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In- roduc t ion %

Wars have been a large factor in t he spread of tobacco use -

throughout the world and also in the increase of tobacco
smoking and other tobacco use where it: was al ready established
(Van Proosdv 1960). The cigarette was a parti ularlv conve-
nient way to use tobacco in combat situations, and great _%
increases in tobacco consumption occurred during the Crimean
War and later during World War I (Ashton and Stepnev 1982).
These wars and World War II also sharp ly increased smokin- in
the civilian population "... due partly to a desire for an
antidote to the heightened stresses and fatigue, . . " (Van
Proosdv). >ore recently, Ben-leir (1977) reported a survey of '

smoking habits after the 1973 Yom Kippur War that showed the
first increase in smoking rates in the Israeli population for 3
yr. Israeli smokers also significantly increased the number of
cioarettes smoked. Participants in two smoking cessation
programs, who had shown sharp decreases in smoking, returned
almost to preprogram smoking levels after the Yom Kippur War
broke out. A subsequent program with these same participants

failed to achieve earlier amounts of smoking reduction.

As a general rule, military personnel are much more likely
to smoke than the general population of the country (John 1977,
O'>lallev, Bachman, and Johnston 1978, Van Proosdv 1960). A
recently published study indicated that in 1977 smoking was
higher for both male and female Air Force personnel than for
the rest of the US population (Wetzler and Cruess 1985).

Newspaper reports of current discussions of smoking in the --%
Militarv and of the sale of cigarettes in commissaries indicate
soldiers still are more likely to smoke than their civilian

counterparts. However, these specific survey results were not
o bt a i Tied for this rev iew.

Smoking bv US military personnel was actively encouraged
for years when cigarettes were included with field-ration
packets. Although cigarettes are no longer provided in field
rations, military personnel still are encouraged to smoke by
such things as the relatively low price of cigarettes in
military retail outlets and regular breaks in military training
activities that, at least some years ago, were frequently
u reced-d by the announcement, "Smoke them if you have them."

Benefits and risks of smoking for soldiers 

and military operations .

Reduction of stress is a major reason many people give for
smoking (see Chapter 6: "Effects of smoking on arousal and -C ,

* .r%
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a~~~~~~~~~ ~ ~ ~ ~ ~ ~ b d tvr e i Istrs anadf~r I 1II1

have mtvjor dpalof fioh stfrm, ance and fea r) iah u o 1A 1a
seportedon.0fy solrs' frqmeny coba were ks L hib to tiit i os de t/%

f a ced Ii v d i s m o u n t e d i ni f- a ni t r v , s muo k i n g i s p) r oi 1a 1) 1 v Iin p u)os s i b I e .

S m o kin i s more compat iblIe v;i th sold(Ii er ac t iv itLIes i n aITrm or.
a rt i IIerI-v , and support op e ra-t ion s. However ,even for t he
infantryman , breaks in t he ac t ion or periods prior to the
action, would allow time for smokino No reports were found
which indicated whether smoking or smoki n g dcp1)r i vat ion aiffe(2c t ed
the combat performanice of soldIi ers- w ho s mok<e, o r wh;iettherI t hey
-ere more or less able to per form combat tas ks th!-an nonsmoking

sol diers . Interviews wi th combat veterans colI d help PMeet thi s
important research need (see Chapter 12: "Needs fur additional
research on smoking and soldier performance').

Al though smokinp, is subject ivelv viewed at, calm ,ii n"
smrioking i s almost. alIways associated wi th an inrcrease n i
phvsi oolgica I arouLisalI a s me asuitr ed byv heart rate, blood 1) re s-
suitr e. anItd c h ange s i n b)r a in elIect r icalI a ct i viv ( GilIbe rt 1 97-) ,
G ilIbe rt a nd Ila gen 1980l) .This percei ved calIming of the I

emotions in the face of increased' phy siological arousal i s
kn o wn a s N eshb i t t- s Pa ra d ox (Gilbe rt 1 9 7 9, chach 'I e r 197)3).
DespitLe much recent research on Nesbit L'Is Par ad ox w h ich w illIe r
h c, rev e we d i It t It i s ro e o r0 L , i t s t i I I i -,s 50 m ew h a t 0 1 a ) ai r a d o X .
Hlowever , ais will be described, some physiological processes %

suhas sweat in,(' of the hands aind muscular refilexes usua LlIIv
dec rease wi th smoking. and for thlese processes t h ere (Is no;10b 1.

pa r aI (o x. In add(it ion, lie phyvs io010gical airousal wit h sit o k ing,
has been shown t o b)e relat ively smallI compared to that result -

ing, from other stressors like exercise or even the ingest ion of
faLt s (Sedowi ck e t alI . 1981) . W-% W

R~esearch t o be reviewed in this paper sugg _ests t hat even '%,

in nou1st ressfI uS Situat ions, smoking mav improve concent ration
in thle face of dii istract io o n c: gi cgnit ye ( t as ks tih atL are it o t

uiike m ri I itarv tasks , such as computing art i II ccv or mortar L6I
fire -ettL ings or mToni turing aind responding to ai cathode-rav- ~ *

tube (CR F ) di sp )Iayv of Ian a ir def en1s e syvs te m sutich a s P1a tr iot
ti c In he itie f i t s f r om s III o k i n o w o u I d b e e x 1) e c t ei d t a c c r Itu 1)l a r t i C Lu -

l a r lv o the habtual smokr w ho wol i sufe ad it ioa
d is t ra ct ions. from it id raij waI s v mpt oms i f ie( could ( not smoke

S2 C 11 1 ha li c r 8 : ''Tb e e f f e c t u of t ha c c ( I e p) r i %7 a t i on i' O tii t h e
o th er haniTId, m u ch r ese a rch I refv iewI;ed( in1 t h1i s repi)or t sh1o ws- s mo0k ing

a -as (I u I c t e r i o u s r f I C t, s; o il I 1 v S ic a1 I W o r- 1< c ) a a i v , O il liea .t h
a n d c v e i p o s s i 1) 1 v o n v r v d] i II i u I! I t p I b 1 c- -s v i 11l t a sk s

I o t I Q T . Ihesc f- ic to rs %, on d o p) e a ;I e o recd uc .

1 d I iii r e f f c ti v c nes-s * v em i II mok in ii d i di It1o v i di k a bona i I d' 6

r ii i 1 o i omin at s t I tisO or I ill r v 0 Vii e it t ia t I o nit ii inc e IIt

IIt
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research also has shown sioki n- reduces a gressi veness (Chrek <.e
1981) and this might detract From performance in combat which . -..

s the ultimate in aggressi ve behavior. I

A ma jor purpose of this review is to explore and wei-h the
benefits and i abi iit [es associ ated wi th smok ing by miIi tarv ... ..

personnel for performance of the Armv's combat mission. This
is no siM pIe task. Smoking h i a lare numb er of differen t.
phvsio c and psychological effects inc uding those •
m(nt ioned above which should improve soldier rerformance and
m i I it a r v opr at i ns. ()n t h e o t he r ha d 11 , t h e e f fect s of smon .. i .-

o )0 n d u r,! nce a nd heal It h a ppe a r to be o r i i r i1v bad . imo i k in - -

ao discloses sol (ier positions star's fires, and contributes -

t0 t h e catIise, Of v(hi ( u I i r a0 C de It s. S iii o k ers a I so a r e much --

lore ka than nons ilokers to u.(, ot her d rugs an( to geL i nt o

t r o u b 1e .

Dusp it e thousands of research st id ies on smo i n , and its
effects on human beings onIv a small fraction o f these studies
na e been spec ifical I v directed at soldier p(,rformance or
!l I tarv ope'rat ions. As a result , this I paper wil frequ(entlv
( descr ibe applied research needed to determine whether "estab- -
I i she d e f f ec t s of smok ing on behav i or r e a I I v aire applicable to %

Tii 1 tarv act ivit ies which often are unique in their character
nd intens i t . Po I i c v ma. ers readi n g t hi s r e p or t u n d o u b t e d I Y NN,

wi I be frustrated by these frequent cal is for more research
bt ore' a bCen[eficil or detrimental ef ect of smoking can be

t(ta l ished in various general and specific mi litarv contexts.
I owever , the research proposed is straightforward arid results
could be obtnined in a few months following i nitiation of thes
1) r oj e ct s"

0
)verv iuw of this report %

1T is r view will cover the f oIl ow ing topics: po ition -..-s.o
(I c I o.S;u r e i n c o il b a t d o tO mok i ng a nd t obacco-seek i n
behavior; effects (i smokin, on ph vs i cal work ca pac i t Yand ,-.

l0 110( e ; I c s nllto k i 1- on v si on and p e r ce ptu i a I P o ces-
ii 5 .oc t i5 0 1 s ok i ng on 1 i% i I a ice u t- a 1)i d in fo rmatL i o n%

pr ssin , a 1 d i (I edI at t ent on cc t s o f smo ki o on '. i -
c, n i t i v( p ro( esses; e f ec t s o, smoking on aOr o u s a I a n d on t be

abi it v to deal with stress, 1ain , and fear; smokin,,-induced
hormonal c hang,'s. the effects of tobacco depri vat ion; smokin-
d i seas e r e I at i on s h i ps inrd thei r e f f e c t s on p rod ti t v i t \ ard
a0bsenteeism; the ref at ionsh ip 1ot smnoking to aLiuse o other ....
substances a nd to other negat ive traits and behaviors: associa-
t 0 b twe i si o k i n ai d o t h er f a c t otr ' ol p o t 0 nt i a I r e v an c e .r-,. '
to soIl i or e r di i o 0 a n eed s f or id( it jon a I r es r c h on
n king an ( so 1( it, r ) r to r mn 1 C C For t i ost part , chapters " '

i r (1)o r t c or- r 1)s o iid t i ( I i t ice abo ve t o i c . In 1
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those chapters where the data are primarily "psychoogical" or.
related to physical performance, much more description, -e J-
discussion, and evaluation of results occur than in chapters
where primarily physiological and medical research is reviewed. -
This reflects the background, experience, and training of the
author who is an experimental psychologist and a marathon
runner with many years of research on performance of infantry
soldiers and their leaders.

The report will not discuss research on why people start
to smoke, nicotine regulation, or techniques for reducing

smoking. This is not because these topics are not important to
the Army or other military branches, but because they are less
directly relevant to the topic of smoking and soldier perform-
ance, and because available resources limit the scope of this
report. For the reader interested in research on nicotine
regulation, i.e., the tend( ncy for the habitual smoker to
maintain constant levels of nicotine despite different inter-
vals between cigarettes or different nicotine levels of
cigarettes, this subject has recently been critically reviewed
by McMorrow and Foxx (1983). A brief recent review of smoking
cessation programs and other attempts to control smoking has
been provided by Fielding (1985b) I 'N.

.% , " -, .-.

Intended audiences for this report

The intended audiences for this report include research
scientists who study soldier performance, senior Army leaders

and policy makers, and commanders at the battalion level and
above (and their staffs). Policy makers of the Army (and other
services) need the information provide] in the report related
to I) the possible benefits associate,' with smoking for stress
management, performance of vigilance tasks, performance of
rapid information processing tasks, etc.; 2) the confirmed
large and unambiguous dangers smoking presents to soldier
health, physical performance, and combat position disclosure;
3) the possible problems associated with depriving habitual
smokers of tobacco; and 4) the constellation of negative
behaviors (e.g., delinquency, alcoholism, and drug abuse) that
frequentlv are associated with tobacco use.

Policy makers might wish to consider tobacco use as a
tactor in selection of military personnel. It is probable ,
i i yen st rong influences on smoking of peers (e.g., Antonuccio
mud ,ichtenstein 1980), older siblings (Spielberger et aI. X
I () ) I and teachers (>lurrav, Kirvluk, and Swan 1984), that ' r
Ilokin4 is higher in units where the leader smokes, al though
i r s probable reIat ionship of the s moking-status of leaders to

e1 s oF smok i rig of the i r so I dIi ors a I so has not been the .
i!) t of research (Sh, (hapt er 12: "Needs for additional

* % %%

" ,%," % % % %,'- - -, -, a-... .: ... , .... . ,,.. .



i . .5%*., 'S;. %
5;*. -'.p.W%

- •,

research on smokino and sold ier performanc ''). -f , ons e, :Io c T1 ,21
personnel were avai lable and other ref evant f ctor> u requa .
selection of nonsmokers for lea dershi p osi tons mih be a
useful strategv, for reducin ( smoking in the ,\rv. 

PoI icy makers also mi.fht consider other forms 0! nil rt in, ,

admini stration as a m ans to i, mprove performance or ,, r D c , ;
smoking. Although carbon monoxide and its assoc iatd ) ")')

compound carboxvhemoglobi n have been shown to be issoc ,td i d
wit h a heroscIerosis, endothel (, l eel c I damqge. and art ci ii 1- t- --
sI o, s, and although other components in cicarette sinmo( k o( c'h
as benzonvrene and polonium have been imp icated in dvelo -
ment of lung cancer (Clee and Clark 1982), nicotine alone ma-
not be particularly dangerous to health, when taken in smoking-
sized-doses through other means than smoking or other forms of
tobacco use. If the benefits of nicotine for performance on
vigilance and rapid information processing tasks (e.g._, l: esnes

1985) and the apparent benefits of nicotine for stress reduc-
ion ( , Nesbitt 1973) are to be exploited in combat

situations, then it should be through a form of nicotine

administration such as pills, chewing gum, or nasal sprays ..
(Russell et al. 1983, lWest et al. 198 4 a), instead of through

inhalation of the dangerous fumes produced by burning tobacco
products. However, more re'search is needed on these "benefits"

of nicotine, as well as research on the health, addiction, and
other possible consequences of these new forms of nicotine
administration before they should be considered by policy 
makers for Army use.

Army leaders at all levels should become aware of the
problems that soldiers who smoke pose to unit posit ion disclos- '
ure in combat, of the performance decrements that can be -
expected in "addicted" smokers in IOPP environments and other
situations where smoking is impossible, and of the general ....
decrements in physical endurance, and to a lesser extent
sensory performance, associated with breathing carbon monoxide
and other components of tobacco smoke.

Research scientists who study performance of military

personnel are the third main audience for this report. As Tong
et al. (1974b) pointed out for behavioral scientists in
general, military psychologists and other scientists who
investigate soldier performance must become aware of the
effects tobacco use has on a lmost every facet of human behav-
ior. The effect of smoking on performance during, i ntense
stress, such as that associated with combat (or even during the
lesser stress of airborne t raining), has not been studied and

I len, K luf t , and BPrommer (1983) have provided a hr i .-.-

review of health hazards of I ow C(()lb I eve Is.
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Chapter 1

Position disclosure in combat due to
smoking and tobacco-seeking behavior

Most of the literature found on position disclosure due to % ... \
smoking was of an anecdotal nature. For example, a 1944 Bill
Mauldin cartoon shows a medic lighting his pipe at night to the '> g
great concern of some nearby troops. "It's okay, Joe. I'm a

noncombatant," is the caption (Mauldin 1968).

The superstition, "Three on a match is bad luck," appar-
ently originated during the Boer War when British soldiers, who
were the third person to have their cigarettes lighted with the
same match, became frequent casualties of Boer President
Kruger's snipers. "It was argued that the sniper saw the flame

as the first cigarette was lighted, took aim at the illumina-
tion for the second cigarette and fired when the third light
was being given (Radford and Radford 1949)."

A review of military literature pertaining to combat in --

this nation's wars found some discussion of "light discipline"
with the major light discipline problems being associated with
lighting and smoking cigarettes (Bussey 1965).

"Combat Tips for Fifth Army Infantry Replacements in
Italy," (US Army 1945) included the following warnings: .. ,.-

"If you smoke or make a fire at night, be sure the

glow cannot be seen from any direction. Don't smoke
on guard because the glow of a cigarette can be seen

for a long way. "

"Smoking is another thing to be careful about. In
• %... .- % 1

the words of a captain, 'Too many men are careless
about cigarettes when they think they are far from

Jerry. All we shoot at after dark is lights, and it
is the same with Jerry.? Don't smoke at night out of
doors. Get in your dugout or under a shelter half."

Light-amplification devices and infrared telescopes .

presumably make the avoidance of the lighting and smoking of
cigarettes in combat situations even more important today-
(Infantry staff 1977).

No references to tobacco-seeking behavior and combat
casualties were located. However, given the persistent drive %

for tobacco in the habitual user (e.g., Schachter 1978) it is
reasonable to assume unnecessary exposure to enemy fire - .'.

%
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occurred in order to satisfy a need for tobacco, with frequent -,- -
tragic consequences.

Given the legends, cartoons, and other material dealing .

with the subject, the general absence of literature relating
smoking and tobacco-seeking to position disclosure was somewhat . ,

surprising. This may reflect the inappropriateness of some
research activity in combat situations. It also may reflect
the impossibility for many victims and an unwillingness of
survivors to document this "trivial" basis for casualties. On 
the other hand, combat veterans from every war since 1917
probably could provide important information on this subject
based on their combat experience. Research is needed in which
these men are carefully interviewed to determine the extent of
problems associated with smoking and tobacco seeking for
position disclosure. Such veterans simultaneously could S
provide other important information related to the effects of e _
smoking on combat performance such as the possible enhancement
of performance of new troops through stress reduction (see .yA
Chapter 12: "Needs for additional research on smoking and N....

soldier performance").
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Chapter 2 %..

Effects of smoking on physical work capacity and endurance

0 0

Interviews with active duty and retired infantry personnel
with combat experience indicate physical endurance and strength .... "

are even more important for successful performance in combat
than they are for successful. performance on the athletic
field. During the smoking of tobacco (or other substances),
the inhaled products of combustion would be expected to reduce
a person s capacity for work if for no other reason than the
fact that these products dilute the oxygen in his lungs.
However, one major component of tobacco smoke is carbon

monoxide (CO), which does much more than dilute or displace the
oxygen in the lungs. It combines with the oxygen-transmitting . "
hemoglobin of the blood forming carboxyhemoglobin (COHb). This I _

reduces the amount of hemoglobin available to transport oxygen .0

from the lungs to the tissues (Castleden and Cole 1975). COHb
also increases the oxygen affinity of the remaining oxyhemo-
globin, so that oxygen is giyen up to the tissues less readily
(Roughton and Darl ing 1944). "-.s. a.

According to the National Academy of Sciences (1977), -
cigarette smoke is the major source of CO in indoor environ- . .

ments (vehicular exhaust being the major source of CO out-
doors). Although estimates of CO in tobacco smoke vary widely
(Aviado 1984), both for mainstream (puffed) smoke and side-
stream smoke (smoke as it comes directly from an unpuffed 0
cigarette), the level of CO in smoke as it comes directly from
an unpuffed cigarette apparently can be as much as five percent
(Castleden and Cole 1975). In tobacco smoke that is inhaled, %
CO is present at levels of 400 to 500 ppm (US Department of
Health Education and Welfare 1979). Goldsmith, Terzaghi, and
Htacknev (1963) estimated the cigarette smoker is exposed to 475 -
ppm CO for approximately 6 min for each cigarette smoked. This
is much higher than the Environmental Protection Agency maximum
concent rat ion of CO for a 1-h exposure which is only 35 ppm,
and for an 8-h exposure which is only 9 ppm (General Services %

Administration 1984).

Whien CO is breathed in the environment or in cigarette
smoke, he (Olb level in the blood increases rapidly (National
Academv of Sciences 1977). Cast leden and Cole (1975) found the
level of COlb in the blood of smokeis averaged 3.8 percent for
persons smoking I to 10 cigarettes (laily, 6.1 percent for

___________ ______ *a%

However \'og cl et ii ( 1972 ) fai led to I ind anv addi- %

t on a I c f e c t o ('011h other t han t he proport ionit , r(, educt ion of 
oxvg en t ranspott in heir- r esearch on C) ef fe t s on performance.
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pUr;on smo i 11 _ i ci I ret t d In 1 I 7 p * i it I ,
persons smoking more than 2k) i i toot, I (i ti2 I IV. lttwv;dr , 1-
i ha I at i o n pat t c r n s s t r- o n g iiH I I tlC(fc ( 0 L )l ) I ye I n i_
ncavv smokers have v eco f rd b hev . ()fioib I .vdl t oi h; I %
pt rc e nt (S epa) tnel 1977) 1and ,en i iov, ('r p r (,ni ( u eIl

r .., % , - ,. %7

(e r Ce nt t rn n 7e s I t(v v (, i I 1i r 74b I t r t I H " e ,".,
P . - % , % ,anothe rC ((Cast Ieden iand (o1, 1()75) :il i bo i I .- p i t I i i I 1 '. v.

ana her (Seppancn 1977). Theso I1o0onsP(<erI leveIs of (C(tlt var,
depending on the ambient levels o) (). nIiv Il e It (Cvf )tu ;1s li<, S
as 4 1 percen t have ben measured i n nonsmoke.rs wi were snb- u
j ected to an envi ronment where ext re m v heaiv smokin oc ( urre(d"

R U S s e , Co l e , an d rown 197).

fffect ol carbon mo nox itdle ait d smto king i

on the physiological response to exerc ise.

