, −10.4%) in Wisconsin. 

Wisconsin did not implement a similar smoke-free law until 2.5 years later (July 5, 2010), so 

the observed decline in alcohol-related crashes starting in early 2008 in both states cannot be 

attributed to smoke-free laws. Employment and incomes contracted sharply and suddenly 

starting in 2008 in both states, and observed declines in alcohol-related crashes at this time 

were likely an effect of the Great Recession.

DISCUSSION

Our study extends previous findings by confirming statistically significant and sizable 

effects of increasing alcohol excise taxes on fatal motor vehicle crashes, a leading cause of 

alcohol-attributable deaths. Specifically, the September 2009 Illinois alcohol tax increase 
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reduced fatal alcohol-related motor vehicle crashes by 119 per year from September 2009 

through December 2011, a 26% decrease from what would have been expected to occur 

during this period without the tax change. This reduction in crash deaths occurred despite 

the fact that the expected increase in the retail price of beer and wine following the tax 

increase was less than 1 cent per drink, and the expected increase in the retail price of liquor 

was less than 5 cents per drink. Our results indicated that modest increases in alcohol taxes 

can reduce alcohol-related crash deaths, despite the long-standing and widespread secular 

trend toward reduced alcohol taxes (adjusted for inflation) and thus increased alcohol 

affordability.

Our study also contributes to inference regarding the dose–response effect of alcohol taxes. 

Although cross-elasticity estimates across the range of alcohol products remain undeveloped 

in the literature, we know that when the price of one type of beverage goes up, consumers 

shift some of that consumption to other types of alcohol whose prices have remained 

constant.22 In a situation where only one type of alcohol is subject to a tax increase (e.g., 

only beer or only spirits), one would therefore expect the change in total ethanol intake to be 

smaller than in a situation where taxes are simultaneously increased on all types of alcohol, 

as occurred in Illinois.23,24

The quite large effects we found represented the first 28 months’ experience after the tax 

change. Effects of this particular policy change might be expected to dissipate slowly over 

the coming decade, because the Illinois excise tax is not currently indexed for inflation, and 

thus the real value of the tax decreases gradually over time, reducing its restraint on 

drinking. Another factor that might have contributed to our larger-than-expected effects was 

the special situation commonly called the Great Recession. Any alcohol tax increase reduces 

the affordability of alcoholic beverages to some degree, but the effects we observed were 

likely larger than expected because they occurred during a period of particularly severe 

contraction in disposable incomes. Controlling for this apparent Great Recession effect 

reduced the magnitude of the estimated alcohol tax effect from −26% to −15%. Final 

resolution of the question of how much of the effects we observed was attributable to the 

special Great Recession conditions will require longer follow-up studies of Illinois and 

replications in other states.

Our study also illustrates practical limits on recent calls for more analyses of demographic 

subgroup differences in alcohol tax policy effects.3 The core issue is reduced statistical 

power to accurately measure policy effects on smaller segments of the population, 

exacerbated by limited collection of relevant variables (e.g., race collected only for some 

drivers involved in fatal crashes). Nevertheless, our findings suggested that the differential 

effects of the 2009 alcohol tax increase in Illinois on various demographic groups, though 

often not statistically significant, appeared to be broadly consistent with known differences 

in the risk of alcohol-related crashes in these populations. For example, point estimates 

suggested that male drivers were affected by the tax increase more than were female drivers, 

which is logical, because, on average, men drink at higher rates.25 But reliably assessing 

gender differences in tax effects is difficult because exposure to crash risk by women, as 

measured by annual vehicle miles traveled, is only two thirds that of men.26 Similarly, our 

point estimates suggested that White drivers were more affected by the tax change than were 
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other drivers. However, exposure to crash risk is lower among drivers from other racial 

groups.26

Differential alcohol tax effects across subgroups also appear to vary by health outcome 

examined, probably because risk exposure profiles by group also vary by outcome. For 

example, another study evaluated the same 2009 Illinois tax increase, except that the 

outcome measured was sexually transmitted infections rather than traffic crash outcomes; 

much larger reductions in sexually transmitted infections attributable to the tax increase 

occurred among Blacks than Whites, probably in part because of the much higher risk (and 

rates) of such infections among Blacks than Whites.12

Analyses stratified by alcohol concentration are fundamentally different than stratifications 

by demographics, because alcohol concentration results can indicate how alcohol taxes 

affect individuals with different drinking patterns. We dichotomized crash-involved drivers 

such that a sizable proportion fell into each of the 2 groups. Our cutpoint, therefore, was at a 

high BAC of 0.15 grams per deciliter, which requires ingesting about 6 drinks in 1 hour for 

most adults,27 far exceeding typical cutpoints used to define binge drinking (‡ 4 alcoholic 

drinks on 1 occasion for women and ‡ 5 drinks on 1 occasion for men).28 A portion of these 

drivers with BACs above 0.15 grams per deciliter likely represented dependent drinkers,19 

but a larger group of binge drinkers average 4 episodes a month, consuming an average of 8 

drinks each time,28 and 85% of self-reported alcohol-impaired driving episodes in the 

