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EPIDEMIOLOGY

Alcohol

E pidem io logica l  s t u d i e s  i n d i c a t e  t h a t  about 50% o f  a l l  f a t a l  automobile  

a c c i d e n t s  in  th e  United S t a t e s  i n v o lv e  a l coh ol  u s e J  The most common l eg a l  

c r i t e r i o n  fo r  a l coho l  i n t o x i c a t i o n  in  the  U.S.  i s  a blood al cohol  concen

t r a t i o n  (BAC) equal to  or in  e x c e s s  o f  0.10%. A c tu a l ly  a l a r g e  proport ion  

o f  the  popu la t i on  may be impaired on sensory and motor ta s k s  a t  lower concen

t r a t i o n s ,  as  su g g es ted  by most ep ide m io lo g ic a l  s t u d i e s  i n d i c a t i n g  a s i g n i f i 

c a n t l y  in c rea s e d  r i s k  o f  an a c c i d e n t  s l i g h t l y  below or a t  0.08%.2

E pidem io logica l  s t u d i e s  show t h a t  a d i s p r o p o r t io n a t e  number o f  f a t a l  auto  

cr a s h e s  i n v o l v e  16-24 y e a r  ol d  men. In one s tu dy,  t h i s  group was found to  be 

in v o lv e d  in  42% o f  a l c o h o l - r e l a t e d  f a t a l  crashes  but c o n s t i t u t e d  only 20% of  

l i c e n s e d  d r i v e r s J  The reasons  fo r  t h i s  discrepancy are co m pl ica te d .3  The 

r e l a t i v e  r i s k  o f  a f a t a l  automobi le  a c c id e n t  in the  16-19 y e a r  o ld  group i s  

hig her  than in  the  o l d e r  age groups a t  the  same BAC.2 Roadside surveys  show 

t h a t  the  l o w e s t  frequency o f  high BAC's (>0.15%) occurs  in  the  16-17 y ear  o l d s  

and t h a t  th e  frequency i n c r e a s e s  up to  the  30-34 y ea r  age group .^>5 The f r e 

quency o f  dr ink ing and d r i v i n g ,  according to  s e l f - r e p o r t ,  i s  age dependent and 

i n c r e a s e s  with age.6>? Thus, in e x p e r i e n c e  with both drinking and d r iv ing  may 

account  f o r  some o f  the  d i s p r o p o r t io n a t e  number o f  f a t a l  auto a c c id e n t s  occur

r ing in  the  younger group.

The h ig her  preva len ce  o f  drinking  among o ld e r  d r iv e r s  may p a r t i a l l y  ex p la in  

why more o f  them are a r r e s t e d .  The a r r e s t  r a t i o  (% o f  a rr e s t e d  DWI's a t  a 

g iven  age f  % o f  f a t a l l y  i n j u r e d  drinking d r i v e r s  in  the  same age group) i s  

lower f o r  the  <30 than the  >30 age group .8 A low a r r e s t  r a t i o  i s  e s p e c i a l l y  

t r ue  fo r  drinking  d r i v e r s  <20 y e a r s  o f  age.

D r iv e rs  in v o lv e d  in  a l c o h o l - r e l a t e d  f a t a l  cr ashes  are predominantly men9 

even though women tend t o  become more i n t o x i c a t e d  and have higher  BAC's 

a f t e r  s i m i l a r  i n t a k e J 0 Even with  the  same BAC, female d r i v e r s  tend to  be 

more impaired and are more l i k e l y  to  become in v o lv e d  in  an auto a c c i d e n t  than 

m e n J l  The degree  o f  impairment a t  a g iven BAC may vary in  women with  phase  

o f  menstrual  c y c l e  or use o f  oral  c o n t r a c e p t i v e s J 2 , 13 j ^ e  reason t h a t  the  

pro por t io n  o f  a l c o h o l - i n v o l v e d  a c c i d e n t s  i s  sm al ler  f o r  women than men appears  

t o  r e f l e c t  fewer women d r iv in g  a f t e r  d r i n k i n g . 9
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The m a j or i ty  o f  a l c o h o l - r e l a t e d  auto a c c id e n t s  (>50%) occur a t  th e  week

end,  e s p e c i a l l y  during the  evening  hours ,  and in  th e  summer. In the  United  