Levels of COttb well i bove those resulting from so.oki ng (2)
percent or greater) o ften produce diramit- ic reioc t ions in
physical and mental erf ormance , and za ()tlb leveol of 67 percent
generallv result-s in death if int reat ed (St ewart )7 -) Vo el
et a I . (1972) produced COllb levels of 20 percent , and found a
20 percent reduction in maximum oxv<gen ut it ization (VO), lax"
during performance on a bicycle er'omet er . Pirna eL a1
(1971) produced COlfb levels of I5 percent and f ound a cor re- %

spon(ing 15 percent reduct ion in maximum oxygen ut i ization
(luring performance on a t reami II. Both studie.s indicated C)
exposure diminishes work in proport ion to the I eve I of COlth of
the blood 11orvath et a I. (1 975) rev ie wed st ud i es that
measure( performance with different levels of CO I Ib and provided I%,%. -44 "
an equation that described this n earlv in ear relationshi p of .14 %1.1.

the change in maximum performance to level of COlIb (Percent
Change of VO MAX = 0.91 X Percent COllb + 2.2). ,

Given this approximatelv equal reduction of work capacity
and of the oxygen-carrying capacity of the blood, it is not ..
surprising that there is lit I e change in physical performance .. ,""
as a result of increasing C01b to the relatively low levels
produced by smoking when th e levels are achieved by breat hin 0 n
mixtures of CO and air. Some researchers have found no
performance decrements with these small increases in COIib ,
levels. For example, in a stud\' where 5l ppm ()-ai r mixt ores
were inhaled to increase COtb levels, Raven ct a I ( 1974b) did,
not find decreased performance over basel ine levels in roung '

smok(,rs and nonsmokers whose avera age. i ws 24. years. (0l1b
rose to 2.7 percent from .04) pce rcent for nonsmokers 1it rose to
4 . percent from 3 . percent for smokers. Anot her t udv of
middle-age( men (average age = 47. vears) involving theo same n gI-
CO-air treat mnt (Riv en ('t aI. 1 9 7 4 a), showed (lit I(,-rn c es
bet ween smokers ard ;,onsm k ,c < (see, below) but .as in \cIven t"
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, d I I boI)t t rr v ll . Il, I1 It v -+i(;I I wo r-, donf, o t I t ((,,7)d ii I I I

;I h h )5 ii v I c e 01o ft et h wi r t t IV I hl c 1 e d )(- e i I 1 e it I" ",

So vr ,iI:1 tp c i i v i r t ct t oc 1 t) 1 b l CH I) I , t I< I -, I ow . J.

SApro ritId (i r id (1 75 cse a tI 1 oI d .1) 1- uti t CO H e

1): ,' t nt .t, I o w t I e v 'e p e t It ec r ,I Su (I v t re I) e ; 
I  

It t f i ( ) In

tIcllw ing () frelithin ( 100 ppm (11) U0)t11)1 Irei t1)) te I m tr m
exhaust ion whil 1e brett ( ing -onipressed pt if o.d i r. ((til). '"

o ritrsd to (3.95 perent fron I .67 percent iol lowin (x I, ,".o,

hr-oat lling itn1 d (ecreased to I . '(0 p ercent from I .103 percent.

fol owi rig bret t hi ig of co mp ressed air . 'rhev onuIt d1) d C() 11)PP

I eve Is of t he magn it (de p rodiuced lI v u i p411 ret t e sitmok in si go i

tilt I Iv re t it( ed per tormanu e w i ih It he Ie chati s ll pro h hib v he i n
impti rilent oi nI vl Itrdi It o xvgen d l i very.

.ronow aind Ciassiidv ( 1)75) ditd not rel)oit whect er orY tio t
\'- (,laI iw-f('rd et t ween CO-h rei thing 11n d a ir-t-e) rathin ri

o fi dit ions. Pr( uma hl it did 1 t , eve 1t houlgh t i me t
ex't tst ion itII. This result is t vpical tI several st Itdies th It
haive shown the ti me t o exhitu t ion in 1)rogressi ve tests (It

ma x i mal I ox vg e ut i 1 ) z t Ion i s i gonii f cant I v reduced t of I ow i u.g
iniduct ion t -Ill okirig-lev ,l levels of C)li1 while VO ax hits not

slowrn a si ignificant dift r(,l- ,. Th I p icati on I e t l C i t io" .ilI
moas-r s (f V(, Ma x a r e I es s r e I ll 1 Ie in(I l o ss va I i d m e rIt ''S it r- se

f ie r I o r ini ; re t han i s t he t i me ol I t vea til i I I or o b i (ye (' c
ergom t er itrt n i e ,xha+ust ioil i s reached.

x p s re to 50 ppm C "signif icnnt lv" reduced t ra rdIii)il] -

walk iig t ime for riotsirokers, lut not for smokers iii a study lV
1) t i nkwat t et a e . (I )7 4). VO,) Mit x di d not show sign iti f ( c itnt
d tt ,it c + , ( e ; re ul I t(0S 111 O- ex po s tr I f or v ei thIe r g vto t 1)  C M' )

I 0 v I o I v i in( r; I sed t o 2 . p ,lircent I rom 1, 1 ( I , it i n
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Although CO appears to be the major factor in tobacco
smoke that reduces capacity for work, the cuest ion exists % %
whether COHb levels produced by smokin: hare the same effect on
performance as comparable COlIb levels produced by breathing CO S
from nontobacco-smoke sources. In other words, does nicotine .
or does some other tobacco smoke component beside CO influence .
performance 9  The study by Seppanen (1977) compared work .. '

capacity for equivalent COltb levels (10 percent) when the
levels were produced either throu-h breathin,, 1 100 ppm CO from N
an air ba- or tt ough smoking. These levels of ('011b are hich S

for smokers and for studies of "smoking-level" COHb effects.
I or a given submaximal heart rate, the level of work with
-(levCated COl b was significant lv less than the level obtained

whi [e breathinq, normal air. This effect held for three
intermediate levels of work measured by heart rates of 13(-,

a n)- 1 and 7-eats-per-minute. Seppanen also found the
smokin condition caused a larger decrease in performance for a
:i yen submaximal heart rate from pertormance while breathing

ordinary air than the comparable decrease in performance that
was caused by 1.100 ppm CO inhalation from an air bag. .,.

resu mabl v, increased work of respiration due to bronchocon-
striction (Klausen, Andersen, and Nandrup 1983), reduced venous
return (Krone et al. 1972). reduced heart stroke volume
((oldbarg, Krone, and Resnekov 1971), or some factor associated
with components of cigarette smoke, other than the CO, reduced
the capacity for pedaling the bicycle ergometer.

Seppanen (1977) found the maximum level of work under both
conditions of elevated COlib also was significantly less than
the maximum level obtained in the condition of breathing of
normal air. Howevet, the finding of worse performance with
smoking-based COHb than CO-air-based COHb at the three submaxi-
mal heart rates was reversed during the assessment of maximal
work level. (;reater maximum work levels resulted on the •
bicycle ergometer when tobacco smoke produced the COHb than
when it was produced by breathing a CO-air mixture. However, .
this difference between CO-air-mixture inhalation and tobacco-
smoke inhalation did not reach statistical significance and
this superiority of the tobacco-smoking condition probably is
an artifact. Both the lack of statistical significance and the 0
lower average performance probably are related to the fact that
the variance of the measure of maximal work for the CO-in-
halation condition (3,249) was about four times that of the
air-breathing condition (900) and tobacco-smoking condition
(729). No such inflation of variance occurred for the CO- """
inhalat ion condition at any of the Lower heart rates. A

-.-. , ,,

2 Tobacco smoke contains thousands of dist inct tobacco
Spro(Lucts with the most significant active const tu e n being ,
tar, c ar1)o n mo no xide, a nd( nic o t ine (Hcn n ingIfie Id 1984).0
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ceiling effect on performance scores would exist in this
maximum work performance condition and this implies the scores

most part, lower, not higher than the average. Any attempt to I 0
explain this lower average level of maximal work for CO-inhala- .
tion than for tobacco-smoke inhalation should account for the
unusually low scores for CO-inhalation rather than through %
explanation of the "elevated" scores for the tobacco-smoke
inhalation condition. . .'

Despite this inflated variance for performance following
CO-inhalation and despite the lack of significance of the
difference between CO inhalation and tobacco-smoke inhalation, 1, -

Seppanen (1977) discusses the higher level of performance
fol lowing smoking as if it were significant and he proposes a ' P",

tentative explanation of these "elevated" scores for the I S
smoking condition. According to Seppanen, the nicotine from 0.
tobacco smoking apparently acted as a stimulant during the

exhaustive work, overcoming some of the deleterious effects of % ,.
Collb. som oftedeeeius0c~

If Seppanen (1977) were correct , such a .,timulating effect S
of tobacco also might account for tne results of several
studies that have shown little or no difference between VO Max
of smekeis and nonsmokers (e.g., Chevalier et al. 1963,
Krumholz, Chevalier, and Ross 1964) and between smoking and
nonsmoking subjects (e.g., Raven et al. 1974b). Heart rates
found in these studies were typical ly higher in smokers than I S
nonsmokers during the exercise period and nicotine-boosted . ,
cardiac output may be the explanation for the smokers' ability %

to perform as well as nonsmokers on these tasks, despite the
COHb-reduced oxygen-carrying-capacity of the smoker's blood.

sneg duri te erio of ctualx exiemowleel eher.se est
Pirnav et al. 1971, Vogel and Gleser 1972) have maintained % ",,. :
continuous breathing of CO-air mixtures (luring the exercise 0
period. At least two studies that discontinued CO breathing ,
showed striking COlib clearing effects of maximal exercise test- -'- ..

ing. Klausen, Andersen, and Nandrup (1983) reported a drop
during about 8 min of test ing to 13.39 percent COItib from 5.26
percent COHb for CO-breathers, a drop to 2. 59 percent from 4. 51 1. .V1 -.
percent for smokers, arid even a drop t o 0.86 percent from 1.51 S

percent for cent rel subject s who (fild not smoke or hreat h ('-
pr I or t o t e' st i n s . ii I ert S1 I I t Q 8 . ( 1 985 ) Iad a s m i I I C i ntl di 1

it h (')11 b drop p i g to e9 perc eut 1 rom ' 1 pe C're t dirin t lie ' h'
n onsmo king t e st nd til t .) 4 .S per( ent I rm ( .6 0 perc ent d u inln tg h %
smrooking test l est dIlII tions ,,r' 1p t0ximtel v I I . ive n"

%

-,,.
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that elevated COHb Ievels may irlvueice mrt tII as nccl u as .
phVSical functioni, ng (e t. tewart 1975) briei periods of
card i ovascu I a r excrc i se cou Id have i mport ant b, 1e f i ci(a. ef Ct f f .c
in 1)oth forms i performance, es)eci al lv f oi smokers who she . •
larger absolute (though smaller percentage) changes.

Smoker-nonsmoker differences when exercise tes' ino
s not immediate I v preceded bv smoking -mokn

* S

Several studies have shown little or no di fference between
smokers and nonsmokers on V(), lax (Chevalier et a I. 1963,
Krunpholz, Chevalier, and Ros 1964, >iaksud anI Baron P 9). -0A.

possible explanat ion of the absence of differences in '( 1 lax
bct ,en vounL smokers and nonsmokers is th tt lon i unrct i3n is
hich , on the avera e , for bovs who tak. e up smoking than I or
bovs who do not an 1 it s onlv after s e c e r y ce a r s ol smo k i n."
-ar th.ev become equa I and with continued smok ig eventual I I
),,come w orse ('TA shkin eT al . 1983)

ha v en et aI (1974b ) a I so f ound n o d i 1 t e r en c ('s i i ma x mu i *:,
work oii put V ( I ax ) 5 e t we en v 0on sm a k e r ; a T d it o i s mo k c r
(av rage age = 24. v r) either before or after breat hing ()-
a ir m ix tUr es iow e v er a n o thcr st udyv of i id dIe - ;i ed men

(a vefrue age c vr1 f rom t he s;amrIe I al)o ra to r (baPliten et Ii
l()7 4a used bis 1 i v tie same pro ed(C ures aid s ', (II I ir r.*-,
tr eat m e t and - h, w d I a r d i I f (,r(n c C ) h t w'' ii o k r il itd i n -

s[(okers. ts so el' e a . 1 97A ' ) I o I cv e I I CH 11)h .,. "-
r d(1 1d i br te il ti I n g ( -1 i r mi ix t ures , i d 11 ot (han e as I i 1. " 1

pert orriani , of i it h(,r tHe smo ers or tit ronsmok rs lowec -
0 IN

1 (1 ,ni f i i t(lit d i f tire in( os di d at 'a oi I b ve ,n i I ese _e
r i ddI c-a i s mu k , r, a ni i if dd 1[ i d dIi, 1)1 )110 c) ;L e 0 S In .11) 1 x bo I I

b l I s ! ir 11 a n a I1 ( i I, at i i rI (il-a i r i t ur- s Itfi s ( u r VK, ( I
d , 1 I h I ac t h eli t lt t, t, o' tI i i t sr:o (< S cs 1 I t i if 1 ad r'. '1d c -,..,,, ..I V ,
t in , vi k,\e,\ I' d li I iit w Ih mok d ki ii it i I e ( 0 t Kf (

0 7 A', 1 tb ; 1 ( 1 i t r t; Ii x - (' r c n e(5 i I o t ti f I -I mi K't I "i"

( !( 4 ti V l' Jjijl' li ,i ( t(i ( i I.( 1074 h l l , t (1 1i! I ( i li -' '

Vr t I r riC ( t end i 0 t i ! me 7Abf to ' t I 1 7c 1) lt,b I *i .sr ."'" ".'" ',

( dI t Sill I l r iddI- i ( d m I I I I ( Z i (7 1 L I ;
t Ii :it in i V i d ,I t f d i '-(okst'd , . S o [s Fi t ( L s c (I I W, d w I..i iK.

Xa lie C I sm ke 1i t ld 1r 0 11 I I ' I 1 11 a1 ri VI0 kC~ liV i t lao i l V() (' I I a ed r tt .t s m C so (t i % di I I

t iin ti he n6ls m o k rs i ( tIhe m i I d etI I i l i\ t n :to ' c1111 -I g' '"0"i.-....-. -.

p i r i t t t i I [f , iti v ) , r elts I e i d t Io tl i I t I i i c ,. t!,.i-'."-'.'-

w I' ( s h klr.r (I il I I os ill Or 'I x bc' ( trl t ' y t I d

: iU d ol' I~ d - ,. , t l \ , r t eI I . .. 1 d{ 1 ,t ] 1 l i , .. ., ,, ;,I -,,
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nonsmokers and current smokers in the maximal duration of
exercise when the3current smokers had ten or less pack-yr of
smoking exposure. For smokers with more than ten pack-yr of

smoking exposure, duration of exercise was significantly

shorter (889 s versus 958 s). Age differences between the

different smoking exposure group were small and average age was
actually less for the greater-than-ten-pack-yr exposure group -
than for the nonsmokers.--

Keith and Driskell (1982) compared the VO 2  Max of 12,.-

smokers and ten nonsmokers who ranged in age from 25 to 38 yr
in a study looking at the effects of Vitamin C on athletic
performance. Although VO Max was higher for nonsmokers (19.6
ml/kg/min) than for smokers (17.3 ml/kg/min), the differences
did not reach statistical significance. A 3-wk regimen of 300
mg of ascorbic acid daily did not increase performance in 0

either group.

Unlike the studies that typically showed no smoker-
nonsmoker differences in performance for young subjects,

Montove, Cavle, and Higgins (1980) examined performance for

subjects of different ages and found their largest smoker-non-
smoker V01) Max differences to occur for 16-24 yr-old men.
These results are in sharp contrast to the results of the
studies of Chevalier et al. (1963), Krumholz, Chevalier, and
Ross (1964), and Raven et al. (1974b) which did not find
differences in their young subjects. In the study of Montoye,

Gavle, and Higgins, measurements were made during walking
performance on a treadmill instead of during bicycle ergometer
pedaling, and the test was much longer. For younger males, the
test required a walk to exhaustion with an "adjusted" mean time
on treadmill being over 24 min for nonsmokers and less than 22 -
min for smokers. However, it is not clear why the difference

between the testing procedure of Montove Gavle, and Higgins
and t hose of Cheval ier et a I . and Krum ho z, Cheval ier , and Ross .

should produce these at vpical striking differences between

Syoung smokers and young nonsmokers for >ontove, Gavle, and
llyg ins.

Montoye, Gavle, and Higgins (1980) also reported a lack of •
%difference between their older smokers and nonsmokers. This

was in strong contrast to Raven et al (1974a) who found a
striking difference between older smokers and nonsmokers.
' ontove, Gavle, and Higgins attributed this to the elimination .+ .

of many older nonsmokers prior to the study because of health
problems that prevented treadmill test ing, However, Raven et
a I (I 974a ) a Iso elI imi nated many older subjects for this reason-"

A pa K- r o x pos u er i s (et i ned as t he produc t o t h u.
numb r r of pa( ks p er d t mes t l n amber o v r e s nmiok i ng .

2()
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in their research. Although some small differences existed
between the testing procedures of Raven et al. and 1ont ove.
Gavle, and Higgins, it is difficult to account for the large
difference in performance between older smokers and older non-
smokers for the former and no such difference for the latter.

It should be mentioned, however, that the surprisino
difference between young smokers and vouno nonsmokers and t he
surprisino absence of difference b(,tween older smokers and
older nonsmokers are not the only unusual findings in the
Iontove, Gav I e, and Hi o ins research. Thev also ruported
nondrinkers performed s inificant lv worse on treadmil l tests o%

VO, lax than the drinking group, despite the fact that I) hi ,
percent of drinkers were smokers, 2) only 47 percent of
nondrinkers were smokers, and '3) smokers perf or m e d s ign i fic ant-
lv worse than nonsmokers. rt is probable that at least some of
the covariates (these, included age, weieht , skinfolds. snoking
habits, and drinking habits) were inappropriateN because their,

relationship to performance was nonlinear or for other reasons ,.
Thus. inappropriately analvsJs-of-cov'ariance-adjusted averaqes
may account for many of these anomalous results.

Immediate effects of smoking on physical performance "

Hi rsch eL al. (198-) compared ma x imal 1 bicvc I e ,r-om.,ter
per formance ofT nine voung smokers 4aerg ag 2.yr ) On
smoking days and nonsmoking days and found that 0).) 'ax was
reduced significant Iv on smoking davs co mpared to Eonsmoking %

days. They conc luded cigarette smokin , causes immediate
detrimental effects on cardiovascular funct ion during exercise_
including increas ed heart rate, a lowered anaerobic threshold.
and imp)aired oxv, en delivery to musc Ies. Carbon monoxide and -
nicot ine were implicate d in these chan, e s to a greater extent %. -*" *

than the effects of smoke particulates since respiratory
function was largelv unchanged from smoking to nonsmokino davs .

Although Hirsch et aI claimed to have provided the first
studv of the immediate effects of smioking, several other
studies alreadv had addressed this issue including the study by .
Seppanen (1977) which compared smoking-produced C, 0 lib with ((l-
produced COHb and had compared bot h cond it ions to a cond i t ion '",
where COHb was reduced to nonsmoker ,evels by air breathing
prior to testing. As described earlier, both conditions with
elevated COHb produced significantly lower VO 2  >lax than the 0
air-hreathing condit ion.

An even earl ir study by (;ol dbar g lKrone and Resnekov
' 1)71 ) compared bic,.'cle ergometer prformance of young subjects

W, . -
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of smoking where the >forton and }]olmik result is an immec IateL"
smoking effect. .

Rode and Shephard (1971) showed abstention from smoking
for a single d was associated with a 13-percent to 19-percent
decrease in the amount of oxyven required to support muscles
involved with breathing during near-maximal exercise. Pulmon-
arv changes thus appear to be one mechanism for acute detrimen-
tal effects of cigarette smoking. Rode and Shephard reported
their six subjects. who ranged in age from 24 to 46, all

. reported treadmill1 exercise was easier to perform on nonsmoki " -
runs than on smokino runs. This appears to conflict with t he % - F

results of ,Iorton and lHolmik who reported lower perceived "
exertion following smoking, and the results of Ivrsten, 1_1I-erot, % %
and Ldgr en (1977) who found no perceived exertion differences
between smokers and abstainers. The effects of smoking on
perceived exertion need replication and clarification in
add it i na I studies.

Mivrsten, Eloerot, and Edgren found 5 d of abstinence from % .

smok ng reduced the heart rate required for bicycle exercise :It
level of I U watts hv nearly nine beats per min compared to a .

group of subjects who did not abstain. Ilowever, perceived
exertion for the task did not differ for the two groups.
A.bstainers an d nonabstainers alsq were allowed to choose a
pref erred work Ievel in this research Smokers who abstained .- -
cVi)se a higher work level after the 5-d abstent ion period than
Those who continued to smoke. Following another 5-d period
when the abstainers resumed smoking, they still maintained a OP .P

h i chor pref erred work level than t hose smokers who had not
abstained at ail. If additional research were to show this %

f fect of smoking abstention on preferred work IeveI to be a %
reliable phenomenon, it would provide another reason for at
least temporary abstention from smoking for Soldiers. V

Phvsic. ! i t s s test ditferences between smokers'

nd non- smoker. 
.

Although the comparisons ot smokers aind nonsmokers on % -¢-.-
laboratory measures of physica per ormance have shown iixed
results for young subjects, there is much more consistency in U !1C nStFV

results from recent comparisons of smokers and nonsmokers on
mi i itarv phvsical fitness tests and other tests of physical
fitness. These studies typical lv have shown average perform-I
ance of smokers to be Lower than the average performance of
nonsmokers. For example, Cooper, rey, and Bott enber- 1 8),.
tested 419 airmen (average age P). I yr) on the maximum di st ,nca ".
they could cove.r by runniing or bv tunnii- g nd wai1kin, in 1
M in. At least I ih of smc ok i a g b st i Iience ac . 1 cd pt p )i r .

et t inTi g t) reduce. r eI 'I inatt t e inl n IIC ) 1 al f 7 I!14

.2,.
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effects. Amount of smoking, duration of smoking, and inhala-
tion all significantly reduced the distance covered in 12 min
Forty-seven of these airmen also received treadmill tests of
maximum performance. Although no significant difference in VO?
Max was found between smokers and nonsmokers, maximum oxygen
consumption did correlate strongly with 12-min run distances 0I

for both smokers (r=.69) and nonsmokers (r=.75). Other
research by David (1968), Hartling (1975) and Kujala (191),
provided differences favoring nonsmokers over smokers similar
to those obtained by Cooper, Gev, and Bottenberg. However, 0 0
there is at least one exception. Pleasants (1969) found no % % %

difference in pretraining swimming tests between smokers and .P,,
nonsmokers despite his expectation that decreased diffusion
capacity and increased oxvgen debt found in previous research
would reduce sigznificantlv smoker performance and despite
earlier research by Curet on (1936) who found nonsmokers to be
superior to smokers. The subjects in the study of Pleasants
were 18- to 20-yr-old males in intermediate college swimming . .
classes and distances were 10( and 200 vd.