United States involve such binge drinkers.29 Therefore, our results suggest that increasing 

alcohol excise taxes reduces alcohol consumption among binge drinkers and thus reduces 

the risk of alcohol-impaired driving and alcohol-related crash deaths following binge 

drinking as well.

Our observation of essentially equal effects of the tax change on lighter- and heavier-

drinking drivers is noteworthy, because the conventional view among economists is that 

heavy drinkers, although still responding somewhat to price changes, are less responsive 

than those who drink in moderation.30

The 2009 increase in beverage alcohol excise taxes in the State of Illinois significantly 

reduced fatal alcohol-related motor vehicle crashes, with slightly larger effects on younger 

drivers than older drivers and equal effects on the heaviest drinkers and those who drank 

less. Replication of similar alcohol tax increases in other states could prevent thousands of 

car crash deaths annually, complementing other evidence-based strategies for reducing 

alcohol-impaired driving.
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FIGURE 1. 
Fatal alcohol-related motor vehicle crashes per month: Illinois, 2001–2011.

Note. Alc = alcohol.
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TABLE 1

Effect of 2009 Illinois Alcohol Excise Tax Increase on Fatal Alcohol-Related Motor Vehicle Crashes

Baseline Mean 
Monthly Crashes, 

No.
Change in Monthly Crashes,

a 

No. (95% CI)
Net change, % (95% CI) Subgroup Difference, P

Overall 43.3 −9.9 (−14.9, −5.0) −26.4 (−35.8, −15.6)

Age, y

 <30 16.7 −5.3 (−7.9, −2.7) −37.2 (−48.0, −24.2) .05

 ≥30 18.4 −3.7 (−6.0, −1.4) −23.2 (−34.0, −10.7)

Gender

 Male 30.0 −7.7 (−11.0, −4.4) −29.7 (−38.3, −19.9) .18

 Female 5.2 −1.1 (−2.2, 0.1) −19.0 (−37.9, 5.7)

Alcohol concentration

 Elevated (< 0.15 g/dL) 18.0 −3.0 (−5.4, −0.5) −21.7 (−33.5, −7.8) .37

 Very high (≥ 0.15 g/dL) 25.3 −5.7 (−8.9, −2.4) −24.5 (−34.9, −12.4)

Note. CI = confidence interval.

a
Stratum-specific estimates do not sum to the overall estimate because of missing data on the stratifying variables.
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TABLE 2

Effect of 2009 Illinois Alcohol Excise Tax Increase on Alcohol-Related Motor Vehicle Crashes Resulting in 

Driver Fatalities

Baseline Mean 
Monthly Crashes, 

No.
Change in Monthly Crashes,

a 

No. (95% CI)
Net change, % (95% CI) Subgroup Difference, P

Overall 30.1 −6.1 (−10.7, −1.37) −19.0 (−31.3, −4.5)

Age, y .15

 < 30 9.9 −2.6 (−4.7, −0.5) −25.8 (−42.7, −4.1)

 ≥30 12.5 −1.8 (−4.1, 0.5) −11.1 (−29.0, 11.5)

Gender .13

 Male 19.3 −4.7 (−7.7, −1.6) −23.5 (−35.6, −9.2)

 Female 3.3 −0.3 (−1.2, 0.6) −5.9 (−30.1, 26.7)

Alcohol concentration .4

 Elevated (< 0.15 g/dL) 11.6 −1.8 (−3.8, 0.3) −17.2 (−32.6, 1.8)

 Very high (≥ 0.15 g/dL) 18.6 −3.8 (−6.7, −0.9) −19.9 (−32.9, −4.4)

Race .13

 White 19.7 −4.6 (−7.8, −1.4) −23.4 (−36.4, −7.9)

 Other 10.5 −1.0 (−2.8, 0.7) −10.7 (−26.4, 8.4)

Note. CI = confidence interval.

a
Stratum-specific estimates do not sum to the overall estimate because of missing data on the stratifying variables.
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