S t a t e s  th er e  i s  a l s o  a v a r i a t i o n  in  a c c id e n t  r a t e  depending on l o c a l e ,  with  

more f a t a l i t i e s  occ ur ring  in  rural  a r e a s . ^

L i c i t  Drugs

In a d d i t io n  to  a l c o h o l ,  o th e r  drugs may c o n t r ib u t e  to  an in c r e a s e d  a c c id e n t  

r i s k l S , 1*). Although the  presenc e o f  p r e s c r i p t i o n  and n o np rescr ip t io n  drugs  

can be documented in d r i v e r s  in v o lv e d  in  a c c i d e n t s  i t  i s  d i f f i c u l t  to  a s c e r 

t a i n  t h e i r  c o n t r ib u t i o n  t o  the  r i s k  o f  a t r a f f i c  a c c i d e n t .  Drugs with var ious  

mechanisms o f  a c t i o n ,  such as s e d a t i v e / h y p n o t i c s ,  a n t i  a n x ie t y  m e d ic a t io n s ,  

anti  d ep ressan ts  and a n t i h i s t a m in e s  can cause  psychomotor impairment.  Many o f  

t h e s e  drugs have been shown t o  impair s k i l l e d  performance in  the  l a b o r a t o r y .

The benzod ia zep ines  cause  psychomotor impairment when t e s t e d  in  the  l aborato ry  

s e t t i n g  and t h e i r  use  appears  to  be a s s o c i a t e d  with  an in c r ea s e d  a c c id e n t  r i s k .  

Neuteboom e t  a l . l ?  found t h a t  drugs were p res e n t  in  9.7% o f  samples from d r i v 

e r s  su spec te d  o f  drunk d r i v i n g  in  th e  Neth erlan ds .  Of drugs which might cause  

psychomotor impairment,  the  ben zod ia zep ines  were the  most common. In a study  

performed in  C a l i f o r n i a  on 15-34 y e a r - o l d  v i c t i m s  o f  f a t a l  ca r  a c c i d e n t s ,  

a lcoh ol  was p r ese n t  in  70% and diazepam and phenylpropanolamine were found in  

4 and 3% o f  th e  samples1 8 . Skegg e t  a l . 1 6  found,  when he compared p r e s c r i p 

t i o n s  fo r  the  prev ious  3 months in  f a t a l  auto a c c i d e n t  v i c t i m s  to  c o n t r o l s ,  

t h a t  th o se  in v o lv e d  in  the  a c c i d e n t s  were 4 . 9  t im es  more l i k e l y  to  have ob

t a i n e d  a p r e s c r i p t i o n  f o r  a minor t r a n q u i l i z e r  such as a ben zo d ia zep ine .  

Honkanen e t  a l . 1  ̂ a l s o  found t h a t  a s p e c i f i c  b en zod ia zep ine ,  diazepam, might  

be a con tr ib u to ry  f a c t o r  in  1-5% o f  car  a c c i d e n t s  in H e l s i n k i .  Futhermore,  

many ben zo d ia zep ines  appear to  produce s u f f i c i e n t  hangover when taken as hyp

n o t i c s  t o  cause  some psychomotor impairment in  s im u la ted ,  c l o s e d  cours e  and 

real  road d r iv in g  t a s k s .  The ben zod ia z ep ines  with lo ng er  h a l f l i v e s ,  e . g .  

f lurazepam, cause  more hangover than th o s e  with  sh o r te r  h a l f l i v e s ,  such as  

tr ia zo lam  1 9 ,2 0 .

In a re ce n t  review o f  th e  l i t e r a t u r e ,  Tsuang e t  a l . 21 reported  on the  

r o l e s  o f  psychopathology and p e r s o n a l i t y  v a r i a b l e s  in  t r a f f i c  a c c i d e n t s  and 

concluded t h a t  i t  i s  not  always  c l e a r  which i s  the  g r e a t e r  r i s k  f a c t o r  fo r  

a c c i d e n t s ,  the  p resc r ibed  medica t ion or  an under ly ing i l l n e s s .  Although  

numerous s t u d i e s  have attempted to  d e f i n e  p e r s o n a l i t y  v a r i a b l e s  a s s o c i a t e d  

with an inc rease d  r i s k  fo r  t r a f f i c  a c c i d e n t s ,  few have s t u d ie d  t h i s  r e l a t i o n 

sh ip  in p s y c h i a t r i c  p o p u la t io n s .  Eelkema e t  a l . 2 2  performed the only  ca se  

control  study in  which the  pre and p o s t  h o s p i t a l  d r iv in g  record s  o f  238 d i s 

charged p s y c h i a t r i c  p a t i e n t s  were compared t o  238 c o n tr o l  s u b j e c t s  matched
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f o r  age ,  sex  and l o c a l e .  They found t h a t  p s y c h o t i c  and psych one ur ot ic  men 

and women had h ig her  p reh o s p i t a l  a c c id e n t  r a t e s  when compared with c o n t r o l s ' .  