Recent research by Jensen (1986) has shown dif ferences
between smokers and nonsmokers also appear on the current :\rmv . .
Physical Readiness Test (APRT). lie compared APRT performance
of enlisted medical personnel in a medical companv who were
smokers, former smokers, and nonsmokers Despite small numbers
in eac h L roup, significant differences appeared between smokers
.ini nonsmokers on the 2-mi-run test and the pushup test.
Smoking males ran 13 percent slower than nonsmokers and females

who smoked ran 8 percent slower than their nonsmoking counter-
parts. Males who smoked did 16 percent fewer situps and

fema es who smoked did 18 percent fewer situps. Differences
tavored nonsmokers for the pushup event, but were not signifi-
Cant. Average age of these soldiers was 27.4 vr for males and
24.8 vr for females. Soldiers over 39 yr were not included . .
because of different APRT grading procedures. Former smokers e. %- %
tvpicallv took intermediate values on performance measures
between smokers and nonsmokers, but they numbered less than %
half the number in the other roups and differen(es were not , 0?,

si n i cant.

Iiersner , GUnderson , nd Rahe ( ')72 ) st ud ed naval 
personnel who volunteered for phsical1l stresslul Underwater
Demo I it ion Team Training (IDTT ) and found smokers t) per orm
signi ficant lY worse on a fitness test (squat-jumps. si )-ups,
and pul -ups) than nonsmokers. Thev also found amount ol
smoking t o be related t o fi tness. Nonsfmokers per Itrned I o-in-d
significant lv better on fi ttess tcs;t. than the groYup who smoke d .4% .i,

some. Smokers who indic ated t hey smoke! some" per-ormed
significant Iv bet ter than smokers nd i at in t 11-v smoked a
I o: t . "F <<';

%* 0.
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These UDTT volunteers studied by Biersner, Gunderson, and
Rahe appear to be a special group of the Navy enlisted popula- %
tion. They were only one-fourth as likely to smoke "a lot"
(9.2 percent) as the general Navy enlisted population who
smoked "a lot" (37.5 percent), and were nearly twice as ikelv
not to smoke at all (51 percent vs. 26.5 percent). They will
be discussed again in Chapter 10 which describes negative
traits that frequently are associated with being a smoker, and
positive traits that are frequently associated with not being a
smoker. It is probable at least some of the consistent differ-
ences in physical fitness test performance between smokers and
nonsmokers may reflect motivational differences or other
personality differences that lead to increased effort by non-
smokers. Such increased effort during physical training would
in turn lead to increased physical capacity. -

As with laboratory measures of performance, differences "'-: '

between smokers and nonsmokers in physical fitness test
per formance are magnified with age and smoking history. Patton
et al. (1982) found smoking to be one of the strongest discrim- .
inators between different levels of fitness-test performance in
research on 270 ever-40 mi I i tarv personnel (averag, e age 43.8
vr). Althouoh half of the total -roup and half of the "fair"
fit ness subgroup were smokers. 77 percent of the 22 soldiers %
with "very poor" fitness levels and 72 percent of the 59 :%%

l lers in the "poor" fitness group were smokers. This
Kent taiste.d %ith 29 percent smokers among the 58 soldiers

scorin in the "good" fitness range, and only 22 percent -

". smokers among the 32 soldiers in the "excel lent" fitness %
.. 0troup. A treadmill exercise tolerance test was used to
la isf-v f itness groups.

It should be mentioned that research in the 1930s, 1940s,

ai nd early l)5()s was much less consistent in demonstrating
reduced performanc e on strength and endurance tests for smokers
C Momataed to nonsmokers or as a result of smoking immediately
, prior t o test in in habit ii smokers. e w if anv, studies 

*, en hw oil an advantae of s woking over not sllok in,, , al t hough four
the top i e h inishers of a 1P itt sburgb marat bon were smokers 0

1  1v j, 1) ') I ) . low v t , st u (I i u s fr e uen t i not v Ii, ,t.
Sri a si V i 111 Ilt li i t'rfnco betw(,en smokers a tnd nonsmoker s or %

)et weon )er I ormance, whi i1, s moking anLd pert ormance whi le not
1s. b i ti1 in 1oi tkal smokers (e.g., d'F eves and >lor ehouse 1950).

-tIot c t ri a i iin g ind part icipat ion appear to overcome manv of

, (, i t IIU p l) leills (auseu d bv smoking (N1ort n and lo Imik
l)i) nd the sinai II d if Feren(es between smokers and nonsmok-

s in p as t stu( it sM y r e 1 e t t lie l r , w i de s p read h a b i t of"
i rtto smoking among ato k ,ts p rio r t o t he i ii t i at report on

Im in bo t ( t I i i S c 'eli 0 kI, or a (e1, lne ar a t men t o .

I tt , ut en 1i. a1 nd ol aIre, l(K 4) Ind prior to much of the -
<>11,, ti t , t <I ot < Ii'. i rI~ t1 1 ', h i o , m i l k in .I

%

%., . a% '

% ^... . , -q, %u/. ' '.% , '.. V '- .... -- , . ... , -. .,' p % , * * .e., ...! % e. / . '.. . .-.
. . . 'mSi - - - I.



Oxyvgen d e bt i n s-,o k er s a nd i) o n m okc,r

-xv en debt refers to exerci s(e if ,cts wh'i ch i r:u ;. l t .i.!,
heart rate and the respiration rate t o r e na in at h i c, r t ', In

-. ~W "-r P~~'

n or malI le 'eis following exercise. T he se ueIlevite(,d hie ar t i nd ( %

respi ration rat es prov ide oxy-en needed t o restore r, It cs to'% 2

'b o %

the pre-exercLse state. ThiS vari e ofi oxvqn db he!t been %,. .thehar rag1 dipad th oe prtiont reac to remai n 1) th r Fiain

which obtains frequent or continuous recordinks ,,t exni red
gases, blood lactate levels, and other chemicals and ;-,V s o-
logical variables (luring exercise (Dr. lames Vno~L persona]
comnmunication 1984). However, earl ier st,.:J ies that focused on .,
oxygen debt still provide considerable information, even if the
different factors contri buting ta the oxygen debt are not
available for separate assessment. Uhat is more, nxven debt
will delay or impair sunLequent physical efforts I ike assault-
in g the next hi]I, djud it a p p ears to ave M u(h tact i( l I
relevance.

Se ralI s tu d ies ( Che valI icer cet alI . I1(903 , Fraiy ser 19 74,
Kr rihol Iz, ChevaI ier, and Ross 1964) have shown oxven febt

accumulat ion For a L-i en work task is apnrec iab I % hi lher I .r
smokers than for nonsmokers. Smok in (I did not occur for at
least I h prior to test ng "in these studies. Th) is also was
true in the research of Krumholz, Cheval ier, and Ross (1965)
who measured oxygen debt and pulmonary function before and-
after a 3-week period of abstinence in smokers. They found

oxygen debt to be decreased significantly while lung function

(expiratory peak flow and pulmonary diffusing capacity) were
increased significantlv as a result of the 3 weeks without e -

smok i ng. %

No studies of smoking and oxygen debt were found that * n
showed an absence of differences between smokers and non-
smokers. Krumhol and Hledrick (1972) found ex-smokers and non-
smokers both showed less oxygen debt than smokers, but non- "
smokers and ex-smokers did not differ between themselves. The
impI cation is that smoki ng produces deleterious effect s on the %

ability to recover from strenuous physical act ivit v, but
quitting smoking largely eliminates these deficiencies with
some of the deficiency e liminated within a few d or even . ,. '.. 4

Since oxygen debt is directl1v related to the duration of"
strenuous exercise, nonsmoker advantages over smokers would he
expected to increase as the duration of the per iod of exercise
increase d. Research is needed to cnirm I i s as Iiupt ion.

.:-" " ,.

>agnitude of smo kvr-nonsrmoker d i fernces .''.

Astrand and Rodah ( 1970) estimated smok in redu es
maximal aerobic power by five to ten ner( ('lit . hev poitit ()t I

27
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this is a serious decrement in performance of the heavv work ,. .

associated with many types of athletic events, since a regular

physical training program will increase maximal oxvoen uptake
by only 10 to 20 percent. Physical fitness test differences

between smokers and nonsmokers are of similar magnitude.
Cooper, Gey, and Bottenberg (1968) found young airmen who 4

oijOIu tilan u I at, div, ;c~e - a th 1vr,

able to cover only 92 percent of the distance averaged by n on-
smokers in a 12-min run. Kujala (1981) found a simi lar seven-
percent decrement associated with smoking amon- young -innish 
soldiers. He also found the number of cigarettes smoked (ail%,
was directly related to the decrement in running performance.
flartling (1975) studied performance of )anish military con-
scripts and found an average difference of 5.5 percent- between
smokers and nonsmokers on the distance run in 12 min. All of - a
these studies represent performances of young men. The
performance of older smokers differs from that of older
nonsmokers by more like 20 percent (Raven et al. 19 7 4 a).

Differences in capacity for endurance training
between smokers and nonsmokers

Not only are smokers at a disadvantage relative to non-
smokers in tests of physical endurance, some studies have shown
cardiovascular endurance training occurs more rapidly in non- %% -
smokers than in smokers (e.g., Cooper, Gav, and Bottenberg
1968). They found that after 6 weeks of training, nonsmokers 0
had increased their 12-min-run distance by 11 percent, whereas
smdokers of more than 30 cigarettes daily had shown an increase
of less than seven percent. They claimed a "... person never
Could achieve maximum performance or respond completely to
training as long as he continued to smoke any number of
c ig a ret t es " However, Frayser (1974) found much more improve-
ment in smokers than nonsmokers following 30 d of cardiovascu-
l;ar training, although oxygen debt still was slightly higher
for smokers than nonsmokers following testing after training.
\nother exception to greater training effects for nonsmokers ,

was tire research of Pleasants (1969) who found his swimmers who
smok.od not only did not differ from nonsmokers on pretests, but
benefited equal lv wel l from training as the nonsmokers. -

As with physical performance levels, the capacity for
change of performance levels may differ between smokers and
nonsmokers as much for motivational or personality differences
as i.t does for differences in physiological capacity (see * 0

Chapter 10: Smoking abuse of other substances, dl inquency .v

and driving accidents"). Whether for motivational, phvsiologi-
cal , or other reaso nis, B lai r et al I (1984) founIl men who were
I f:sted at the Cooper Clinic on at least two occasions over a
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their physical fitniess, were Much less apt to smoke (15.4
period of at least 1 yr , and who were tound to have improved '.,.7

percent) than men who were similarly tested twice and did not
show improvement between tests (28.2 percent). Two other 0 0

recent studies may shed light on this association of smoking
with lack of improvement. >laksud and Baron (1980) compared
young smokers and nonsmokers during several levels of exercise
ano tound perceived exertion to take higher levels tor smokers
than nonsmokers. A similar pattern for "minute ventilation"
suggested respiratory factors may be a major factor in per- -
ceived exertion. These differences in perceived exertion
occurred even though heart rate and oxygen consumption were
similar between smokers and nonsmokers at all levels of
exercise. Hughes et al. (1984a) also found smokers experience
a higher level of perceived exertion for a given heart rate -
than nonsmokers. This relationship held when the increased,-
activity of nonsmokers compared to smokers was controlled and
when the reduced pulmonary function of smokers compared to
nonsmokers was control led. The implication of both studies is
that exercise at a given heart rate is harder for smokers than
nonsmokers. One mioht expect smokers to train less hard than
nonsmokers since it hurts more.

Are smokers at. an advantage at higher altitudes?

According to the founder (R. Fehl , personal communication
1983), the Pike's Peak, Marathon had its origins as a competi- .

Lion between smokers and nonsmokers in 1956. Although a smoker
did not win, the fact smokers were able to succesrfullv %
complete this grueling race indicates smoking does not totally ..
preclude even superb physical performance, given that proper
athletic trainino occurs. Based on informal observations of
himself and other smokers during mountain climbing, MacLean .--. -

1 97Q) argued work at alt itude may be somewhat easier for
smokers since "... tissues had become so accustomed to oxygen
starvation due to the cigarette smoking that we were already
partially acclimatised to altitude before setting off." In the
Raven et al. (1974a) research with older males, smokers showed
smaller decrements in performance as a result of breathing 50
ppm CO in filtered air than nonsmokers. Their COlib levels onIy
increased by 14 percent compared to a 200 percent increase in
COlIb for nonsmokers. However, although the smokers showed
smaller decrements in nerformance than nonsmokers following CO-
inhalation. nonsmokers still outperformed smokers by 27 percent ,
re ga rl I ess o f mh en t conditions,

Fine (1968) measured the performance of soldiers on a 600-
vd run that was carri-ed out at two elevations and found %
decrements associated with altitude were related to the amount
these soldiers smoked. These 45 Special Forces soldiers first
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ran 600 v d at sea level The next day they were t ransport, (-(I
to a mountain research site at a 1 3,000-ft eleviit ion a'nt t est ,
again. Smoking was not a significant predictor of these run.
t i mes at al t it 0(1e (probab I y h e c ciu s e of I 1 a r g v i r i nce b c 'It w c ii

ind i vi d a Is ) I oweve r t he cor re at ion )ewt Ween amouil I of
smoking and the change in run t ime from sea level to 1 1 , 00(01 t

w a s s ignificant ( r 5 ()) w i t h i nc rcased smok i ng a s c ia et d w i t , ,
a bigger inclease in time tor the run at 13 ,000}- t el ,vat ion. 6,%
Te corre lat ion between age (which rangcd from 21 t o 44) and
this dli ference in run time with alt itid' t 1 so was S i gri if icalt
( 4r.4G) . onfortunately, no separate cor relIit ion bet w(,en a ge
an d run t imc was reported for smokers or for nonsmokers. The e
results of Raven et al (19 7 4 a) and Patton et ;I (11982)
showing larger cf fect s of smoking wi t h inc relsed alg, aInd .,
Increased t ime of smoking suggest this correla ion h,tween C . .. "Ie
alnd per i ormanc e wouI d he great er for smokers I han for noli-
smokrs.

al It i ciud e i n a I I r e sea r ch). Wa gn)e r e t a I . ( I Q 7 8) ( ofltp a rtell

hi c %ule ergom e t e r )erforman(e of smokers and nonsmokers who

pe do I ed bi cr ergorme ters in ian a I t i t u d e c Iam) he t a t an 0
''a It i t ufe" of 10 ,00) ft wh i I e 1) rca thing low I eve Is 1o1 C) (4 - .
ppm) t hat pro d I(- ed blood C(11b I eve Is of apirox m r x i m o t e I v
percent . Few d i fr'nces appe r e d betwe(n smokers and ncn-
smokers and those That dyd vp1 l i ii n I c t I Ill) c t I r ;Id ia t - %

i(n of t he .mo kc r s t o t he h v pox i c, st 111 u us ln I i ke smokers
wito fhowefd o I i r t rat , anc st roke VoI LIume (hanoes at aI t i d e'
)us (x) o xlroslIret nonsmokers ilt cr oa s eld their Iieoart rate a nd

s' rIki, volume. Nonsmokers' s )ubjec tive reiact ions to the work I t
SIt it idi (wit i .2 percent a vIerago COlIb eve Is ) a Iso reflect eld % .I, ,
te (' i n r (,;.s eld ) Ii ys I o I o i c a I r , a c t i ots. Th i s w a< a g r o c o .p' o

v o1111n g te n he, t we en t h e a e - of 2 2 a il 4. ()1 Iier sul jc t ; a v
not have sh own this smoking aidviant age, I ven t hc larg(- d '{ .- •
me(rits iI ol(ter smokers relat i I ye t o nonsiokers report ef iv 1\;lvI'l ,

ot ai1 . (1 97 4a) .

A recent st udv hiy I i Idgirtde ind 1,i I Ij'kv is ( 984) lotked %
ill t he ('1 I cut lii 51 "'i t IiI lot ioi wor-ke s"i rOs 'i o, -i. i_ t from
Swe de (i ) :t work si t e a ,1 2(( ll iI til1' 1' llv' 0 l1 ( l Iit a i 15 .i

Tihe f oind 12 of t te 2 5 slilkiit w ork , o )t 1)iI 2 o,1 tle 2I"- "
i1os TITo1k I ig w or k c r s wIe r e lilii a I c o c o m l1 1 et c t I (e i r 2 - vI wo ..k

i)llt rl( t s 'I he t wo l1o0)srll ke r s 0iITd two of t I ( s..k ti h to r

1 e a r I %, l ed I a.; I r I a s)1 s to I tI I'il i i l a t i rig t lI ' i r- ( t I t s .tIi h.el I--

h >- of t I' ll i i a i 11) h (it It e' r- t i0 s Ill)1 keIs wa , n tll i i aI.
I % pe I f (t r il0ill; I '. 'le ( I f ilie 1 2 lbiok t' s I ' r ti I t in, I i II' I 0
( li I r if I " i, i ,I ( (' d l 1 d t o ) cll v r I (' - I it - i tit c t t l C (l l d I I 1 1 1( I. hj"l ,,

;ll t h o r -; i itd i t t f d I I iht () 1)t ) 1 l , 111;1v h {iv e< b tw ,"il ;i 1ll 1 r 1- i 1"1'" " '

" HOll f tt iom 5 i I a t [IIll i o, l: . I I lis, v I, , I ;' I i e "d aI al t I l! I 0 .,J

11 ) I i I t i. Ill I "I'l i d I t i' u 1 'x 1w 'IIi I ' i I i i I I 1 . s I w (I I

,tl r ;i d t, . ' , i lt I I I at i il w rI , I I I I I I d ll '5 , 111 d 1t1 v ,id
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had no difficulty in managing the work." Unfortunately, no S ,
data on age for the successful and unsuccessful workers was
provided except for a comment that many of these men had man A

vr of foreign experience. The contrasting results for youno -

men in the agner et al (1978) ,tudy and the older men ofL the e-.

Raven et a]. (197 4a) suggests these workers may have been . .
middle-aged, rather than young. %,W % P 1k

Lindgarde and Li.lljekvist (1984) found both smokers and
nonsmokers showed large increases in hemoglobin and hematocrit 3 S

when moving from sea level to permanent residence at 3,200 m.
However, the rise in these blood variables was sharply higher
for smokers than for nonsmokers, despite the fact that smoker's-- - a

hematocrit was hioher from the beginning. The average differ-
ence in hematocri t level between smokers and nonsmokers at sea
level was .9. After living for a period at 3,200 m this
difference increased to '3. 5. These hematocri t changes also may
bear on the more successful adaptation of smokers in the study
of W agner et al. (1978) and the less successful adaptation
found for smokers by Lindgarde and Lill jekvist. Smokers'
elevated hematocrit may be adaptive early in exposure to high
elevations, but mar become maladaptive when hemat-ocrit in- 6 0
creases to very high levels as occurred for smokers following a
few weeks exposure to elevation in the study of Lindgarde and - S.

Li l1jekv i st. Presumably, such thick blood begins to c log thecap illaries . -% .,59
% % %

lusc e/st r ngth differences betwe en smokers and nonsmokers

This review of efIeCts of smoking on physical performance ,

has concentrated primarily on the differences in cardiovascular .
and pulmonary function between smokers and nonsmokers and on
the relat ionship of cardiovascular-pulJmonarv function to amount
of smok ifi . This. is because the bulk of research is in this
airea. however, research by 0r lander. Kiessl in , a n d La rs son .

197) i (: i rates some of t he pert irmiance' differences between , c.-e, ,e
smokers and nonsmokers mr' ref ect di fferences in MuLiSc( I C-.

striic t r( a1nd i tin( ion thaft a1re produced by or a t l Ceas1 t ;Ir -

relatd to smoking. They found there was a lower percent a t i
Type I muscle fibers in the Ieg, mus Cles of smokers (38 percent )-.

(ompared to nonsmokers (51 percent) and a hi her proport ion of :---

Type I 1 fibers in smokers ( 20 percent) than nonsmokers ( 1 0 ...e %
percent) The y a I so f 0 u n d muscl t iar- oxid at i ve ca itac it v w -I s
s n if i cant lv ow (e r in smoker-s ti an in nonsmokers.

I 0

)r lander , iessi in . and lY.rsson iI-o measur d leI
t r en , ith an d i on rid i t o 1e a s 1ign i c an t 1 0 ) erc en 1t I ate r ..

(jr riorisT I(ker t b;,n If ,r - . " L Cl (lldiiilo(c , Lilt li "-1,-h

1- r 'I 1 (t r e, ,,1, 1 i ' i I io 'ke s' d it te l ',It . ." " '-
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in dynamic strength over nonsmokers. The average age of these
men was 44, indicating long term smoking among the smokers.

Larsson and Orlander (1984) and Larsson, Gransberg, and I 0
Knutsson (1985) conducted further studies of muscle structure
and muscle function between smokers and nonsmokers. To help
control for body size and other physiological differences, they
used identical twins who were discordant on smoking. Large
differences in the proportion of Type I fibers and the propor-
tion of Type IIB fibers again were found with nonsmokers having 0 S
52 percent Type I fibers versus 40 percent for smokers. Non- -.
smokers had a lower proportion of Type IIB fibers (18 percent)
than smokers (29 percent). Strength differences between
smoking and nonsmoking groups were less pronounced than in the :'. "
Orlander, Kiessling, and Larsson (1979) study.

Ingemann-Hansen and flalkjaer-Kristensen (1978) also
studied muscle structure of smokers and nonsmokers and found
significant differences between the cross-sectional area of
Type I muscle fibers in the quadriceps with the cross-sectional
area in smokers only 86 percent of that in nonsmokers. There
also was a significant negative correlation between tobacco * S
consumption of smokers and the proportion of Type I muscle
fibers. These were young soccer players who were similar in
age, height, body weight, lean body weight, thigh volume, and
isometric as well as dynamic quadriceps strength.

Mellstrom et al. (1982) measured grip strength of 7 0-yr-
old men and found smokers were significantly lower on this
variable than nonsmokers. Kay and Karpovich (1949) used a
within-subjects design where smoking occurred during a rest
period of tests of grip strength in one session and did not in
another. No significant differences were found in grip
strength following rest or following smoking. What is more,
the differences that (lid appear favored the smoking condition.

('on(C Itusions and mii 1 i tarv impl icat ions

IEvn young sol d iers will show improved capacity for
physical work with even brief abstention from smoking.
Commanders wanting to maximize physical fitness test scores or ,1,, 0.. - . "r.1,
physical performance in combat would do well to prohibit
smoking for several h prior to testing. However, such prohibi-
t ion of smok ing could backfire. Some performance decrements on
simulated drivin tasks that w I be described in Chapter 8:
"The e I I f t. s o f t o ha c c o d e p r i v a t ion", may have ref lected low . .,5--" .\ ..
mot ivat ion of soldiers who were unhappy about being assigned to
the no-smoking group. However, the soldier who is highly
mot i vat ed to petI form on the PT test wi II benefit from even a
f ew h of I sriiok i rig abst ent Ion.
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( o, ot her r2 1 v ant fin dig, however, is the , p r -on hi.,l i"
motivated for performane on the phsicl itnes t est iS. C . . '
Iless apt to be a smoker (Eiersner. (Gunderson, and Rabe 19 ") T'2
What is more, the higher motivation and lower perceived
exertion for a given heart rate of nonsmokers during physical %

training will lead to greater trainino effects for nonsmokers
and this would be expected to manif v their advantape over
smokers. This could provide strong argunents for reduct ion of t
smokin- in the soldier population. 

However, perhaps the major implication of this chapter is
that smoking speeds the process of making old soldiers.
Although young smokers showed zero or small differences from

young nonsmokers on laboratory tests of physical performance
(unless they smoked immediately prior to or during testing),
invariably as the age of the smokers and their exposure to
smoking increased, their performance declined. Changes in V.

performance with age of nonsmokers were much smaller. The
studies of athletes who smoke indicate the deterioration with
smoking on physical capacity can be countered effectively for
considerable periods if athletic training continues at high
levels .

For the most part, the research that has been conducted on %

smoking and physical perf6rmance has dealt with cardiovascular %vote

performance. However, some studies of muscular strength also
showed poorer performance of smokers, especially older smokers.
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it s m ok n o n p)crc opt i 'i r co s

i S

i>con and ot her p)cept ial pocesses ar(I crit ira! to .

,,,[ t 1 1 I I on v I I n rn(u n)>u a non ri ei ( nn ' r n nt ;1 11i ',g '-'
ccII Or o t t) ~?i I r a It c p I r TI S t o c ir i c on t crI L ' ! I i n v I c 0 L~n • i t I v, r I i x i o ar o n i r n.,c -I n. d. .

r, i v (cniiv t c ons 3i cLerelo t t th'l scnvcor v i S u a
pc; r-e'ct cia] ax-ste',s ui1 thc' aldcor. part iccilcrl v, the, visual -.....

s e1, ( )epart 1ent oI the A r m 1.% 3) 1mo ucuus st udies have
been conducted over the ve irs that relate tobacco smoking and "--(
nicot ine to visual performance during both laboratorv and real
,o r I d task s - T e se st u (I i s ha v e i n u d ed hot h i mm e (Ii a t %

,ti et s of smoking and di fferences between smokers and nonsmok- .

cr, i•e., long-term effects of smoking. Ih ese studies will t)e ', .

r e v i c wed i n this c hai p t er Con t r a d i c t or v r e s u t s o f t en ha ve
b een reported from what appear to be similar research efforts.

ven in the area o f n iht vision where smookinc, has long been
v iewed bv many researchers as del eterious , the results f romnm"'
diffeurent research studies are contradictory. These contradic- 0
tory results indicate a laroe need for additiona research on

* smoking and perception.

Smoking-related visual deficits, such as slower dark
adaptat ion and lower final levels of visual sensitivity to dim.
1 ights that have been found in some studies (>lcFarland 197( I ), (

appear to be related to the carbon monoxide (CO) in cigarette
smoke whic increases the levels of carboxvhemoglobin (C 011b ) in

lihe hi 1 ocid N I c o t, i n e h as b)e e n b I a me P( , h o we v e r , foc r n i g I i t -

vis icon de f ic its from smokirno imcmeciate(,Iv pr ior to test in o1 f
visual sens it i vi t by at least one researcher ( Sheard 1940) who
found smokin,-produced defici. ts wercre not relieved any faster b v
breathing oxygen than by breathing air. Some serious visual .

p)roblems such as t obacco-imbIvopia, apparently resu] t From -.
cy an ide compounds in smoke ( Dan, 1981) However, these .. , -
condit ions are so rare they will receive l ittle further
( iscussion here. Diifferences in night vision favoring non-

sTmoker a over smokers a I so haive beern bIancd nn C V r d e C 0 M ii)I 0 U I 11 I (

pci soncino of the smokers ( Durazzini. Zazo, and Bertoni 1975).

EInhancement of 1iercept ua I per formance by smokin-, when it %
(c c u r , a p pea rs t o i) a r es u I t o n i ( ot i n e i n c ri .e n i co tr i S e r%"

o t h e r s o i i r c- e a i t -a i s; mc o k i, n i v p i c cc I I v 1 r o d uI c s i mii a r r e s u l ts.

Se e t c thapt cr on sc iokin i (I Ch lurnce I I i r aIrevi " v ew 0cl
hi C0-(H(llb re I at ion si p an id c1 i ('tf il i( I ,ct s on cixyv, ,n t r s---

port a nd ut i I i/. al ion.
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7rl 11rbI II i o'.1 1 I i i d I I o f' (iii pe i4p 1 i '' s . i'

I t i t 1,< Iii , t,', i i1 1 [i' ,11211 1 a i I I <i 1 o . ,_

l ,r , Ir(' tS'() kOY ijuw st iin.l th t ' 1i hi' dii ,Tt' '",,hf)i'h u thi c Ol ''I Is t(' r in t bf' d l i'11 iii loa il r

1) h - ion f: rv hit ir tho d f f'r ,nc' hot o n s o rs an I-,.ccoil

1,,' Q :.okor> ' tll, I- n I'I st .stit c, e a: n h t arc th' l onn-tcr, iai
()no q, I o t - C t h roK i '4.'" dit, li r (i f st I e n i s' i ,t aie to e- i n (I

i"', ,i o~t I;o it , r'l '( - (It <T i t i '  "- I' r,--t

1it 1pi s nsit ivitv an dark ;d 1pt a i I-

* S
o i; t:r ) ot Trlhon mo no x d A ..- w;s d s r i 1) d i t h c h apt or o n-,

h' cl Cts of s inok in o on physical performance, carbon monoxide '0%

(J)) is ,a ajor component ol tobacco smok'e t hal combi nes wi t'

h-mo)Iobin tI, form ( arboxvhemojlob i (((lb) lnrid this reduces
l aif T manlun t of h Ie mo, n bi n a v;ii Ia i 1 to t r ; ilit it ov x ,v ()x(' oe n X V e

I ri ic,l for nenI)ral and sonsor sst.c m- (>lctFarland 1970) ;a m •

t ar m u sI e s '.is t ems ( \o )i e 1 a ni ( e so r 1 7 ), a n d st u d i e s
C t f f w oI I wo 1ld hie Ox pc c t (,i t o he d i I o t Iv i I e va n t to .2.-

t li' ot t ho imood iat fiI'ct e< of smoki . -

(11b e ce Is of t r t o ten i o rcen I which c or res 1)ond td o- -

1 h', ane f (()hII l Ici s p)rodiiced hi smokin (( ast Ile n ani (1

() f I 7 ), a h;i be en found toa pr oi c . od f f e c on vi s .a.
si nSit iVitV in somo stUdio s, bhut Io show no el IecIs in ot hers.

I[ I a rei' v ew o I bt, hivior i of tI e c CO ( n t n i(.) tsC anoil Fian, ,.i n
I t i ,s ;i ( >', r i an (1979) foutnd th, bulk )I st t d i es indicai in-

v I i Ia f iun ct i o n was qu i t ' i n st(',ns i t i v e t o t t, f oc t s o I. -

ar tIthi o ( (n % t en when ('(tl c( nc nt rat i otins wet, w I I a b , V C'% It h

ti (1 i' rce n t hat i s n ear y I t ho ma x i mum COh pr 1- d oi by v (,r "

i i'ai % smokini. I-or txamplo , luria and ,IcKaiv ( 1970a) Iound

it' i h e r so io k u r s nor non smokors show(d c I a n g C s i s i sua I
i'1 I t v it v is a r s' illt I of C' x [) osure t o 19 p )m CO mi xed w i th,' I t -

;II r that r;iis'd nonsmoker (flfb lIeve Is to ) percont and simoki - . -

%'V ,i s a raii'1' it r n). 2 p r o'n t t per ( (,lit, I S

I i , vi jaor in t r os I b it lur i a nid >1 Ka v d i d f i Itid

I ''n i i i ant n;Id ma r k ci i 11p r o vf lie.t I s iit i t i lIt v s iot ov ,Ir a - %i -
t '1-t inT, p' r i oid for 0 -m , 'rs ,,when b r ' t i nI -Iii r llIv i1 lboil I aI
t r ,o, p f, 't l it I o p in (t b vf I' s a i r urr ri d it i Il t2 1hi s po I il d

i,,,h,'ii l ii .- 1',' I I' i -a ti ! ii, 'dt, i) h! I hd 1i d 1 t( 1 11i l h d ,o liil I I
ie , " i--

,NO,, - ,, ,,
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,ppear to be the b, as fo r Ihe improvement hi> I, n, . ..... ,

there was no decrease in visual sensitivitv with ai cotisidT,1lv 1)1
larger increase in COlib in the (?O-breathi ng corid iI ion, lr a ' '
and cKay (19 7 9a) do not try to account for this signifi n lt 0

improvement of smokers in the control condition. It may be
that some change in accommodation, pupil size, or other ocular
variable with smoking deprivation may have influenced the
improvement of nonsmokers during the 3-h testing session where
air was breathed. Roberts and Adams (1969) showed accommoda-
tion and pupil size both changed with smoking and it is
probable that smoking deprivation also has effects on these
ocular systems. If this improvement in sensitivity over a few
h of abstinence from smoking is a general visual phenomenon, it
could have major implications for improving performance in
darkness of soldiers who smoke.

Hcwever, a few studies have found effects of very low .' ..,*

levels of COHb on visual sensitivity. Using highly sensitive
tests, very dim targets, and trained subjects, McFarland (1970)
reported significantly reduced sensitivity of the eye when COhb
was increased to levels as low as three percent by breathing CO ''

mixed with air. McFarland also reported at very high intensi- 9 0

ties, such as those produced by sunlight, oxygen lack (in- . N

creased COHb) produced practically no change in foveal visual :%
a c ti i t v .%

Evidence that accommodation changes may be implicated in
some of the CO effects on scotopic sensitivity comes from a ! •
study by Kobrick et a]. (1984) who found extended hypoxia . -'.-.-..
(relative oxygen deprivation) increased thresholds for green
lights during dark adaptation compared to performance at sea
level. No effect of hypoxia was found for red lights when they 
were presented in the adaptometer. If hypoxia or some other P '"

unique aspect of the high altitude environment changed the
resting level of accommodation or otherwise changed the ability .*,%

to focus at close distances, the "closer" opt ical distance o! %
the shorter wavelength green lights may have led to the
"hvpoxia" effect s.

Immediate effects of tobacco smoking: Other resear(h hv I 
Mc Farland and hi s col leagues reported by MIcFar land ( 1()7())
indicated three cigarettes smoked in the space of 1 h raised
f oveal thresholds by about .4 log unit and at the same time 
raised COltb levels to 4.1 percent from .3 percent. This efet . ""I
of smoking was judged to reflect the CO in cigarette smoke -

since COllb levels of three percent (produced Ibv breathing
reduced oxygen during ti. same experiment) caused a change in i %
visual s ens it i %i t v intei ned i ate to the visua s ensit i vi t v t hIi at ,,
r 's u t e (d from simoking of the second cnd thi rd c igare t , w hi h
h1 1d prodl ed (')lh I evels ,l 2. percent and 4.1 percen ,"
re pe t iov e I•

A. %

, . ... . . . . . . .* . ... . . . . .. ,,". . '. . . .. .. , , . . . . . ; .:.
-= r . . . . .. . ..a' %
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S c a r d (19 46) s t ud i ced immied iatLe eIffect S o n d a r k, d a p L t ioH I.. .
0f tobacco smoke and -o k e f ror,, c i areL Le S t,- ho 10UtI n icot ine c,'%''
lie reported substantLialI d ecreases i n i h t s en s itLiv ityN of bol-11
rods and cones for t oba cc o smoke , whlet her iiih alIe d or just 11el)d,. --.
in t Lhe to u th I b,)ut no d1ecrerment i n s enit L i vi t v f r)r sm okec f r om , -r-
n ic o t-ine -f r ee c iga reot tcs Th e e ff e ct Ilisted for 1 5 to 30 ri-,in ,..

,% .,'

fol lowing smoking. This would appear t o suppot t the smok in- - ..
r elIait ed d e cr e i(, n t i n Iigoh t sensitivity found b%- 11c[ar iand,. ,.
Htowever , unlIi ke :.lcFar land , who attr ibuted the dimrin-i Shed
sensitivit to C(Hh , Sheard attributed the effect to nicot i one

A Ilt ho u gh the brief r-eport by Sheard does not go into detai I,-
this attribution to nicotine probably was because he found -,;
breathing pure oxv-en (lid not eliminate 'he reduction of ,,
secns it iv ityv any faster than breathing, air. and also because ., ,.

ok ntobacco oka oer cigarettes did not produce the decrement.
rowever one wonders whether experimenter or subject expeca- 
tions were not a najor factor in Sheard's results m Not the
Ieast problem is that nicotine fro ci garette smoke is p o o r y
Ir mitted t o the brain ess tob a cco suoe n hale dsmokin

renninf ie n d 1 984) ih s tv f.L c

(lIo twte ( et her1 unnd, T rlokrand , Dattn isd, ahd Hen diev 101d
s ueni d i rk i da ) t ttio O , c e r r d s n i f i can t ffas t or and f i n 1. .-I

enSit v t wa n S re 3 e, a t er srok ing. A possiblIe exp lanat io ,)it 0.,. '
tho uithors proposed for thi. s effect was that nic o ine re easetfis a t iotin the hemi al processes underi -

r e athi dpt t iol g en i nt research sugests increased
sictiitr b ood fso tero ta'n smoking (Robinson, etri, and-

owve , onev be another ri ecIe factor or, at east, ae
on tr eibt notf a j factor S iiIar results to Troemel , Dav his, and"

H f, n d Iev ,ee f -o tn d b y v Gr a m ber - -Da n ie tIs, en ,, P u lIs , and To l ksdor f " " "() 74 wh reblem L td t hree or frou cigarettes in a 3- in pooriod

itrove dark vtie o ito and inrse d asp ned o ef rea)dptaLioi to th e
d -k Blno (a192 r o ted si vC I is ndor f a s 77) aso t ou d , I
i:'e r o v e d  d rk-v i s i er t er s s A kpsiinlo e p n t n.

'l e n IorSC prposed r 0 d dI rk eted wa t inocoi one I I r . % %-e%
% .

p(,r i o n i n oder.)t f, >;:Tok PI i 1 c C nd i t i s wIere t ey b f i t he r lv-
s (, v , tar re t - bed and .utn d cri i l , but s oi ni t i l, a t
,Ie l 0C it(d Wi L l , o kin r h ir st 1 n Pin of dark adapt'-'
iipove. cvler, 1v t- cr n ireaent of adapat ion , veac t ion to l

t 'nSit iv i t v fd r1 n is i o m o k ino conditions was rn. different
t o, r i e c dur ;i codic d dark Cn issendorff a I ls Ior o kiei d

o hd ii iiodcat e s otr, ; i c e t, te ai ter e0 min of dark
S(ii 1 r t eiih a i v, ci ni, rtor u td i darki ess a n e d r eh e ii a
i) 1oiate n t Ii dIiod ,d. br t i irc nt i mpaim n t o r i nrove-

i li I, I t vh e - I, . l rk id ipt a at ion could be n, isu ia c d %

1,!si itydring( ti oIio n cond, ( kitionstt t was no differet i

o t fl ,-c- di r(I n g r t c c l n s s iid or f f a c s r e r d e ddd c cI

it, ,,t, l ,i r I c of s ii i ii ar ir Trtte a fte r , t 4 mi doki h-

S t r L It idit Iii 4it a d appiiiaent Im with t (ov ol imnd -

.h'. l 'tio I, (,I I i I orif d i d not su c gi c st t ii i Cx p I a i a t i 0i .

% % 7-.. d.o.% %
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t n LItd (I n d I t t .. .. I a aptat ion (ro m t i I i 1 ng ,1(d smoki z "it.

o It lhe ci ga ret ( p rod tic ed t he red uc ed sen sit iviit a esoc i at ed -. ,

cIt o sMok ini that occurred during the first 1) m i n

Iohansson anid Iansson ( 1 1 5) measured the t- ime t u i iti- i- .

v e 1 e c t a di 1 1 i g ht so u r c e i n a studv princi pa I I v a i med a t
e e, fects f s m o) -in, on q lare recovery. Subjects were 0.

Wil;r w o at cI teri . -;essions ei ther stoked (or didn smoke 
U t i j ] -ain (Ia r k :j d ],ipt at ioii period. LnitiaI detectai n time

<f tin dim I i ht was not di fIerent hetween the smoking and
Tin smok no cond i t ions.

The res l ts of c F rar and ( 197U) and Sheard (]946) who
reported L significant immediate reduction in dark adaptation
trot iciencv as a result of smoking, conflict with the results

f, oh1ne (1962), r raberg-)anieIsen , Pu Is, and Tolksdorf
1I4) 4 (n1 Trorm e l , Da v is, a nd He n d.evy ( 1951) who f ounid
::l-,ro\'ements in sensitivity. The results of Cal issendorff
t 77) and Johansson and Jansson (1965) larely arc nonsupport-
•e of either a decrease or an increase in sensitivity associa-
-d wit h smokin ,, g. It does not appear to be possible to resolve .

, fference s in these contrasting results pertaining to the
::li(diate effects of smoking and nicotine on dark adaptat ion .
Ites, and on f i no I levels of sensi t ivitv . Add it iona I research
- needed to determine whether smoking and nicotine detract .

r co p, im prove or have no effect on dark adaptation rate and
1 ti a h Ilot , vi so ol sensit i vi t v.

It frne's between smokers ;mnd nonsmokers: The sensitivity of
th, eve f ol lo in dark o daptat ion was tested bv Luria and >lcKav -

' b(h) i n smoker-s an n sm o k rs w h o ranged i n a ge f rom 20 to
en smokers ail t ,r) PonS mOKerS were i c] Ude d in each of

Sor .ige, ,,r-oonst: 2 - +  30)-3q, 40-49, and 50-76. Subjects were
,1:1r-:(i-A ,ptld, then reqtired to identifv the locat ions of dim

I I- t T ure r ('te(d at (iil feret (n ,riilIeral locat ioTs in the
.iu i f 't ,i t , dIi rn o I 1!4 i f rom t he eve in a devi(e ." c.e

I ol, eI 1 v (1 ii n . ind Rv 'an (19 ()) . Smokers showed ,
i n i f i i n t )v poor ,r r o r , rt c c i o t t h s I S t p i e rs i t ,v i t v " "

t ol os n 1 aS F1 0 ' I t Il I e roUps. A1e also produced a
rui icant eifc ,it lower scores for the two older age

,r,,ups than I or s ib 1 ei- s aged 20-39. Nonsmoking 40-49 ,'ear- ,
e o r' hertorcied at n(,a i thc same I evel as smoking 20-39 year- " '

o ld . No mention wuts made of the len.th of the perio d, if any, -

mi or to testinI when smoking4 did not occur, although there was %.
) tir ,In d of dark adaptat ion. It is thus ditficulIt to determine

v. e t er t hese smuker (I i f f e renc e s r e f I e c t e d e I t ec t s o f i in mi e di a t e
PC -. ()o n r 1.o nf'gten lF" io k inu.-d

1 I o h r's,:rch ha s s hown dar k adap t it n proficiencv -N-.-
'0,-- dT.c eo.ie i..ii :{'I ' sr,' l'mssicr ct ii. 'Vs Vi a rev\iew),"..-,_

%..% '.
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the close 14•3-in viewing distance also may be a factor in the .''.
age differences found in this research. The ability to focus .
the eye for objects at different distane~s \ocular accommoda- 0
tion) declines with age and largely is gone by age 40 (Alpern "" ''

1969). This age-related loss of accommodation is known as ,'. .
presbvopia. It is possible the problems of the older subjects '
relative to the younger subjects were related to an inability " '% '

to focus on the close targets due to their reduced or absent - .

accommodative power. Presumably, vision was corrected for the •
stimulus distance, for each subject, but conditions of darkness ,
would be expected to alter the accommodative state, causing it
to drift outward from the close 14.3-in viewing distance toward r.,ow..* :'.

a resting position that is typically 25 in or more (Leibowitz r
and Owens 1978). The resultant additional need for accommoda- .-
tion might have been met by young subjects, but would be less •
well met by older subjects due to their loss of accommodative J% j
power. This raises the possibility younger smokers were 0% ,e.
rendered "presbyopic" by smoking so their ability to focus on % N

% :N

the close light targets also was impaired Roberts and Adams cr i
(1969) found accommodation for close objects to be reduceds
immediately following smoking, and this supports this accom-
modation explanation of the results of Luria and McKay (1979b). ..