However, t h e i r  a c c id e n t  r a t e s  a f t e r  d is c harge  were lower than the  c o n t r o l s ' .  

Men with p e r s o n a l i t y  d i s o r d e r s  showed higher  a c c id e n t  r a t e s  than c o n t r o l s  

both pre and p o s t  d i s c h a r g e ,  and o v e r a l l  e x h i b i t e d  the  l e a s t  improvement 

a f t e r  d i s c h a r g e .

I l l i c i t  Drugs

When i l l i c i t  drugs are found they are o f t e n  in  combination with a l c o h o l .

In one s tu d y ,  young d r i v e r s  from f a t a l  crashes  in  C a l i f o r n i a  were t e s t e d  fo r  

drugs and a l c o h o l .  I t  was found t h a t  70% had al coh ol  and 37% marijuana in  

t h e i r  b lo o d l S .  j h e  percen ta ge  o f  samples c o n ta in in g  marijuana was higher  

than th e  12% found in a Canadian study2 ,̂ although the  p ercen ta ges  o f  d r iv e r s  

with al coho l  were s i m i l a r .  In the  C a l i f o r n i a  s tu dy,  th ose  with marijuana 

a lo n e  comprised 12% o f  the  sample.  Other i l l i c i t  drugs found in  3-11% o f  

samples inc luded  c o c a i n e ,  p h e n c y c l id in e  and methamphetamine. More than 90% 

o f  th e  a l coho l  p o s i t i v e  d r i v e r s  were judged r e s p o n s i b l e  fo r  the  a c c id e n t .

In th e  19 d r i v e r s  p o s i t i v e  f o r  marijuana a l o n e ,  r e s p o n s i b i l i t y  f o r  the  a c 

c i d e n t  was as s ig n e d  to  53%.

LABORATORY

Most s t u d i e s  measuring psychomotor e f f e c t s  o f  drugs and a lcohol  have been 

performed in  the  l a b o r a t o r y .  This  makes i t  d i f f i c u l t  to  e x t r a p o la t e  t h e i r  

r e s u l t s  t o  actua l  d r i v i n g ,  a l though wel l  des igned labora tory  s t u d i e s  can 

prov ide  i n s i g h t  i n t o  mechanisms o f  impairment.

Dr iv ing  i s  a complex a c t i v i t y  and even r e l a t i v e l y  s imple  maneuvering o f  a 

ca r  r e q u ir e s  p e r c e p t i o n ,  informat ion  p r o ce ss in g  and motor co o r d in a t io n .  

Important f o r  s a f e  d r iv in g  i s  the  a b i l i t y  o f  the  d r iv er  t o  p roce ss  i n f o r 

mation q u ick ly  and a c c u r a t e l y .  A number o f  t e s t s  have been des igned to  

i n v e s t i g a t e  in fo rm at ion  p r o c e s s in g .  T e s t s  in v o l v i n g  d iv id ed  a t t e n t i o n  show 

impairment a t  BAC's < 0.05%24>2 5 , 2 6 .  Moskowitz e t  a l . 24 have a l s o  reported  

t h a t  marijuana causes  a d o s e - r e l a t e d  impairment in  th e  d e t e c t i o n  o f  s t i m u l i  

l o c a t e d  in  th e  periphery o f  the  v i s u a l  f i e l d ,  probably r e f l e c t i n g  impair

ment in  in form atio n  p r o c e s s in g .

V i g i l a n c e  i s  a measure o f  the  a b i l i t y  o f  an observer  to  perform a mono

tonous ta sk  f o r  a prolonged per iod  o f  t im e .  Laboratory measures o f  v i g i l a n c e  

may prov ide in fo rm at ion  r e l e v a n t  to  long d i s t a n c e  d r iv in g  on r e l a t i v e l y  empty 

highways.  Moskowitz and DePry2 ? found no impairment in  audi to ry  v i g i l a n c e  

f o l l o w i n g  a dose o f  a lcoho l  c a l c u l a t e d  t o  produce a BAC between 0 .0 7  and

0.08%. However, Erwin e t  a l . 2® found an in c rea s e d  number o f  e r r o r s  o f  omis-
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s ion  in  s u b j e c t s  with BAC's >_ 0.08% in a v i s u a l  v i g i l a n c e  t a s k .  These f i n d 

i n g s  were l a r g e l y  r e l a t e d  to  drowsiness  produced by a l c o h o l 2 8 , 2 9 .