The reason for proposing this "ocular accommodation" ikw-n as

explanation of the strong smoker-nonsmoker difference found by,..- -"Luria and McKay is, with the exception of the studies described
below by Young and Erickson (1980) and Durazzini, iaz, and
Bertoni (195), such large decrements in dark adaptation t
associated with being a smoker have not been reported in the

literature despite a long history of research on dark adapta- -:%-.-"sit dition some of the studies of the immediate ss
effects of smoking, which were described above, have shown it

smoking to enhance both dark adaptation rate and final levels
of dark adaptation. Smoking-related changes in accommodation-

that improved target focus could even explain these smoking.. ,.?benefits that have been found g sbc, uwodel

Young and Erickson found dark adaptation to be more than -' . -
twice as long for smokers as for nonsmokers. This study was
done by the US Army Tank-Automotive Command (TACOM and the o
major purpose was to compare the effects on dark adaptation of
exposure to red and blue tank interior lightst Subjects were
exposed to either the red or blue lights and then were required
to judge the location of a dark square against a dimly i umi-.

tated background as soon smoker-nosmok adapted to the reduced
illumination and they could make this discrimination Adapta-
tion times averaged 12.7 s for smokers following exposure to

red interior lights compared to 4.7 s for nonsmokers. Follow- - -..ing exposure to blue interior lights the adaptation period-
averaged 21.7 s for smokers and 7.0 s for nonsmokers. This
large difference between smokers and nonsmokers in a simulated

:. • :. -.:.-. .-. '.-
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tactical environment appears to indicate that smoking effects , -

on dark adaptation are of sufficient magnitude to influence-

real soldier behaviors and such differences might justify

s~liction of only no1snoers for worK in such tactical environ-
ments or temporary prohibition of smoking for soldiers who '-'

smoke if research showed such prohibition improved adaptation. P' "

However, although the smoker-nonsmoker differences found
in the study are undoubtedly real, they also may represent an
effect of smoking or smoking deprivation on ocular accom- S
modation and not a dark adaptation difference between smokers

and nonsmokers. Initial adaptation took 20 to 30 min, and if ...

smoking deprivation for that period (plus some probable earlier *-'',

abstinence period) were to increase the difficulty of focusing '.-K. A
the eyes at a distance, this could have interfered with smoker

identification of the location of the dim targets since the
target distance was 2.8 m. Difficulty in focusing at a
distance could result if smoking deprivation caused the eyes to
adopt the resting level of accommodation or "dark focus," as it
is known, which averages only two-thirds of a m (Leibowitz and .
Owens 1978). The effects of smoking on accommodation processes
are poorly understood (see below), and no studies have been
conducted of the effects of smoking or the effects of smoking
deprivation on the dark focus of the eye (Leibowitz, personal
communication 1983).

Durazzini, Zazo, and Bertoni (1975) also found poorer
night vision for smokers than nonsmokers. They found pilots .
who were heavy smokers took longer to adapt to darkness than
nonsmokers and light smokers. These differences were corre-
lated with levels of cyanide compounds in the blood and in the
urine of these men. The investigators saw a causal relation
between these cyanide compound .levels and the visual deficit. D 0
Unfortunately, COHb levels were not measured by Durazzini,
Zazo, and Bertoni, but these undoubtedly also would have been
positively correlated with amount of smoking even as was the
level of these cyanide compounds. Sufficient details were not .

provided on the dark adaptation task to allow any discussion
about possible confounding effects of smoking or smoking
deprivation on ocular accommodation.

The results of Bohne (1962), Gramberg-Danielsen, Puls, and
Tolksdorf (1974), and Troeme', Davis, and Hendley (1951), who
found improved dark adaptation with smoking in smokers, may not --

conflict with Durazzini, Zazo, and Bertoni (1975), Luria and
McKay (1979b), and Young and Erickson (1980), who found large "
differences favoring nonsmokers over smokers. The former three , -
studies were on the immediate effect of smoking on smokers and
the other research compared smokers with nonsmokers. If
subsequent research should confirm there is a long-term effect

of smoking on visual sensitivity, there would be parallels in
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the short-term and long-term effects of sm~oking on card iovascuJ-
lar performance. There would be corresponding minimal effects

of immediate smoking on visual sensitivity and on physical
performance and corresponding larger etfects ot long-term.
smoking on both of these variables.

Even as there is a need for further research on the ,.

immediate effects of smoking to resolve contradictory results,-

showing improved, unchanged, and decreased visual sensitivity
with smoking, the smoker-nonsmoker differences in dark adapta- 0 0

tion also need further research, especially given possible
effects of smoking on accommodation which might account for the
dramatic differences between smokers and nonsmokers reported by,. - .
Luria and McKay (1979b) and Young and Erickson (1980). Should'
the results of this research indicate the substantial differ--
ences found by Luria and McKay and Young and Erickson and also 0 0

indicate that they are bona fide differences in adaptation
rate, there would be a strong basis for selecting nonsmokers %'
for fighting in reduced illumination. This is certainly one of
the most important research needs in the area of smoking and
soldier performance.

Critical flicker frequency

The 60-Hz "flicker" of standard incandescent and fluo-
rescent bulbs is not noticeable since this on-off rate is

faster than the threshold rate for perception of flicker. This •
frequency at which a rapid pulsing light is first perceived as
flickering is called the critical flicker frequency (CFF). The
CFF varies with the brightness of the stimulus, the size of the
stimulus, and the relative duration of the on and off compon- ... %--0

ents of the stimulus (Landis 1954). The sensitivity of the -"'-'

visual system also influences CFF with more sensitivity leading •
to a higher CFF. For example, CFF performance has been shown
to be impaired by sedative drugs and improved by stimulants

such as caffeine (Smith and Misiak 1976).

The effects of smoking on flicker perception have been

extensively studied and most studies indicate greater sensitiv- .
ity to flicker following smoking. Waller and Levander (1980)

compared the performance of smokers in smoking and nonsmoking
conditions. In the smoking condition, CFF testing was preceded
by three puffs on a fresh cigarette in a 1-min rest period
between trials. CFF threshold increased with smoking, and the

relative increase in frequency at which flicker could be •
detected was particularly dramatic since CFF threshold actually

decreased over comparable trials where there was no smoking ',-
between trials. The changes were only on the order of one # .,

cycle per s between the averages for the smoking and nonsmoking
conditions on trials that showed a maximum difference.
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However, these changes were highly reliable. The signific ant
improvement following the five three-puff smoking periods
apparently indicates either an increase in sensitivity of the
sensory system, of the brain which processes the neural signals
from the retina, or of bolt,. Waller and Levander did not use ,
an artificial pupil, but claimed that pupil changes were not a
factor since another group of smokers showed no c~anges in
pupil size during smoking and nonsmoking periods. According
to Wailer and Levander, the drop in performance for the
nonsmoking condition may reflect an effect of fatigue. This
drop in performance will be discussed further in Chipter 4:
"Effects of smoking on vigilance, rapid information processing,
and divided attention."

Barlow and Baer (1967) also found significant improvement
in CFF 1 min after smoking (ten puffs on a cigarette). This
occurred both for light and heavy smokers. Light smokers' CFFs
gradually returned to presmoking levels with a complete return
in 10 min. Heavy smokers' CFFs dropped 5 min after smoking to
presmoking levels. However, 10 min after smoking, CFF dropped
to a level that was significantly below presmoking levels with

all 15 heavy smokers showing this change. Following this, CFF
rebounded 5 min later to a level significantly higher than
presmoking levels, although not as high as the level 1 min
after smoking. This striking biphasic change in C"F2 for heavy ,
smokers is not explained readily and calls out for ad(I ioaI,-_
research with close monitoring of nicotine levels in the
smoker, control or monitoring of pupil and lens of the eye, and ,
longer testing periods than the 15 min following smoking used
by Barlow and Baer for their study.

Warwick and Eysenck (1963) found improved CFF performance
from 15 to 20 min after either smoking a cigarette or the
administration of a nicotine tablet. Nonsmokers were included
in this study. They were not affected by smoking, pre:sumably
because they did not inhale, but they did show improved CFF
performance with nicotine tablets. Smokers did not show %

improvement unless they were deprived of tobacco for 12 h prior
to testing. This is similar to the results of Larson, Finne-
gan, and Haag (1950) who also found a period of deprivation was
required for the increase in CFF following smoking to appear.
Unlike Warwick and Eysenck, Larson, Finnegan, and Haag found
nondeprived smokers had somewhat higher initial CFFs than
deprived smokers. Smoking a very low-nicotine cigarette did ,
not change CFF, indicating nicotine was the critical determi-
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nant of the increased CFF performance following smoking found
in the Larson, Finnegan and Haag study.

The improvement in CFF with smoking occurs despite a
decrease in CFF associated with CO inhalation. Seppanen,
Hakkinen, and Tenkku (1977) found increases in COHb saturation
above 6 percent produced a significant decrease in CFF with
each percentage increase in COHb reducing CFC by .4 Hiz.
Smoking and nonsmoking groups were compared by them and showed
no oroup differences at any level of COHb concentration. COHb 0
concentrations were higher for smokers than nonsmokers during
air breathing, but the difference decreased as CO breathing
continued prior to each of the six testing periods. This
absence of difference between smokers and nonsmokers for CFF
"sensitivity" found by Seppanen, Hakkinen, and Tenkku contrasts
with the earlier reported large differences between smokers and 1 0
nonsmokers for scotopic sensitivity (Durazzini, Zazo, and
Bertoni 1975, Luria and McKay 1979b, Young and Erirkson 1980).

Although Seppanen, Hakkinon, and Tenkku found reduced CFF C."...-
with levels of COHb in the range of those produced by moderate- '

to-heavv cigarette smoking, Laties and Merigan (1979) reported 1 •
many investigations of CFF following CO exposure have not found
a change in performance, even with higher blood levels of '.'8.. .

4fCOHb. The consistent nicotine-mediated increases in CFF with % .

smoking found in the studies reported here indicate smoking-
leel CON,) decrements in CE? performance are considerably

smaller than the nicotine boost in CFF following smoking.
However, this smoking must involve a cigarette with at least a
moderate level of nicotine. Leigh (1982) found smoking
increased sensitivity to flicker with high-nicotine cigarettes
(1.2 mg nicotine), but smoking reduced sensitivity to flicker
with low-nicotine cigarettes (.1 mg nicotine). Leigh discussed
this as the result of a stimulating effect of nicotine that 0 •

outweighed small COHb depressant effects during smoking of
high-nicotine cigarettes. However, smoking of the low-nicotine
cigarette produced too small a nicotine dose to overcome the %
depressant effects of COHb on CFF.

Leigh administered alcohol in some trials to study its 0 0

effects on CFF. Alcohol without smoking reduced CFF, but
smoking combined with alcohol administration more than compen-
sated for this decrease when long testing blocks (required for '
a signal detection analysis) were administered. But in the
much shorter testing blocks used in later portions of the
study, smoking and alcohol led to an unexplained greater" *
reduction in sensitivity to flicker than alcohol alone. With
both short and long testing procedures, smoking without alcohol - S.
increased sent it'vity to flicker.

4,3
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Tong et al. (1974a) studied two-flash-thresholds as a
function of smoking alone, alcohol alone, and alcohol consump-
tion combined with smoking. The two-flash-threshold (TFT can
be thought of as the CFF when there are only two flashes. The
TFT is measured by increasing the interval between flashes
until the subject sees two flashes instead of one or decreasing
this interval until the two flashes merge into one. Tong et
al. found alcohol reduced sensitivity to the two flashes.
Smoking increased sensitivity to the two flashes in conditions
without alcohol and smoking largely overcame the depressant
effects of alcohol when smoking and alcohol consumption were % %

combined.

They also compared nonsmokers to smokers and found a
higher sensitivity for nonsmokers over smokers which "... could P

reflect permanent differences between the groups or the
depressive effect of tobacco deprivation." Their own data
appear to support the former explanation because even non-
deprived smokers showed lower sensitivity than nonsmokers. ]
However, as reported earlier, Seppanen, Hakkinen, and Tenkku
(1977) did not find differences between smokers and nonsmokers
in their study of CFF and research on smoker-nonsmoker differ- -

ences in CFF is needed to resolve this discrepancy.

Another study comparing smokers and nonsmokers on CFF was
reported by Baer (1967). Baer did and did not find differences
among heavy smokers, moderate smokers, and nonsmokers, His
heavy smokers average CFF was almost two cycles per s greater
than for nonsmokers with moderate smokers more than one cycle -
per s higher than nonsmokers, However, small group sizes
(five) and large differences between subjects within groups,
particularly for heavy smokers and nonsmokers, prevented ee
statistically significant results. A within-subjects variable "• S
of hyperventilation did produce significant results with
hyperventilation reducing sensitivity to flicker. This result
was described by Baer as contrary to previous research on the
effects of hyperventilation on CFF.

Visual acuity -

Except for rare conditions such as tobacco-alcohol
amblyopia (Dang 1981), smoking does not appear to influence ... %

central Visual acuity except perhaps at very low levels of
illumination as was described for some studies earlier in the
;ection on smoking and scotopic sensitivity. For example,

3
However, studies of both CFF and TFT have found them to

be correlated at very low levels or not Lat a] , accordint to
Tong et al. (1974a). ,
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Shephard et al . ( 1978) e xam in A(1 2 a4. ( Its a ii (I to tn r! o, ,
differences between smokers and nonsmokers in corr ted or \._ -

uncorrected acuity as measure 1v S nel len test char s.
* 0

Luria and MIcKay ( 1979b) found smoker-nons moker d i ! I ,r 11ce
in median refractive error were not signif icant in their ZA%
comparison of 40 smokers with 40 nonsmokers, although a great er >

positive (farsightedness) correction was associated wti t--
smoking at every age group. Luria and 'cKay did iind a AM

significantly higher positive correction for older subjects 0 0

than for younger subjects. Given this trend for smokers to %

have more positive spectacle correction and the significantv %
more positive correction for older persons, one is tempted to
suggest smoking may lead to premature aging of the refractive
systems of the eye. These tendencies to farsightedness with

age and with smoking, suppcrt the smoking-accommodation-chanoe -r

explanation of the smoker-nonsmoker differences in scotopic
sensitivity with close targets which was suggested earlier. V

Peripheral visual acuity does appear to be sensitive to
smoking. Unfortunately, some studies show smoking to increase
peripheral acuity and others show the opposite effect. .
Scoughton and Heimstra (1975) found smokers smoking high-
nicotine cigarettes outperformed both smokers of low-nicotine
cigarettes and deprived smokers in a task that required

".%
identification of whether a peripheral target was moving or

stationary. Nonsmokers also were included in the study and no -,A

differences appeared between deprived smokers and nonsmokers. -
This finding of a superior performance for the smoking group
was unexpected, given earlier work from the same laboratory
(Krippner 1970) that had shown abstinence from smoking to
increase the size of the visual fields. Research by Johnston
(1965, 1966) also showed improvements in size of the visual
fields following abstention from smoking, although the very
small number of subjects casts doubt on the generality of her
results .

Fink (1946) investigated the effects of smoking cigarettes ,.

of high and low nicotine content on the size of normal anoio-
scotoma (blind spots produced by blood vessels in the retina) . .-

and found the areas to increase in both smoking conditions with -
a larger and longer duration increase for the high-nicotine

condition. However, this may not reflect diminished visual
function, but increased blood flow in, and widening of, the
vessels, given the results of Bettman, Fellows, and Chao (1958) 0 0
who found some subjects to have increased intraocular circula-
tion with smoking. More recent ly, Robinson, Petrig, and Riva
(1985) studied blood flow in capillaries of the macula , of the,
retina and they also found a significant increase in blood f !ow 4_,
following smoking. l1he I ile couirse ofl this blood-fI Iow in, 1' IP,. % '

,w .':-'..-,
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o rrc pondei closI v t , the lnuios i to na cIianies, i1,111d bv IiIk
and t hi s t tonil su ge t s t Iat he sas iidiionst r n n ( i , i A

bl oo i i ,' in t h 1) e r i ph 1 r a I r I i na an d no t di in i n shed v i u I a
s n 1 ivii v wit h stmo kin s he t h otight.

%,

I, t11 e 1 ii S t iid,' found ti t compared sm okor. ;Is d

nonsmokers on perin heral Iacuil, v 1, ri and cKav ( -10K I ) did 9..i,"
not fi nid di If ernces bet ween smoker, ;and nonsmokers .,.

A-. with the effects of smoking on night vision and dark
ai6aptat ion, he effects of smoking on peripheral acuity are
contradict ory and more research is needed in this area

C .\commodat i on can influ ni c periphera I, as wel l as ent ral
,ac it v , and poss il e changes in accommodat ion with smokin9

and/or with smoking deprivat ion may he influencing results in
manv of t hese st udies. Fu t i re research should monitor accom- -

modat ion levels or control them through cv( loplegia or other

Glare s scept i LiIi t v

,ohansson and Jansson (1965) simulated the glare from '. .

oncoming headlights and measured the time it took for visual
sensitivity to recover from the glare source. As mentioned in
the section on the immediate effects of smoking on visual
sensit ivi ty, they also measured the time to init ial ]Iv detect a
di m I ight source p r i or to presenting the glare stimulus Allu s .. A-.I
su 1)ects were smokers who either smoked or didn't smoke at
alternate sessions during the 15-mi n period of dark adaptation
th at preceded each session. Neither initial time for detection
of the dim Iight nor time requi red for its redetection follow-
in,' exposure to the "headlight" glare source were different •
between the smoking and nonsmoking conditions. The authors %

",,* conclusion was " the abi 1 ity to detect obects on the road%

regarded I rom the pract ical point of view, is not affected bv , ,
tobacco smoking." It is unfort unate the authors did not I
include a group of nonsmokers in their study. The results of I%. ,*.

Luria and %lcKav (1979b) and Youtig and Erickson (1980), from

.omewhat similar research paradigms, suggest. nonsmokers might
have been at a substantial advantage over smokers in this task. .-

"< right , Randel 1 I and Shephard (1973) studied the effects
of C) on glare recovery, as well as on other driving-related
tasks, wh(,n COuih levels were in the range of levels produced bv
c i gi ret t,-sm o k in .n (O- eXs1)SeCid sUijects re(Ui red a bright er
s t i mu I us I fi I I ow i n o , x )os u r , t o s imu I at ed oncoming hea dl iglit . -

glare thain ;i r - re;i hing si )ject s, but the di fCerence, was not .;

signif i ;ant. Peadiaptatini o l lowing glare exposure took an

A:enage of 5()ercent longer for CO-exposed subi ject s ti an Z
I t I i r - , r Iat hi I n g s 1) j it s . hut I Ig v i r i n ,xi s I d t ,l wt ii
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w rs on vjare ,re( very (ol suwin, {,ffC ' 0T-F p tC s 0 ,t;I 5

sioni ant v ,. r e ,than the tour of o u a r-hr,.ac c in, h jdCts t

1,h0 lOCO-e lsOrS on sec-ond t(- t ie 1 e i I 0 (1)11b in tip, u p.
uIk r a' -ci(9 t S u: O d oipe r t h urt (c b, rei oc' V ', b t th i ' -ary

result s ot ;ohanss,-,1 and lansoon (l )11-1 suittesi nicotine, franl'..

*u I 'i t h itok li V o\(' er It e t he ;,o t ie I in he SaitO wa\' t t

ni ro in- o 0 ver (f Cd(ilb f f Fe- t a on ( I (see bn te o'--us on)h-o

Smokin offects on eve movement, ocular accommodation.

I)cular accommodat ion is the process by which the cifiarv
musc(91, (<itfln the evi alters the shape of the lens in order to 0

brin,, objects of different distance into ocus on the retinadi-_ne.-,
Al prn lhhh() . owell1 (19Th) provided a summary' of several "'"''5

stuies of smoking and accommodation and reported smoking -;V.,,,'

inc~asd te see with which accommodation cagdfroman.. ..
obje ct at on, (distance to an object at another distance. ihe e.- .

effect was strongest for changes in focus from far targets to 0
near targets. ()n the other hand, another studv reported bv V.,!
Powell showed facilitation of accommodation for distant objc-ts r-
following smoking, but a slowing of accommodation for near
objects. Smoking apparently occurred immediately prior to
testing in both of these studies. Powell reported that when .
,ccommodat ion behavior was studied for 1 h following smoking ,
uccoamod t ion speed was found to increase immediately after

'smoking and then to decrease later althouoh no specific time
i intervals for the increase and decrease were given. Unfortu- .*'-.-,

natel , insufficient description of the methodology is given to
trv to account for these contradictory results and Powell's

explanations are unsatisfactory. Despite the problems, the
Powell report is included in this review because smoking does

appear to influence accommodation in these separate studies,
und beciuse such smoking effects might account for many of the
contradictorv results in the areas of night vision and periph- .o'.
eral visual acuity.

Roberts and Adams (1969) studied the effects of smoking on -
both ocular accommodation and the size of the pupil. Smoking,
one cigarette caused an average reduction of the near point
(closest distance at which the person can focus the eves) by 2
diopters in 12 male subjects who ranged in age from 19-22.
leasurements of the near point were made at 4 5-s intervals with
each measurement occurring 30 s after inhalation from the ,
cigarette in the smoking condition. Subjects served as their
own controls and, in the nonsmoking condition, accommodation
amplitude :ict uil I\% incrcas(.d by nearly one diopter on the
Averavt2e over ten 45-s-spaced trials where "sl ig-ht ly deeper
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breaths" were taken at the equivalent time intervais as i he ---.
smokinQ inhalations. The increase( in the no-smoking condition' "
is described as an effect of practice. This practicfe effect _.._
subtracted from the smoking effect makes the change with
smoking nearly three diopters which would correspond , for .
example, to a change in near point from 10 cm to 14 cm or from ~ r
20 cm to 50 cm. --- -

Koepnick, Takahashi, and Terranova (1985) did not find an $"''.
effect of smoking or a difference between smokers and nonsmok-

ers on "he ability to rapidly change the focus of one eye back . .-.
and forth from about one diopter to about five dopters for a

~~~period of 1 min. A card with fine print was alternately viewed . -

% at each distance with the optical distance changed as soon as . -
the print was in focus and words were read. The number of '-''
back-and-forth cycles in I min was the dependent variable. At
the first 1-min series of trials the smokers performed while---"'.'.._
deprived of cigarettes for I h. Smokers then smoked (approx-.o ,
imately) two cigarettes during a 15-min period of continuous . ',"

smoking while nonsmokers rested. Another minute of back-and- .€
forth focusing followed. Both groups showed a significant
increase in number of back-and-forth cycles from their initial
1-min periods, but smoking did not produce a different increase ;''';"

in number of cycles for the smoking group. However, these "-
negative results of Koepnick, Taka'hashi, and Terranova may .. %
reflect the relatively low nicotine content of the Marlboro .-. '

* ,r

Lights and Salem Lights which were smoked by subjects in the

The effects of smoking on the restin level of accommoda-

tion or "dark focus" (Leibowitz and Owens i978), have not been

investigated despite greatly improved methodology (wt .g.
infrared optomete dioater-scintillation optometers) for
objective measurement of accommodation since the work by Poerom

(1938) and Roberts and Adams (1969). Such research on possible
effects of smoking on adiffocus" would smoer ad nsoke

implications for visual performance of smokers in situations
where accommodation tends to drift to the resting state. This
accommodation drift occurs in darkness, fog, or while looking
tprough windscreens in aircraft cockpits where there is verywe
little contour upon which the eyes can focus (Leibowitz and "'- '.

Owens 1978). It also occurs in other si.uations where atten-

tion is not directed to visual stimuli, but to entoptic visual
phenomena (Dyer and Allen 1968) tesorspfrmdw

Although no studies were found on the effects of smoking

on optokinetic nystagmus (see Chapter 12: "Needs for additional....' -.risea) w on smoing and soldier pe formanceio spontaneous 5-

rt ica nstagmos was repor ed A Nevel ing ne Kruse ( d "'. 1
i ted in T'ihhI ing and nron k-and - 0for th o Cycles r Iter imo a ,-

ig n rhi f f e clf smok in on egi rou p. i- muscee mr athese -
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for an effect of smok Ing n s pon tane(ou ac.- ivi v of t e
(ci liarv) muscle as Well].

Poberts and Adams (1 969) found small , but s ioni ficant
increases in pupilI diameter during smoking wi th the changes
amo unt ing- t o a bou t .7 mm after e-ight i nha Iat ions ( at 4 5 -s
int ervaIs ) from a single cigarett e. Sub jec ts absta ined f rom
smoking for at least 2 h prior to testing. llenningfield et a] .

(1983) found intravenous injections of nicotine produced sh a rp
increases in pupil diameter immediately fol lowing injection
with a peak of about a .5 mm change 30 s fol lowing injection.
Pupil diameter then dropped below basel ine lev'els. Th e se
changes in pupil diameter with smoking indicated the need for-
artificial. Pupils Or other controls in research on smoking and
visual processes.

Spiral aftereffect duration

The Spiral afteref fect (SAE') is a mo veme nt af t er eff ec t%
thaIit fol lIo ws a pe r iod of fixat ion on the (enter of a rotatin g
Ac(himedes spiral. \\.hen the spiral i s stopped, i t i s immed i- % ~
a t eIv s e en to move in the opposite di rection, presumably rI
because of adaptation of the neurons responsive to movement in % %
the visual f ielId . Lysenek, Holland, and Trouton (1957) showed
(Ie pre( sain t drg ruced durat ion of the spiral aftereffect and
Fvsenck aind East erbrook (1960) showed amphetamine, a Stimulant,
ca u sed a s ignificant prolongat ion oi this iftereffect. Gelding
andf langan ( I )8 2 a) showed s moking a middle-nicotine ( 1.3 mg
c iga ret te ca iused t he eIfftec t t o ceon t i nuLe si g ni ca nt Iv longer in
comparison with a low,-niceti e loa r et te (0 .6m) a nd i n
comparison with a condition where no cigarette was smoked.

Th e \1c coIIo lugqh u ff e ct i s a c oIo r aft ter-effec t produvced by -..

rlrIetrnIr ivlv v ie w ing ai pat te r-n oft h or i /otali blIack and greenl
(or re(Id) lines and] i a pttIern of ve rt icalI blaci (k a nd( rel (o 0- r

iz r e en ) l no s, La h pIaI t te r n S v i e' weCd f o r 5 1- aI n d t o t a I \.-

d Urait ion o f v ie w ing o f t heseu alIt-er na ting stimuli i Sa1bo0U t 5
mm.i Subsequent to this adaptat ionI, viewino of horizontal
blaic k lines against a w h'hjtu background produces a red after e f- N
f erct and viewing of v er t icalI h I a ck I i nies a ga ii st a wh it e

Ano t her I i ke Iv y I fe(Ic t o)f sico k ing -i n dud s p t nc t aif 11 iecUs
nvtam -eve m ove,2men tsWC wold l)C to al It 1-th 1 leC t rFnehl- 0 C'

gra (1G) AlI thIIoug I ma 11' j orYII01 tv-livt n II I i I t 15s ar \p
cal Ilv i denit iftie d a nd IEG1- rei co rd(Iings are is regar deUd f or 1

mvrotv e mtnt pfr i any lr oIo n o tl( i nc(r (,Ise I ai rel2a icve v h i 1.-

w it suit)k i ru n i tii~ d I w t~ i d I i ii I it ,n tl h Itt tt( '1 ~ '

~1 e. -

'? %% %%q .. %% %*~ (



~. -. >' .,

biC'ktro.,'LD rodu e j r ik i
-I t h A- w hich;

I t fo r see ra .UF , th)e ?IU C() II Ug h ut iu t. Ia s ts f or ri n o r ht""".'- ..
ii i g n ki ot n b f t er adapt t i on we re. . "

shown by AMU re ( 19 7, t o p roI ) ng t h e, !c C o IIo u g e ffe t •
ttowever Amure a o rde proi L 2 (1 a F Ub I r ti h e d re su t s which in n
atned cno ffee ( presumabl another Stilant) reduced tht ion e er

duration of the %cCol lough effect. More research is needed to
both confirm these contradicLory influences of different
stimulants on the >cCollouoh effect and perhaps to help explain
t hem.

Auditory thresholds

Ibrahim and Fatt-Hi (1983) found smokers ranging in age
from 20 to 50 showed significantly more hearing loss than a
control group matched on age, sex, and social class. Percen-

tages with normal hearing, conductive deafness, and perceptive
deafness were 30, 21, and 49, respectively, among smokers and

83, 3, and 13, respectively, among nonsmoking controls.
Perceptive deafness was diagnosed if both air and bone conduc-

tion were impaired.

Smokers also have shown significantly more hearing loss
than nonsmokers in several other studies. Thomas, Williams,
and loger (1981) found middle-aged aviators with normal hearing
smoked fewer cigarettes than those with hearing loss. Chung et

al. K 1 9 8 2) found smokers showed more noise-induced hearing loss
than nonsmokers in a sample with a wide range of subject ages. .r

ge .. %

zelman (1973) also reported smokers to have more hearing
loss than nonsmokers in a study of 1,000 consecutive audiometr"
candidates at a VA Hospital. Differences between smokers and Ji -4
nonsmokers were greatest at the higher frequencies. Ages of S
these pat ients were not- described. However, smoking-related
h (ari1 d(efects found by Weiss (1970) largely were at lower ,-'

fI equcuc ius. The di fferences generally were small and typ - WN..

i-al iv th e smokers were unaware of any problem with their
hearing. Al l of the subjects in the Weiss study were over 50
a nd 'eiss reported earl ier research had indlicated no smoker- 0
nonsmo9k er differences in hearing for younger men. Increased
re, pirm torv problems with smokers and the eustachian tube
onne( I i on of the middle ear with the respiratory track were
ug,4 'st ed is the probable basis of these smoking-related '..'

x t -hi - f r e quen cv audit or \ thresholds were claimed t o

Ist p 1 ;t ir lv vulnerable to smol, i I ) hv Cunn i ngha m, V i se , and
I I Howver, the diI fPr en C(.-3 found )et C e, ) oun, . -.

,'- i t ii . i n () n0 rak l , w e r c smi1 1 and did not reach
-1 11 ,) T ' I t 1n ' r t I . 1 1)7 ) fo u n ,d I i it le d if fe r ,n( c

W
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between smokers and nonsmiokers i n lwiii ., 'Ih 0,Ip

snoking a p 1) e' red t (1) le a s S a"C I d '

those subjects who haid lnot 1e)-(,n xI)Cl',d ( i v- .

n 0150. o

TinnitLis (ri n ing af the eirs w,' -Thu h (r Wh h, ( li,,!, ""C

ain d1 Nason ( 1984 ) t o h e hi gI V ItI ( re ; iI f.'d I I I -sri () k ni I t ii

w i L h sm;ino ke r s 1. ai v io n orI I e ,, i nn i t us-- thai~n toisna 'r i . I) (
smoking and he:tring I ss wet d r i c 1 It d d (It- v tI in ..1.

hearing loss were directly related, smoking ind t i,,iti , 14 : r
examined with a control for hear n 1oss5 il d i coc. it
t innitus relatosuip was found to he explained y Vie it d
relat ionn between smoking and heir iitg los .

Mlarston , St erret t , aid :-Ic[.LiInan 1( ) -(.1111 ')[ sm ke'- '"

anrd nonsmoker (aged 20 t-o 35 ) did not mm Her in th admit t III
characteristics at the plane of the t, ympanic membrtne. Sr1ok ers
scoked more than 20 cigarettes daily. I owev r , they indicat(-11 0 d'

research with older subjects with a longer history of smokin - --

sti I I miyht show effects of smoking given the results of tei . .
(1970), Zelman (1973), and other invest igators who fund more%

hearing loss in smokers than nonsmokers.

Dengerink, Trueblood, and Dengerink (1984) found tenipora ry
shifts in hearing thresholds produced by loud noise actually . .
were smal ler for smokers than for nonsmokers. In ad d it ion ,"
warm environments increased the temporary t iireshIold ,hiit ('IIt)
in nonsmokers compared Lo cold, but for smokers th re was no •
TTS difference as a result of !emperature. Df,c reased p,,r i i-
eral blood flow as a result of smoking and as a result of o d ' 0 1 " "
temperatures (for nonsmokers) appear to be reliated to these
effects on TTS. . :.

General ly, it is accepted that persons suscep~ible to TI<s •
also are susceptible to permanent threshold shifts (PTS). For ,
example variables such as iris pigmentat ion, which are relat e
to TTS , also are related to PTS (Thomas, WiI ia-s , and lIo er ' ," -
1981) As mentioned, Chun( et al. (1982) found smokers showed ,

mare permanent noise--induced hearing loss than nonsmokers whieb 1'
appears to be contrad ictory to the Dengeri ik, 'Irueblood, and
Dengerink finding that smoking protected against temporary ..

threshold shifts.

Surprisingly, no stud ies were found of the imiiied iate
effects of smoking on audit ory thresholds. Ieige r ink TrItie-

Iris pigitentat i n correlates with tiIt 1 1 ii I ,I i toil ii- S.

the st r ia vas, ul arts o1 the inn. 2r ear aind Ii l, Ii It 1) 1m i t * 1 1, - .*.. -.

t ion has been hypothesized to serve in Ii I t :, -. -
1n Urc t i (Thomas , I I ionIms . and troger 1! ).
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blood, and Denrerink (1984) confounded immediut e and long-t g rm
effects by having tbIi r smoking subjects smoke heI or-, s i rg.
(n might pre(7ct decrement imme(iat e v ft er sl)okin' bc-aiis"
of a rbon monoxide reduct ion of I he oxygen-carrying capacit \' oi 0
the blood. Lunio (1948) found the incidence of hearino loss
was high (78 percent) in workers who suffered from (nronic
Sarbon monoxide poisoning. Hearing loss was found in only 27
percent of workers exposed to CO on the job, but in whom
chronic carbon monoxide poisoning could not be verified. Even
when hearing defects were verified, the defect was small and
the patient typically was not aware of the presence of a
hearing deficiency.

The studies reviewed in this section indicate hearing
changes with smoking are real and indicate diminished capacity.
However, these decrements appear to be similar to decrements in 0
physical endurance with smoking in that they do not show up
until exposure to smoking has occurred for several years.

Conclusions and military implications -

Large contradictions exist among the results of studies
described in this chapter and probably the most compelling -

conclusion is more research is needed to resolve controversies
related to the effects of smoking on dark adaptation and final
levels of dark vision, smoker-nonsmoker differences in visual
sensitivity, and the effects of smoking on auditory acuity. ,

* The contradictions in the research on night vision and dark
adaptation are particularly baffling. Smoking significantly
improves night vision, has no effect on night vision, and
significantly degrades night vision; several "comparable"
studies exist which provide each of these three outcomes.

This author has grasped at a possible influence of smoking
on the focussing process of the eye as a way to account for • , ' .
manv of the confusing and contradictory results presented in
this chapter. It is surprising that smoking influences on
ocular accommodation have not received moro attention in the "
past and it could be that negative results were just not ,.

published. On the other hand, the lens of the eye and its
behavior are hidden and have often been neglected relative to
other visual processes. Research on smoking and ocular
accommodation should probc-blv be given high priority in
civilian and military research laboratories. If smoking or
smoking deprivation influences accommodation, it also could
have implications for pilot performance si.nce they frequently 
have problems focusing at the "infinite" distance of other .

air borne veh ic es ,

V V'% V. V %,%
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The significantly worse performance of smokers than
nonsmokers on dark adaptation tasks found in several studies is %

of a magnitude sufficient to argue for selection of nonsmokers
for missions in low illumination. However, the differences %
here also may reflect changes in accommodation for deprived % %

smokers and not changes in visual sensitivity, per se. More
research on smoker-nonsmoker differences is needed as well as
research on the immediate effects of smoking. Perhaps, studies ,

can look at both questions by including both smokers and * S
nonsmokers as subjects. 0 -e

The marked improvement of smoker visual sensitivity
following several h of abstention from smoking, which was found
by Luria and McKay (19 7 9a), is another important area needing
research since the result may be an artifact of the testing * 0
situation related to accommodation changes with smoking
deprivation. On the other hand, if temporary abstention from
smoking really can sharply improve the night vision of smokers, %
commanders should exploit this fact and ban smoking for several
h prior to night patrols. 9.

% %
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Chapter 4

Effects of smoking on vigilance, rapid
information processing and divided attention %

As was described in the previous chapter, smoking actually
has been shown to improve visual performance in some instances, r

although some consistent improvements, such as the ability to
perceive the flicker of a flickering light source at higher
frequencies, do not conspicuously relate to any military (or ." -

other) visual performance requirements. On the other hand, the .A. . -
consistent smoking- and nicotine-related improvements in %

* laboratory vigilance performance described in this chapter
should apply to soldier performance in situations where the 0
soldier must maintain high levels cf visual and auditory
attention for long periods when there is little to be seen or
heard. Of course, there is the real danger that a smoking

soldier in a "traditional" battlefield envircnment would
disrupt his own visual dark adaptation by lighting and smoking
cigarettes, or worse, give away the unit's position. Nicotine 0
gum or nicotine from some other source than burning tobacco - . -

might prove useful in maintaining soldier performance in bona
fide military vigilance tasks (e.g , West et al. 1984a).

Recent research also has shown that rapi-d processing of
information presented on CRT displays sometimes is enhanced by S
smoking or other forms of nicotine administration (e.g., Wesnes -,

and Warburton 1978, Wesnes 1985). The tasks of soldiers using
modern weapons systems increasingly fit this category of
behavior and these research efforts will receive much attention .*. -
in this chapter since they may bear directly on the operators
of such high-technology weapons systems.

Vigilance tasks and other long-term tasks

Some of the most interesting research on the effects of
tobacco smoking and nicotine on performance involves visual and S
auditory vigilance tasks where detection of relatively infre-
quent events over long periods is required. Research on
vigilance has looked at effects of exposure to tobacco smoke *.,

and also looked at exposure to nicotine and carbon monoxide
alone. As with critical flicker frequency, nicotine tends to
enhance performaice, CO decreases performance, but decrements 0
from CO (at smoking levels) usually are smaller than the
nicotine-based increments in performance (see below). This is
indicated bv the fairly frequent finding of superior vigilance P
p gr formance in, smoking conditions over nonsmoking conditions. %
1)((ras i onal ly the smoking effect has been strong enough to .

smok rs f o out perfform nonsmokers.
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In perhaps the earliest demonstration of beneficial
effects of smoking on vigilance performance, Tarriere and
Hartemann (1964) found smoking increased detections of periph- 6
eral signals in a 2.5-h task designed to simulate car driving. . % ..

The task involved one subtask of "peripheral visual surveil-
lance" and another subtask of "central guiding." Deprived %
smokers and nonsmokers showed a significant drop in the
peripheral signals detected over the time period while nonde-

prived smokers showed little change. Results for the central
guiding subtask were not reported and, presumably, did not show
decrements or at least differential decrements for the differ-
ent smoking groups. .

Heimstra, Bancroft, and DeKock (1967) also measured
sustained performance of 20 nondeprived smokers, 20 deprived S
smokers, and 20 nonsmokers in a simulated driving task that
involved 1) keeping a model car on the curving centerline of a
moving belt, 2) depressing the brake pedal as quickly as
possible when a green light changed to red, 3) detecting a ,
1.5-s deflection of a needle on a meter, and 4) depressing a
button on the steel jng wheel as quickly as possible when two 0
red lights, that simulated tail lights of a car ahead, in-
creased in brightness. The subjects were male college students
and operated this driving device for an unintei-rupted 6-h
session. The nondeprived smokers smoked normally during this
period and in fact were given two packs of cigarettes upon
entering the driving simulator. % N

Results from the study of Heimstra, Bancroft, and DeKock
(1967) indicated deprived smokers performed significantly worse e
on the tracking task and the meter-vigilance task than the
smokers and nonsmokers. The deprived smokers also were slower

on the reaction-time task and made more errors on the brake-
light-vigilance task, but these differences were not signifi-
cant. Nondeprived smokers and nonsmokers typically did not
differ on the various tasks, although nonsmokers showed a
significant decrement for the last 3 h on the meter-vigilance ,

task that did not occur either for deprived or nondeprived
smokers. Smokers were faster than deprived smokers and
nonsmokers on the task of depressing the brake pedal in
response to the change from green to red of the "traffic
light," with this difference being maintained for each of the 6
h of the task, but these differences between groups were not .

significant. All groups showed some slowing of reaction time

over the 6 h, with this difference from initial performance
level being statistically significant for nonsmokers and . - '
deprived smokers, but not for nondeprived smokers.

Ashton et al. (1972) compared nondeprived smokers and
nonsmokers on a driving simulator and found that during the

period immediate1v after smoking there were significant

A.
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diffcrcnces in reaction times to light signals between the two
groups. Sometimes the differences favored the smokers and %
sometimes the nonsmokers, bt the authors viewed all differ-
ences as probably reflecting a stimulating or alerting effect
of smoking with the longer reaction times of smokers produced
by anticipatory responses prior to stimulus appearance. During
later stages of the simulator task when smokers became deprived ,
smokers, differences between smokers and nonsmokers disap- 6

peared. This is somewhat different from results of Heimstra,
Bancroft, and DeKock (1967) and Tarriere and HarLemann (1964)
who found decrements in performance with smoking deprivation
led to significant differences from nondeprived smokers late in
the sessions. However, if the smokers really were performing .
better in earlier stages of the task than nonsmokers, as Ashton
et al. suggested, then the absence of differences at later
stages also would represent decrements in performance with
smoking deprivation. % e

In research by Frankenhaeuser et al. (1971), deprived
smokers showed significant increases in simple visual reaction .
time over an 80-min task, while smokers who smoked three • A .

cigarettes during this period showed no decrement in perform-
ance. Myrsten et al. (1972) replicated this result for simple
reaction time and also found nearly identical results for
choice reaction time. Simple reaction times significantly
increased during the sessi,,n in the nonsmoking condition,
whereas they remained constant in the smoking condition. In
the nonsmoking condition, choice reaction times increased over
the course of the session, whereas choice reaction times
significantly decreased in the smoking condition. Nonsmokers -1
were not compared to smokers in either of these studies. %

Frankenhaeuser et al. and Myrsten Pt al. showed nearly
identical reaction ti'es for smokers and deprived smokers early
in the session, with the deprived smokers' performance gradu-
ally deviating from that of the smokers as the session went
on. These results raise a question about the results for ...-..

deprived smokers in the study of Heimstra, Bancroft, and
DeKock. The poor performance they found for deprived smokers
compared to smokers was at or near a maximum after the first 70
min, despite that deprivation did not begin prior to the 6-h
simulated driving session. It appears group differences may
have existed despite random assignment in their study. Another
possibility is that the deprived smokers were less motivated to
perform on the various driving tasks from the outset of the 6-h .

session, perhaps as a result of being unhappy about being
assigned to this group. Still another possible explanation of
the results of these studies, with their lack of double-blind
or even single-blind controls, is some smokers may have been

56
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consciously or unconsciously motivated to make performance
while smoking look better than performance while not s;mokingu.