TABLE 1

APPROXIMATE SENSITIVITY LIMITS OF PSYCHOMOTOR TASKS TO BLOOD ALCOHOL 

CONCENTRATIONS (BAC)

Task BAC

Divided A t ten t io n >0.02%26*

Pu rsu i t  Tracking >0.04%29

Visual  V i g i l a n c e >0.08%28

Closed Course Dr iv ing -  Avoidance Maneuver _>0.04%30

^ S u p e rs cr ip t s  i n d i c a t e  the  number o f  r e f e r e n c e

In a d d i t i o n  to  s t a y i n g  a l e r t  and a c c u r a t e l y  o rg a n iz in g  sen sorimot or  i n 

formation and u t i l i z i n g  sound judgment,  i t  i s necessary  f o r  d r i v e r s  to  con-

t i n o u s l y  monitor the  environment.  Many laborato ry  s t u d i e s  have i n v e s t i g a t e d  

t h e  e f f e c t s  o f  a lco hol  and o th e r  drugs on eye movements. Although the  r e s u l t s  

o f  t h e s e  s t u d i e s  may not  be e a s i l y  e x t r a p o la t e d  t o  real d r iv in g  s i t u a t i o n s  they  

do prov ide  ev id en ce  o f  r e l e v a n t  pharmacological  e f f e c t s  t h a t  are o f t e n  d i f 

f i c u l t  to  q u a n t i fy  in  real  d r i v i n g  s i t u a t i o n s .

Alcohol  and b a r b i t u r a t e s  e x e r t  s i m i l a r  e f f e c t s  on eye  movements. They both  

impair smooth p u r s u i t  movements, where the  eye s  i n v o l u n t a r i l y  track  an o b j e c t  

moving a cr o ss  the  v i s u a l  f i e l d .  Both the  speed and accuracy o f  t h e s e  movements 

are imp aired31 -35# i n an e f f o r t  t o  c o r r e c t  f o r  t h i s  impairment,  the  eye s  i n i 

t i a t e  sa cc a d ic  movements which are rap id ,  con ju gate  movements o f  the  eyes  

from one f i x a t i o n  p o in t  to  a noth er .  The th r e s h o ld  speed a t  which saccades  

are employed i n s t e a d  o f  smooth p u r s u i t  i s  decr eased  by both moderate blood  

co n ce n t ra t io n s  o f  a lcohol  (^_0.05%) and r e l a t i v e l y  low doses  o f  barbiturates^2>  

3 3 , 3 5 - 3 8 .  Saccadic  eye  movements are a l s o  impaired a t  s l i g h t l y  higher  concen

t r a t i o n s  (>0.10%) o f  a l c o h o l .  A d d i t i o n a l l y ,  th e  l ength  o f  t ime from th e  s t i 

mulus p r e s e n t a t io n  to  the  i n i t i a t i o n  o f  an eye movement i n c r e a s e s 3 9 - 4 2 #

Another type o f  eye movement a f f e c t e d  by both drugs i s  nystagmus.  Nys

tagmus c o n s i s t s  o f  compensatory j e r k i n g  eye movements i n i t i a t e d  in  response  

t o  s t i m u l a t i o n  o f  the  v e s t i b u l a r  system.  Alcohol  causes  two ty p es  o f  nys

tagmus; l a t e r a l  gaze and p o s i t i o n a l .  Lateral  gaze nystagmus occur s  a t  a 

r e l a t i v e l y  low BAC o f  about 0.06% when the  eye s  are d ev ia t e d  l a t e r a l l y  a t  a
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30-40°  a n g le4 ^. i t  may impair  the- d r i v e r s '  a b i l i t y  to  a c c u r a t e ly  perc e iv e  

t a r g e t s  in  th e  periphery o f  the  f i e l d  o f  v i s i o n .