Wesnes and Warburton (1978) reported a series of studies
on vigilance (and rapid information processing) that ]) looked
at the effects of smoking cigarettes with different levels of
nicotine; 2) compared smokers with nonsmokers; 3) exanined
smoking effects on both auditory and visual vigilance tasks;
and 4) compared the effects of different levels of nicotine
when the nicotine was administered via tablets dissolved in the • 0
mouth. The visual vigilance task was to detect brief pauses in

an otherwise continuous movement of a clock hand. In the
auditory vigilance task, subjects were required to detect from
a long series of bursts of static the small proportion of .. ..-- ,
bursts which also included a faint tone. The durations of
these auditory and visual tasks were 80 min for each. Smokers S
outperformed deprived smokers and nonsmokers during the later
stages of these tasks (nonsmokers were included only in the
visual vigilance task). Smokers smoking nicotine cigarettes %

also outperformed smokers smoking nonnicotine cigarettes and
this showed it was nicotine, and not some other aspect of

tobacco smoke, causing the improved performance. Both visual ,-..
and auditory vigilance tasks showed similar effects of smoking.
Smoking effects were duplicated largely by administration of
tablets containing nicotine including higher performance by
subjects with larger swallowed nicotine doses. , .',

Wesnes and Warburton reported that nonsmokers did not show
expected improvements in performance on a visual vigilance task - ".
when given nicotine tablets, although light smokers and heavy

smokers lid benefit from nicotine tablets. They discuss this
as possibly being the r-esult of adverse effects of the nicotine
tablets on nonsmokers that disrupted their attention. They
also make the remarkable statement that the double-blind nature ,.. . .o
of the experiment prevented them from relating such adverse
reactions to treatment condition. One wonders how they related
detection data to the treatment. Interestingly, Wesnes and
Warburton apparently did not find any adverse effects of
nicotine tablets of the same dosage on nonsmokers in their

research on Stroop performance (described below).
. . .-.

Although the methods are described only briefly in Wesnes
and Warburton, what appears to be largely a replication of that
visual-vigilance-nicotine-tablet study with heavy smokers,

light smokers, and nonsmokers was reported by Wesnes, Warbur-
ton, and Matz (1983). For all three groups in this later

experiment, nicotine administered 20, 40, and 60 min into the
experiment reduced the decrement in detection of the interrup-
tions of movement of the clock hand over the duration of the
experiment. One mg of nicotine per tablet was uiore effective
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than the 2 mg-condi Lion and t h is maiv have been because som- ,
subjects experienced adverse eff ecLs from a cumulat , [e ulose o 
6 nig of ni.cot ine over a 45-rin per io i 

,langan ( 1982 ) found smoking improv(,d vigilance in an
auditorv task which requi r(,d subjects to detect when tonies were -
,sI i o ht I %, I .)u d er ( 6 ' lb I thain u sualI (600 d h). A I ow-n icotine ( .7%

rg) c i garet e was smoked by one group and ai i d d I e - n i c o t i n Cee P

ci g a ret L ( 1 .3 ! ag) was smoked by the remain i n:. sub j )rt s in the
smoking conditon . Each sub J ect also perf orrmed the task
without smokin o with the two so sions separated by week.:.._
Subjects smoking the low-nicotine cigarette before the task had -.

more detections than the group smoking the middle-nicotine s.,--

cigarette or the entire group when they did not smoke (for more
than 2 h prior to testing). Subjects smoking the middle- 0 •
nicotine cigarette had fewer false positive responses than the
group smoking the low-nicotine cigarette or the entire group
when not smoking. In summary, the effect of cigarette smoking,

though mixed, was to improve vigilance for both nicotine

conditions over the nonsmoking condition.
* S]

It is not clear why smoking had these differential effects ,.-4le e_.r
depending on dose of nicotine in this study of Mangan. Regret- .
tabLv, data from the two groups during the no-smoking condition
were not summarized separately, since the groups may have had
initial differences in performance on the task despite random %
assignment of subjects to the groups who received different - 0

doses, and this might have helped to explain the "dose-depen-

dent" effects. Nonsmokers were not included in this study.

Waller and Levander (1980) made frequent repeated measures
of Critical Flicker Frequency (CFF) over a 50-ruin period which
led to a lower CFF on successive trials. These changes looked * S

very much like the performance decrements found in vigilance
experiments. However, three puffs on a cigarette prior to each . . % -.

trial not only prevented the drop in CFF, but actually led to a

sharp increase in CFF, followed by maintenance of CFF perform-
ance at a high level as long as smoking preceded trials. This
elimination of normal decrements in CFF performance by smoking 0

appears to correspond to the similar preservation of perform-
ance reported in traditional vigilance tasks and the digit-
sequence-identification tasks that are described later in this
chapter, and is actually discussed by Waller and Levander as
another instance of improved vigilance as a result of smokin,, ..- ,.'
These results are much more difficult to explain by low
motivation or by negative affect from nicotine deprivation, .
since it is not probable that this computerized forced-choice
test of sensory function would be influenced by motivation or
ne at ive emotions, even as the test. was not shown t o be

inf 1 uenced by training ( ailer and Levander 1980). Although .-

p p i c h'n_! g, es w i t h smo k i n we r e d i sc o un t ed b Wa I e r a n d •
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Levander the\, st i l may he a factor medialt i n < thi s ef ect a
was described in an earlier reference to tis st.udy in Chapter 
3: "Effects of smoking on perceptual processes."

R e suI ts o f stLud(Iiesf- o f t he e ff ec ts o n v ig(,i lance of CO-
administration producing COilb levels in the smoking rangle % NO
tvpicafl v have shown no effect on performance (Davies et u l.
1981 ) , or . in a few cases, small decrements in performance
compared to performance with normal COlib levels (Laties and
Mrigan 1979). Improved performance with tobacco smoking when
it is found, thus occurs despite the higher COlb levels of-
nondeprived smokers over deprived smokers and over nonsmokers.

Rapid information processing tasks

Wesnes and Warburton (1978) also studied performance on
another "vigilance" task which involved processing of rapidly %
presented visual information. This task required detection of
sequences of three successive even or three successive odd
digits in a stream of digits presented at a rate of one every
.6 s. This task was even more sensitive to smoking than the -" "
clock test or the auditory vigilance task. Cigarettes with .
nicotine enhanced detection of these odd and even sequences
relative to performance following smoking of cigarettes with
low levels of nicotine or no nicotine. Unfortunately, nonsmok-
ers were not compared to smokers on this task.

Taylor and Blezard (1979) found nonsmokers consistently

outperformed deprived smokers on a task similar to the task of
Wesnes and Warburton that required detection of sequences of
three successive even or three successive odd digits in a
stream of digits presented one every .7 s. Performance was
measured as h - ..... over the 90 min. Smokers smoked a

cigarette just before the task. First "epoch" scores did not
differ between these smokers who had just smoked and the
nonsmokers. However, over the course of the 50-min task,
significantly reduced performance occurred for the smokers %
compared to the performance of nonsmokers. Half of the
subjects had their urine acidified, which speeds the secretion
of nicotine from the body, and half had their urine made alka-
line, which retards the secretion of nicotine (Beckett, Row-
land, and Triggs 1965). Those subjects with acidic urine would
thus be expected to suffer more nicotine deprivation and their
performance was, indeed, significantly worse than the perform- * 0
ance of those with alkaline urine. Unpleasant nicotine with- 4"'V
drawal effects experienced while performing during later stages .:.
of the 50-rin task appear to be the key to these changes in
performance over time for smokers relative to nonsmokers. % *

V 10
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In another study where Wesnes and Warburton (1983) used
the three consecutive odd or even digit detection task, they
found smoking a high nicotine cigarette increased the hit rate
relative to lower nicotine cigarettes. Reaction time for
detecting these hits showed an absolute decrease for the high
nicotine cigarette (1.65 mg nicotine) relative to the lower
nicotine cigarette conditions (.28 mg and .7 mg). A second
experiment found similar hit rate/reaction time results for two
cigarettes with nicotine (.6 mg and 1.8 mg) compared to a
nonnicotine smoking condition and a no smoking condition. - -
There was no difference in performance as a result of smoking -'

the two nicotine cigarettes despite their similar nicotine
levels to the cigarettes that did produce differences in the
first of the experiments. Although nonsmokers were not
included in this research, the authors argue that the smoking

advantages do not just reflect improvement over a "below par" X.A0
deprived state of the heavy smoker subjects (all subjects
smoked more than 15 cigarettes daily). They based this
argument on the research where nicotine tablets prevented the
decline in performance of nonsmokers that occurred without the

tablets. This included the visual vigilance task described
earlier (Wesnes and Warburton 1978) and another earlier .-.
experiment (Wesnes' unpublished Ph.D. thesis) using the same
odd or even digit-sequence-identification task.

, .,... ',%

Wesnes and Warburton (1984) again used tfie three consecu-
tive odd or even digit detection task and found smoking of two
high nicotine cigarettes (1.7 and 1.5 mg nicotine) increased
the hit rate relative to lower nicotine cigarettes (.9 mg and
1.3 mg) and also relative to a no-smoking condition. Gains in
hit rate occurred for smoking of all four cigarettes during the
first 10 min after smoking. This was followed by a slight drop
in hit rate for subjects smoking the higher nicotine cigarettes
and a larger drop in hits following smoking of the lower -
nicotine cigarettes and in the no smoking condition. Reaction
time was significantly faster than for the presmoking baseline -
condition for the three higher nicotine cigarettes, but showed
a slowing from baseline with the .9 mg cigarette condition and -
the no smoking condition. As with hit rate, the largest
improvement in reaction times occurred for the first 10 min
following smoking with a slight slowing of reaction time --

performance for the second 10 min following smoking.

Edwards and Wesnes (1982) replicated the Wesnes and
Warburton (1978) results favoring smokers over deprived smokers
on the task involving detection of odd or even digit triads
with another 18 subjects who also were habitual smokers.
Cortical evoked potentials also were measured and the latency
of the "P300" component of this averaged waveform was found to
be shorter for smokers than for deprived smok rs. Edwards and
Wesnes claim their evoked potential result "implies that the

- -V601
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effects of smoking are not simply confined to improved regula-

tion of sensory input, and provides support for the common N
self-report by smokers that smoking helps them concentrate."
These results were in a brief iesearch abstract which gave few 0

methodological details.

Edwards et al. (1985) do not refer to the Edwards and
Wesnes (1982) abstract, but it is probable that this is an
expanded report of the study described in the 1982 abstract.
Nineteen subjects provided data for reaction time, hit proba- 0 6
bility, and error data. However, only 12 of these subjects
provided complete data on the cortical evoked potentials.
Significant speeding of the "P300" component of the evoked
potential occurred, but only for the first 10 min following
smoking and only for the high nicotine cigarette (1.5 mg --

nicotine). Results for hit probability and reaction time were 0 S
very similar to those reported in earlier studies with improved -
hit probabilities for the .9-mg and 1.5-mg nicotine cigarettes - %

compared to the no smoking condition and with faster reaction
times for the 1.5-mg nicotine cigarette condition compared to , . >A.

performance prior to smoking.

Edwards et al. found only a small. and nonsignificant %
correlation (r=.23) between latency of the manual response %
(reaction time) and latency of the P300 component of the
averaged evoked potential. This small correlation is claimed -

to be a predicted result due to the fact That their instruc-
tions emphasized both speed and accuracy during responding to 5
the digit triads. However, such a prediction of a small
correlation is like a prediction of only a small amount of
pregnancy and contradicts their more critical predictions that
both response latencies would be speeded by the nicotine
treatments in direct proportion to nicotine dose. These two
predictions logically imply a positive correlation between the 0
two response measures and the failure to find a significant
correlation probably is because of the minimal effect of '•-

smoking on the P300 component of the evoked potential.

Wesnes (1985) provided a preliminary report on a large
series of further experiments that looked at the effect of
nicotine on performance in vigi lance and rapid information " .
processing tasks. This series of studies showed smoking not
only sharply reduced decrements in performance over time that . .
appeared without smoking, but in some experiments smoking .
actually improved performance above presmoking levels. -

* 0

1 H owever, this could b e onsi dered just am) impr v ment of v."t "%t%"

smokers whose perf ormance is degraded due t 0 smok ing depr i va
t i on - i n ce t h tvp i ci a 1) roC d u r e f o r V 'e s 11(1s e x p e r i tim t s i o
have sub ject s ref ra i n fr(in smoking vr n g h .11 i

AP N." . %o" % ",,%.
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In some of these three-odd-digit- or three-even-digit-identifi-
cation tasks, smoking was allowed during the task (with brief
breaks provided in the tasks for lighting and puffing of ..-.

cigarettes). During the smoking period, performance was I S

significantly higher than during conditions without smoking.
Both detection probability and reaction time showed parallel
improvements. When performance was analyzed min by min, the
smoking improvement shows up in the very first min of smoking.
However, this fine temporal analysis of the data showed
performance during this period of smoking was restored only to I S
the performance level that occurred during the first min of
performance on the task. Smoking did not actually improve
performance above these initial levels.

Most of Wesnes' (1985) previously unreported studies using
the digit-sequence-identification task used heavy smokers who

smoked cigarettes with at least moderate levels of nicotine.
When smokers were used as subjects who normally smoked low- % %
nicotine cigarettes, it was found that decrements in perform- -
ance over time on the task in nonsmoking conditions were much .- -

smaller than for smokers who regularly smoked cigarettes with -
higher levels of nicotine. Wesnes (1985) interprets this as 0
reflecting differences between the two types of smokers with . -- '
the low-nicotine group not needing as much nicotine to maintain ,4

performance. However, another explanation is that low-nicotine .. ,,
cigarette smokers experience fewer interfering withdrawal

symptoms following time on the task without smoking. It is
unfortunate that groups of. nonsmokers were not included more 0
often in these studies to help clarify whether or not decre-
ments were a result of withdrawal from smoking and whether or
not improvements observed with smoking were primarily related
to the elimination of such smoking-withdrawal effects.

Tong et al. (1977) compared three separate groups of
nondeprived smokers, deprived smokers, and nonsmokers on n-
auditorv "vigilance" task where subjects were to respond when
thev heard three odd digits in a row. One digit was presented
per s for 12 min. This 12-min series was repeated five times
with a 2-min rest between 12-min blocks. Tongetal. found

nonsmokers outperformed deprived smokers who, in turn, tended •
to outperform smokers who smoked prior to the task. The
nondeprived smokers did improvP over blocks, but still per-
formed significantly worse than nonsmokers on every block.
These results for smokers are contrary to many of the studies
showing higher performance for nondeprived smokers. Tong et .- --

al , account for the improvement of the nondeprived smoket shy 
suggest ing that, due to state-specific learning effects, e e',,.

smoking during the training period (of the nondeprived smoker
group) may have caused the poorer performance in BIock I for 
smo)ke r whren t hey c ou I d not smoke. However , per t ormancC was n o
bet ter iit Blo ck 2 thin in Block I for thi; grou r tp it nd the 1 2 -I i n "

7.,_ 7~~..............................-.................-, .. -..... ..-... .,.-".-,
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I , Ik w .t . d I h, I v ) ro i d I, d ' ve ,i r I I Ii 11 in o r t i 1 I> I I k

1.1d('F onild i t i (r) % i t io i t siTmok i n 1 I n i ii1ii 1i 1 ro; 0 k rV-f" . %o
r ec i (I, d in t I I I r -iti i ) r act i ( e t r I I I nd o r io - :w i o k I- ,

Iond i t i ()ns. •

Tb I presence ol rests betwc, en hl o( k> of st i[il! i i ri -e
fon g (t a I. ( 1977) st udy % maV b I th o ke ' t o t hei r Iitj I or , i. , ,.
f ind smoking to ,n i e srtC ok 0 e r.r1)er eri ;tinc , ov ' t h e t)(,rlo, ra,, n- %
of depri v(d smoker s an d nons mokers. I(, v r port d thtitt t h --- 
min ru s t b (,tween 12-mi n blocks • . • was inserted since several -
s ub ject s i n a pi 1o t s t u d v found t I c on t i n It oi us t a sk t o o
dem an(ltn, and termin nat ed testin .'' Smok in' r-diuces 1 ... r(9eSLi Vi'-

,• 0 "' . , 

iie s s ( C e r ,k I9 I ) and g ae n a I I v appc ars to be a ca mer of the
e rot i ois (G ert 1 979)• Firank nh;i'usecr at al. ( 1971 ) andr
'I-vrst(n et a f (1972) tound subject ive rating.- of "bored)'

irritatI d , --- nd concent rat (ii," indic ated the smok in condi- 0 0
t ion ". . tended to counteract the disagreeable feelings , s
i ni Iuced by the experiment ." Smoking particularly ma ' fac i i.-
tata pc'rformIianrce when a task is unpleasant due to difficulty, 
long durat ion , or other reasons Making conditions easi er by
providing rest periods, as was done by Tong et al., may have,
reduced t he smoker advantage t hat f requentI v has been found in n 0
vigilance and rapid information processing studies (Wesnes and
,a r b u r t on 1978) -,

Stroop Test performance and performance '
oi ot hier d i vi ded attention ta ks S k

In thio Stroop Co I or Word Test (Stroop 1935 ) words a re
d isp I a ed in color and the task is to n ame this color as %"
quickly as possible. These color-naming responses show ' .
substant ial delavs (and namers often show substantial emotion) ,'.. .- ,i
whrn the word is a color name incongruent to the color in which 0 0
it appears (eg. , thie worid red in blue ink--t Ie correct %
response is "bIue ). St roop interference is not easiyx-
(vercome b pra( t ice or other means (Dver 1973). Itowev I, %I',snes and \arbu rt on ( 1978) found n i cot ine admi nistered by
tabl(t re dlce d interference or) the Stroop Color Word Test in
1)oth smokers and nonsmokers. This result is noteworthy and 0 d
would seei to indicate a strong facilitation of selective
aLt tent ion by nicotine .

Ilowever. nicotine tablets did not reduce Stroop interfr-

once in a later study of nonsmokers by hesnes arid Revel (1984)
in wi h tire Stroop test wss admiiistl rcd only a single t ime to 
siit )'c ts kesnes and v(l I ( I9S4) ru'x aminId the ('all ir

t o < d II a() in I I d at a of 'i's n as a i d -iirbtw rton (197S) anb ft .-.n

I t) It i 11 t a.as i , oan I ,,'1 n sat aI L In "o .' ucu i v 1 n a d-. m -')

" *I o T t1 ', t t ' I . i ( 1l ' I ri, c' I' if -i -i' "

t , If t ' ri ' ( , I i rr( rit t . 'I ie1V ()t Ir I il t ie I hf e i 1 4, t) I~
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It e 1 a t on ii I ,-slO k er- I nt 1 bO)~ o1 oSt t

*r- o a o V m I ei~ ii, I h( vt t r hi~ I 1( cl (I t ()I lii I o I n le Is
I II I O~ t i t igu c- hiise(,I I eu r(,een t s esu I i i og, from ext tn de (

1 1 t I n . t itI i I i I I t I i) qol ( St r to tt f o 11 11 d 1 v n~ 511(s

(Ii t S a%, 1) 11 1t 1 t Ii 11 Wt f) II I 1 1) e an 1 h tc r (':, Il 1) 1 f n)F v i c o t i n e
user; in Vi I n0 ( E 1) 'o r 11i1 1nC.

I x I t e , I , a n' r "Ill d I- g r e o 1 1/7 7 ) I u nd U Uep r i ( il sm1o k e s
d 1 I ) I() I '; T (o TI I p111, r( Vi(' i t a; 1 ( 1 a li 11 i ; t I 0 n of

t , :t r- p lYest as nonde(prived sm okers. The test i it ia1 Iv was
a d nI I l t f o hot h g roi ps d ur i ng a p e ri o fi 0 s1 mok i T F he . -.

;I, n d dminist rat ion was d, ring a period of abst inenc f 
tor t h- -

depr i vd ronup and smoking for- tht, smoking group. Al though t he
>lvr tn o clgerot , aid dg Ieln findilii (lid not (Iuil, aui 'c Ii-'-.'-e

, , t t i a I s i gn i f c a nc e , th i s a d v an t a ge f o r smoker-s over --

d,pri ved smokers tends to (or-oborat e the finding ot Iesnes anl -(
W\ir1urnt nn ( 1978) of improved Stroop performance following ..g-.
administrat ion of nicotine tabIets. [n light of the Wesnes and
Revel (1 984) discussion of nicotine as a reducer of Stroop-
test "fat igue " it is probably no coincidence that it was also
the second Stroop Test administration by Myrsten, Elgerot, and - J
Edgren that showed the nearly significant difference between

nondepri ved smokers and deprived smokers. i

Soter (1981) did not find smoking to improve performance %
0? 1 r (0omp e x modi fied St roop task in which three "colors" ''%
a)ppare c, n each slide (word denoting a color, "ink" color, and
hat fgrtiund color) and where the task was to name the complemen- , ..

;Iarv co lor of each of these three. Thi s prot. racted task is
much di t t erent from the more typical Stroop procedure used b -.

W esnes and Wtir burton (1978). No contradiction appears to exist 7..
hetwecn t he t wo results.

Th effe t s of (list racting stimuli on performance also'
wire des( ribed by Knott (19 7 8a, 1978b). Medium intensity noise

ac used a smal I , hut sign ificant increase in simple reaction
- time to ai visual stimulus for deprived smokers, whereas

nondeprived smokers showed no difference between the noise and
no-noise conditions. In a no-noise condition, the smokers and
deprived smokers (lid not differ. Unfortunately, nonsmokers 0
were not included in this research to determine whether or not
the noise would reduce their performance as well as the
performan(e of deprived smokers who may have been particula rly
prone to distraction because of unpleasant withdrawal symp-
os However , like the St roop results, these results suggest

sitaokin" assists peip c in se ect ive attendin to sti mli op,
I n se I e veI y atfend ing to sLimuI i

Agin, th f ffect may be more related to preserva, ion of ..
c elc t iv at teit ion in tasks of longer duration than to ain

*h- o lut o improvment oI -selective attention (Wesnes and Revel I

64 %
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However, FCt- t1 'fl ud It
evoked potentials tol I, ,i fio : i-. ii', ii - ,l evjk u.%-
potentials followin , smoki i - p it i it'. tIi

suggests following sm)oking I i Ali tI S o ciuld.
3(CC ( not fuOr Lt- f f e C t S 0 f I I,) ii o !II

reported by Knott (L197 a, t9/ 7Hb). 1t) ,) C. i ( ip erl bl ,, -
h ow from smoking (Den<,eri tl , 1r 'l m1id I) t':Irin'k 1)54