TABLE II

SUMMARY OF EFFECTS OF DRUGS ON EYE MOVEMENTS

Ethanol B a rb i tura tes Benzodiazepines Marijuana

Saccadic

Maximum V e l o c i t y s i  owed slowed slowed una l te red

Latency i ncreased i ncreased una l te red u na ltered

Accuracy una l te red u na l te red undershoot? u na l te red
Smooth P u r s u i t

Maximum V e l o c i t y s i owed si owed slowed una l te red

Nystagmus produces produces modi f i  es unaltered

& m o d i f i e s & m o d i f i e s

Vergence impai red impai red impai red impai red

Vergence eye  movements a l s o  show a l c o h o l - i n d u c e d  impairment.  These move

ments a l low  t h e  eye to  fo cus  a t  v a r io u s  d i s t a n c e s  by u t i l i z i n g  d is co njug a t e  

movements. These movements work in  c o n c e r t  with accomodation o f  the l e n s  and 

p u p i l l a r y  c o n s t r i c t i o n  to  i n c r e a s e  the  c l a r i t y  o f  v i s i o n .  Alcohol  causes  

outward d e v i a t i o n  o f  the  ey e s  (e xophoria )  a t  near,  and inward d e v ia t io n  o f  the  

ey e s  ( e s o p h o r ia )  a t  f a r  d i s t a n c e s 44"4 6 . The p o in t  o f  v i s u a l  convergence moves 

c l o s e r  a t  a BAC o f  approximately  0.05%4 4 . This  causes  impairment o f  depth and 

d i s t a n c e  p e r c e p t i o n .  These f i n d i n g s  s u g g e s t  t h a t  the  a l co h o l - im p a ir ed  dr iv e r  

tends  t o  be l e s s  a b le  to  v i s u a l l y  d e t e c t  p o t e n t i a l l y  dangerous t r a f f i c  con

d i t i o n s  due t o  a s ev e re  impairment o f  a m u l t i tu de  o f  oculomotor f u n c t i o n s .

The e f f e c t s  o f  drugs o th er  than b a r b i t u r a t e s  and al cohol  upon eye  move

ments have not been e x t e n s i v e l y  i n v e s t i g a t e d .  Moskowitz e t  a l . 24 have re p o r t 

ed a d o s e - r e l a t e d  d ecrea se  in d e t e c t i o n  o f  l i g h t  s t i m u l i  in  the  periphery o f  

th e  f i e l d  o f  v i s i o n  a f t e r  marijuana. This  f i n d i n g  may a c t u a l l y  r e f l e c t  a 

c o g n i t i v e  ra ther  than an eye  movement e f f e c t .  Diazepam 5 mg o r a l l y  reduces  

th e  v e l o c i t y  o f  s a cc a d ic  movements4 7 - 4 9 . Futhermore, Rothenberg and S e lko e50 

reported  a tendency f o r  smooth p u r s u i t  t o  be replace d  by s a cc a d ic  movements 

a t  a lower v e l o c i t y  f o l l o w i n g  diazepam. Ch lord iazepoxide  produces  e f f e c t s  

s i m i l a r  t o  diazepam4 8 , and amphetamine51 causes  a s l i g h t  near e so p h o r ia  and 

d i s t a n c e  exophor ia ,  in  c o n t r a s t  to  a l c o h o l .  None o f  t h e s e  e f f e c t s  are as 

dramatic as th o s e  f o l l o w i n g  r e l a t i v e l y  low doses  o f  a l coho l  or  b a r b i t u r a t e s .



68

In summary, e p id e m io lo g ic a l  s t u d i e s  s u g g e s t  t h a t  the  presenc e o f  BAC's >_

0 . 0 8 . ,  young age ,  and male sex may be the  th r e e  most s i g n i f i c a n t  r i s k  f a c t o r s  

a s s o c i a t e d  with  a f a t a l  automobi le  crash .  Both l i c i t  and i l l i c i t  drugs may 

a l s o  be c o n t r ib u t i n g  r i s k  f a c t o r s ,  e s p e c i a l l y  when used in  combination with  

a l c o h o l .  Laboratory s t u d i e s  show s i g n i f i c a n t  psychomotor and eye  movement 

impairment with BAC's as low as <0.05%. Other drugs may a l s o  cause  s i m i l a r  

impairment but ,  with the  ex c ep t io n  o f  b a rb it u r a te - in d u c e d  eye movement changes ,  

t h e s e  changes during r e g u la r  use are  u s u a l l y  m i ld er  than th o s e  caused by r e l a 

t i v e l y  low doses  o f  a l c o h o l .  An important p o in t  i s  t h a t  most o f  t h e s e  drugs  

have a d d i t i v e  e f f e c t s  when combined with a l c o h o l ,  and the  segment o f  popula t io n  

which most o f t e n  combines r e c r e a t i o n a l  drugs with  a lcohol  i s  young men who form 

the  high a c c i d e n t  r i s k  group.
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