may contribute to th, aud Iit .e\''I Ii C(I po t:! ] m hinoos .

Incidental learning is anothr way of eamiing divisi
ot attention. Andersson and Hiockev ( 1977) found incidentui \.
learning was less for smokers who smoked a single cigarette
before an immediate memory task t han for another group of ,PCf
smokers in a nonsmoking condition. The primary task was to
remember eight words presented in sequence. The incidental
learning was the position on one of foul corners of the scre(.,n
where the word to be memoriz.ed was presented. They claji this
in d icate d greate!- a t t en t i on a s c 1 e c t i v it d u r i n g smoking whi - .r

was related to the increased arouisal prodaced by the nicotine. .
A similar explanation may apply to the reduced Stroop interf r-
en ce found I)y Wesnes and Warhurton (1978) in the last half ' .
their Stroop task •

Peele and Peeke (198'4 looked at the effects of smokin gword learning when subjects were not informed they would be * ..

asked to recall words. The announced task was wotd classi i- I .-
tion and the init dental learning task was tIeasired bv I It e
recall otI the words. Srmroking had on I a mar i!Iaiv, sj gni .i
effect on the i n ci d en t a I t ask b it (iont t r a t o nAnd e rs son an d"
Hockey, tIhis ma r g i n a L e f t e tc t o i u k i in wa a s I i n c r c as E i t i- c
d en t a I 1 a r n i n T. Ih e f f e ct a p p c a red I o t h os e wo r 6 s t i -
produced "no" responses on the (I ass i ficat ion task loth liI %h%

and low-nicotine aiarette c aus (d higher dI, i in hr I ub je(
of "no" response words C]mp r e t the no( sITIA.imi (I it Io1. 0. -*1.1-.'

leigh, long, an d ( ampin ) 1 1977) it i i ' ti uffects o,
1110 k i n ( and ( r i i n k i n ) on t lit 1 1 i vt t o I Id at tent i it'

different auditory information )rIs(nt ed to dif ferent ear .-
The v f o tin d sm o k i n o f t,,.,! o I i n i co t i ie ( i t tti i1 a --

mrin period before th( task S i li alt r Lan titoted the
ability to count the number of I i( ks 1)res i ed t o the I i t
ear during a 3--s 1)iur t of noise prescntf, to the left er .
his f- i i tat ion wa 4 - e I a t j %, c t ontj I w I ,h (, re no Ok '

o c c u r r e d S m (J k i i f ii I t t t t i i;I t t a ai d-"i"- r e

d i f f i c 1 t d iV Id ,d , tt i t ,t ' i l) 1 t Is k 11 , i I kt -t I 1 - ' 1 •
w t e1 1 o u i t ( e i a Tll L .I I ' ti - t I ei 1 i f t ( ) I t ( iti V -. , I ./, - j

%." .-thp 3-s noo ther iiu i- . . f id ! i I i t t

f irst seI n,, , , hid > i ,, ii it ti i t, o 1. • , .. .. .~ ~. J , ...

I* 0
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e ef fec t onl perf o rmancef was ge,(neral lI pI% i o o h at of

smok ing.- .. % P

W e snecs ( 1h3 ip or t- el a rcent e I 2x peIrim en t nflv oIn tWo
d d't -s equience,-i dent I ficat ion t a 1ks which occurred si m uI-
taneousl y wit h one i nvol ving v isualI presentation of d ig it s a n d fA

anot her auditorv prosent at ion o f d igoits. One hand was usedi t o .

rep rt ud tor " - -i e , a d t he( )t I( to r ep o rt v is ualI
''a ts' rok i Tig h)ad the e ffeIct o f imp)r o v ing per-r fo rmIla n ce o n

hot h t asks.

In sum imar v,zsmoking appeair. sg c i oipoe per form-
- aEllic e i If t hes di0(1 v i1( e - a .t en t i on t a s k s if , an d when, th ey a rfe

of s ub)s tan t alI duration. 1o we v er , improvement in se]loct] v e
attention does not- seem to be the specific mechanism since

divis ion o f a t t e n t i o n a I so i s f a c i I i t at ed , pa rt ic ulia r y if
instructions specifically include doing two things at once.

Con Ins ionis and military implications

Smioking does appear to improve performance of habi'tal
smokers on a variety o f protracted tasks, including simple
reaction time, detect ion of infrequent visual and auditory s-

events,:, detection of complex sequences of digits, reaction
% ~times, for such detect ions, and tasks involving divided att eri -

ion aind response conflict. Ni cot ine admi ni stered by tabl e t
rven has been shown to prevent- dec Ii nes i n performance o)f
nonsmokers on some of these tasks. However, there are, resul ts %
f rom some l aborat ori es that do not show this better per formance
of nondeprived smokers over deprived smokers or (in a few
cases1) nonsmokers. VWhat is more , t he failuore of h esnes (93
t o s ee dIi ffe rIn c es i smoki n ow hI raw s m pt o ms a s te

ov io us e x pIa n a t ion o f d iffe r en c es ini pcrf or ma n ce b)e tween IS
d ep r ived heavy smokers and (leopti ved I 1, ht smokerT-s makes onef(
w o r r v aj b out expe1,r i m ent er- bia scs i n someII o f t he( r esea r ch slIfo Wi np.
n i(o t in o an If s m o k ing bhe neits.

I Ii tarv tasks such as manni ng a i st eni ng post fI- rq ifcenft l v
i n volIve waiting for infrequent v is ua a fn d au d it or y ev e n ts The
sofl) di eor whIfo s mo k es o n wa t c h i n c ombn)a t probablyv wi I b )e q uic(-k I v-

ov e r come by v vun ts. Hlowever , gi ven the results of re(s e arch 11
on t he e ffIect s o f smIiok ingo a ndI n ico t ineI on labhor at ory v%-i s ua I.-

aisiklan , sks hte sol Id ier, who usedl a nonburn ing sorot0
An rco t in If vI r v likely wou 1 d be more- a Pt t oI doet orc t the, on mv ()

d(cI e it 1 h (2 n e my Io o a( i c k I %, t h anr h i s n! i I 'no a l v d0
Th'j 'aw r)Thi Iw d 1)i[h,1part c (;j Iar Iv t ru if ho ( r k, I a

Sm) r , ~ r i v do i e I a ll.II w , 'v Icr , 1; 1 or o d m I IfI t H I 0 i f L,

if -' rn f I I
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soldiers in simulated combat settings. Both smokers and . ,
nonsmokers should be included in this research. Control groups
using placebo gum or placebo sprays are needed in double-blind _ ?

research paradigms to prevent any possibility of conscious or 0
unconscious biases related to tobacco use of subjects and . .,

experimenters from influencing results.

The rapid information processing tasks of operators of
Army systems like Patriot and Aquila are not all that diffeieit"
from the laboratory tasks in which performance typically is 3
facilitated by smoking, especially for nondeprived heavy
smokers compared to their deprived counterparts. Research on .--
iask performance of actual Army weapon system operators such as
Pat rice operators needs to be conducted where nonsmokers are
omparcd to smokers and where deprived smokers are compared to

smc not deprived of nicotine. Again double-blind paradigms 3
,sH' oii, toe i tiblets or aerosols are preferable to the more .

. ii t-xp.riments where smokers have little doubt they are
. .r not receiving a dose of nicotine.

•.,. . . ,. ,
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Effects of- smokin, on cogni Ive pro esses I S

Learning, memory, prob em sol ving, and t ime ( t i m;t ion are
all critical for effective performance bv mi I it ary as well as .sws

civilian personnel. The same quest ions raise d relat iv. to
physical performance and to percept ion arise for these ( ogni-
tive processes. Do smokers differ in t he i r rapar i I v f or t he -
activities from nonsmokers? W'hat are the immediate effect of
smoking on these activities for smokers? ,hat is the effect o n
these processes when habit ual smokers are depri ed of t ohacco
Unfortunately, only a small amount of research is avai Ia l hIe oii.--

the effect of smoking on these cognit i v, processes and ot I en
the research that exists does not deal with the speci fic t' vpes
of learning, memory, and problem-solving tasks faced by the
soldier and his leaders. However, this chapter will review
current research and, where possible, relate these results to ,
military tasks.

Learning and memory ..

Carbon monoxide effects: A-lthough much literature exists on
human performance and animal performance under conditions where"
CO-air mixtures were inhaled and carboxyhemoglobin (COII )
reduced the oxygen-carrying capacity of the blood, no studies .

were found that looked at the effects of CO on human learning
and none were reported in a recent review (Laties and Merigan
1979). Unlike for the areas of sensory perception and physical
performance, there is thus no baseline data for the effects on ,-'
learning of this key active component of cigarette smoke.

Presumably, exposure to high levels of CO would interfere with %
learning once high levels of COHb were attained. However,
increased cerebral blood flow immediately following smoking
(e.g., Kuhn 1967) could reduce or even reverse detrimental ^.-
effects of the low COHb concentrations produced by smoking. %,%

Nicotine effects on learning: There is considerable literature
on the effect on learning of this highly active component of-
cigarette smoke and nicotine in small doses has frequently heen %
found to have a facilitating effect on learning in rats (e ,
Battig 1970, Bovet-Nitti 1966). Injections of nicotine after
the learning trials also have been shown to improve ma/e-
learning and this suggests nicotine facilitates t he consol idac-
tion of memory as well as improving initial form t ion of memo i e .

traces (Carg 1969) Hfowever eleming and B roadliurst ( l)7) ) ,
found no effect of ni (: ot i n e o n t wo - w a v a v o i d n c oc n d i t i o 11 n II

in rats and also dis-ussed s verIl ot 1r instances w re 1 ( r
nicot ino fai led to promot le arn n nig ojr memorv on ,(I i JIt ion .
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]o w ,e r v' e ii ni C o t i 11 1 i w Iv S I rlp)r o v d a n im l Iear 1n g..a ,' ,
i~~~~~ n~. m iI-a

<in iil]] resua rc h p) OV (i dc" ill(om.pI(,t-( anI d ofteUn uinsatis a t y,,. . -

}fliers;I~lt i on a bo t th fi f -f fec t s o f n i t i no, (n h ura n Iea rn ing- 0 0
lne ,ason is th(, (lit ICer e 1)1 f or ms an(Id do.i a 4 .- i n %w-h ichI n icuo t in e ,'.

is a d m in ist e r d I o an im alIs c:o mp a r (d t o theC- w; Iv i t i s o b ta in cd .. '

troe (Ii Ifferenc es that exi st between human and animal I earn ing o-; ,,'.
kr o c e ss s ven sim,,plIe human Ilea r n ing i nv olIves strategies a nd,.'-"-.,

tact- i( -,- that a re n ot a va i I ab11e t- o I nb)o ra t o ry v n maI s.

.1 ,.

I m -iEd iat I - E.f fects of s tio k in (o on Ilea rn ingo a nd me riory v %1e moC)r -%.''-"" .,
pan refers t o t h1 a r, est num)er of rap 1 I v p re C sVn t eC!d i " t

i n r a 1b r cpe t ed correcty i ) m p d i at e If af ter atresent at i on. -..-

n a n ea r I S t Ud o f a f C t a r n i a(nt efml o ry ah s a I un ction o f

MO ai n llu I h (1924) sho e ren2d smo ki n i m ( do( iate I y reduced memory n.

span for a series of i its for both smokers and nonsmokers.
Although st atistica ly significant, the d hfference amounted to
on 1 a fraction of a digit for each oroup. Hull also found %

soinr d to have an immediate detrimental effect on learning of m.: 1.,m..

associations between geometric fiures and nonsense syllables. -

This di fference isappeared on subsequent tests laterein the •
h our f oIow1i n smsohk isn imdtl

In the extensive series of experiments ba Hull subjects

Were blindfolded and either smoked a lighted pipe of tobacco to
ork in the control condition, inhaled electrically heated air

through the pipe. Fol lowing this, the blindfold was removed •
and testing bean. Both smokers and nonsmokers were exposed to
hoth "smoking" conditions and Hull claimed the subjects did not N
know when the were smoking a pipe with real tobacco or simpfoy llow.Zn smo

ain thetenie ePresumably, this eliminated effects e '. em -
edociated with expectations subjects may have had related tobac

o ac ni ti or detrimental effects of smokinc. l t reflected a
huch tore -ophisticated sine-bIind approa ch to smoking moved.-

rsearch tihan pre ed in efforts and also many later efforts. .
towthro, it seems to this ex-sm oker that subjects with smoking

experience ,joul.d not be f ooled by heated air sucked through the '"' " . ,,
pkno uhless they did not inhale the heated air or the smoke p

(which would greatly reduce any ingestion of nicotine or carbon
monoxide into th on subjecte smoke ondition) to.

faj (l without smoking experience would be even more apt to " %, _
notice when smoke or heated air entered the lungs given the th-%e,1

t vpi n lteron react ion to inhaled tobacco smoe by nonsmokers.
ll I ' rosul tes may e i nd insications of n ects o carbonf. 0

smoki no and not smoking, but they probably are not devoid of 0 0
-ffects of subject's expectations about tobacco effects,

dospite "test imonials" by some subjects to the lack of differ-
once between the smoking and control conditions. flul's I, I -
I om1Tpari sons of smokers and nonsmokers are not sub Ject to this

critlc ism, only his claims for the immediate effects of smoking %%
on each of these groups. His heated-ai.r condition should 0 0
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probuil v he uoisi dlrc(l i s ;I h~ -s'Iokin ond i t if' 5411ch Whe

.ini j t t s puff on i n mirl i htrd 'ret e (oill lass r I) s i,
,)ntr0! for StM Oki'I C on lition.

a il a1s, I i k' Hlull, looked at the e ffect of srmok ing off
im mediute memory For Ai. i t strings. Performa nce was tested as %

funf(.t ion of t he nlt( ( in' content of c igaret tes smoked prior
to th memor.... t sk Cigarr, ttes with . 6 mg 1.3 mg, and 1.8 mg
(f ni, t i n, were, smoked on I i f f eren t d u sing a re)eated-
measures deOin fn one i an niighted cigarette was puffed

ri or t the a e ro1 v tas k Six s t r ing s ot nine io its ,'e r e
prese oe aud itori lv with one digit presented each s. A signal

nd icated when all nine dig-its were presented and subjects were - -

given II s to record them in their correct order. Like [lull,
,,ho f ound an inmmed iate decrenen in memory-s pan following
smokin , Wil iams found the number of errors was directly oil
re!Ia ed to the nicotine content of cigarettes and the least
errors occurred for the condition where subjects puffed on an
un it c igIret to. These same subjects showed significantly
I inproved per formance on a letter-cancellation task as a
tonction of smoking fhis letter-cancellation task occurred
lIur ing the same testing session as the immediate-memory task.
Ie different effects of smoking on the two tasks were ex- . ,
plained by Will iams in terms of different effects of arousal on
simpo and difficult tasks with arousal judged higher for
hi2her nicotine intake (unlike Kleinman, Vaughn, and Christ

119731 who explained better performance during simple tasks of S
deprived smokers on the basis of their heightened arousal
relutive to nondeprived smokers--see below).

Andersson and Post (1974) showed serial learning of a list
of 30 words was significantly slower immediately following -

smoking of a nicotine cigarette compared to learning following S
smoking of a nicotine-free cigarette. Subjects were light
smokers (1-ss than six cigarettes daily) and served as their
own controls in the 30-trial learning task. Subjects smoked
two nicotine cigarettes while learning one list and two
nicotine-free cigarettes while learning another. Subjects
received the initial ten learning trials in a smoking-deprived 0
condition (each trial lasted 2 min), then were given a break in
which they smoked one nicotine cigarette (2.1 mg) or one
nicotine-free cigarette. Ten more learning trials occurred
after smoking the first cigarette This was followed by
another break and a second cigarette of the same nicotine
co ntent was smoked. Correct anticipations of each next word in S

he 'il-word series were recorded on each trial. .

Andersson and Post found learning for the two conditions

;I< 1eIrI v idtnT iCal utiI the first cioarette was smoked. On
th hr next trial. p, rformance dropped slightly for the nicotine

rh (I it ion, then resumed its upward trend on subsequent trials.
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No such drop in performance occurred following smoking of the
nonnicotine cigarette and performance following smoking of this
cigarette was significantly better for the ten trials that a 0
occurred between cigarettes. However, performance followin-
smoking of the nonnicotine cigarette began to level off even
before the second cigarette was smoked, whereas performance %
following smoking in the nicotine condition continued to rise V -%
throughout the ten trials between cigarettes. Following
smoking of the second cigarette, performance improved for the I S

nicotine cigarette and within two trials the difference in
number of learned words between regular and nicotine-free .
cigarettes had practically disappeared. In other words,
learning performance of the high-nicotine smoking condition,
which was inferior to the low-nicotine smoking condition for
each trial following the first cigarette, actually caught up to S 0

the low-nicotine condition on trials shortly after smoking the
second cigarette. If smoking one cigarette is bad for learn-
ing, apparently smoking a second cigarette is good.

Andersson and Post (1974) found heart rate elevation
occurred following smoking of both nicotine cigarettes, but S S

this elevation was considerably less for the second nicotine . -yz
cigarette than for the first. The authors explain the differ-

ent effect on the subjects of the two cigarettes on the basis
of this fact that the first cigarette produced high arousal
combined with a theory that high arousal strengthens the memory
trace, but temporarily inhibits immediate recall (Walker -0
1958). Although this may account for the drop in performance
on the first trial following the first nicotine cigarette it
does not mesh with enhanced learning following the second
nicotine cigarette (which also elevated heart rate). Perhaps a
better explanation is that one effect of nicotine is to reduce -" - -

learning ability, but another effect of nicotine is to preserve * •
motivation for the arduous task of learning a 30-syllable -
list. In this explanation, a fatigue-reduction effect of
smoking eventually comes to outweigh the smoking-based inter- -.
ference with learning in the later stages of the learning %
sessi on .

In a later study by Andersson (1975), ten male subjects
who were moderate smokers (5-15 cigarettes daily) participated
in both smoking and no-smoking conditions during learning of a
list of 25 nonsense syllables. She again found smoking during
an 8-min break after the tenth learning trial significantly
reduced correct anticipations on learning-test trials immedi- I •
ately following smoking compared to per formance on the same %
t rial s whEn th ey fol lowed a comparable 8 -m in break without

smoking. The difference, between no-smoking and smoking -, % '
con I i ns ( wh i u h i vor(,d not smok in ) wa s d i m n in shed on t rials , .
16 to 20 A 4 5 -min pause occurred prior to Trial 21 which was
t io a t ri . On Tir i a1 2 1 . r ec 1 a as fo , n t. o b s I i g it Iv

7 1
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higher for the smoking c.ond it ion than for the no-soting oond
tion although the difference did not approach stat i c i:al
significance except when performance on this last tr ia L was
expressed as a percentage of performance on the single trial 0

that preceded the 8-min break (Trial 10). Even with this
inappropriate tiarsformation of Ti-ial 21 data, the significance
of the t-test comparing smoking and no-smoking conditions was P l %_

greater than .05 and less than .10. Given the appropriate e % LIP-
counterbalancing of the order of smoking and no smoking f 0 . ,A

conditions across the ten subjects, there is no a riori reason
Thy such an adjustment of the data on the basi s of Trial 101
scores should occur and Andersson ' s claims that recall was .

. higher after a 45-mmn delav for the smoking condi t ion are
unfounded. , -.

Unfortunately, this "finding" of improved delayed recall
fol lowing smoking by AnderssonT (1975) has been promulgated in
numerous research reports and reviews (e. _ Peeke and Peeke
1984 ,. Pomerleau arid Pomerleau 1994) despi te the Ilack of an
- vidence for it. These results of Andersson, like th,,ozr of %

d rsson and P ost ( 1974) wer e "in erpeted " in terms of the 
ho r v adv anced by v a 1 ker ( 1958) , that high a rousa 1 f ac i. i tat es

:iemorv consolidat ion, but inhibits immediate recall. The
1esults of Anderss-on and Andersson and Post do- sunport an

nhi biting ef fect of smokinP on learning or immediate recall.

hu d(Io not support fioci Ilit at iunT of memorv consol i dat ion .

In(oking prior t') the single presentation of the eight-word
!i t This was true for words recalled in order and words

recalled in any order. It is not clear why smoking did not .'
tetract from immediate memory performance on this task as it
did in the earlier studies of Andersson and Post (1974) and
,\ndersson (1975). However, the single presentut ion of a
horter list of words is a key difference from the repeated-

presentations of longer lists in earlier studies and may -- .**
somehow account for an absence of a deleterious srioking effect.

Andersson and Hockev (1977) did find the incidental
learning of the posit ion r)f the words (which could appear in
any of the four quadrants of the projection screen) was
igni ficantlv hiigher in t h(: condit ion where smoking did not

o c ur prior to the I nia ' rask Smoking is seen by Andersson
'11. i Hockey as ra, u, i .. the ;i') ,, t ttert t on to irrelevant
information v,,on- in T- i,',ii iionr, that i, n nea e arousal

no s) . i r . .' r t i r , I eva n t C ti ..
h P ' ' ~- ap ( l
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Andersson and Hockey (1977) required list and position
learning in a later portion of the experimental session. With . -.

both tasks specified beforehand, smokers were not inferior to
deprived smokers on the word position task, and both groups did
much better on position learning than in the first list where
instructions did not pertain to position learning. 1)ifferences
between smoking and nonsmoking groups did not differ signifi--

cantly on ordered recall, recall in any order or word posit ion
for this second eight-word list again indicating an absence of

dleleter ious effects of immediate smoking on immediate recall. 

A study of the effects of smoking on learning by Houston,
Schneider, and Jarvik (1978) used different groups who smoked %
either nicotine or nonnicotine cigarettes with the task being . i.%

the leairning of a 75-item list of words which were read at a
rate of one every 2 s. Following the list, the subject was _0
i ive3ii i rin to recall as many of the words as he could in any
order. One "presmoking" study-test tria] (list-reading : A<

fol lowed hy recall) was followed by the smoking of the cigar-
ct to (either rn i cot in e or no nn i : tine) which was fo1 lowe d by
thr -, addit ional study-ttest t ials.

Siouston, Sche i der , and Jarv k found the two groups showed .
no significant difference in perform uce )n the presmicikng % % %.".,%

r'i , w ith the group t hat oudsmoketi-nctn iaet

ac tual II; por-forming somewhat higher on reca Il than the group
thalt wool d smok e the ionnicot ine cigarette. Immediately
fol lowiri smoking, significantly more words were recalled by
the nonni cotine group and this result corroborated the similar
finding of the Andersson and Post (1974) and Andersson (1975)
studies. Recall was measured again 2 d later To control for
possible state-sperific-learning effects, half of the original
nicotine group smoked a nonnicotine cigarette prior to recall
and the other half again smoked a nicotine cigarette. Simi
larly, half of the Ponnicotine group smoked a nicotine cigar-- ,.,. ,
ette and half smoked a nonnicotine cigarette. State-specific
effects did not appear and the recall data were directly
related to the results for cigarette nicotine content from the
original session. The group who original ly smoked nonnicotine
cigarettes had higher memory pe iforrnance than the group who
originally smoked nicotine c igarettes. The magnitude of the
difference between nicotine and nonnicotine groups also was %

highly similar to the difference between these groups found on -
the last trial of the original session. This fai lure t o f ind
enhanced delayed recall f oIe owi ni nicot ine c iarette sook m t .

over the Tonnicotine cond it ion is contrary to the eported
result of An dersson bu t ct u l lv sup err t t,, fit d i TIgs or 11 r"

f I1 v t1

i rbhY - e t a I . ( 1 ) i a ) 1 ieflv s cr i Cd st n pp a I.
I. t ] v f 111!u , 1 irt p r o r, i 11 t o f ,2 e( ia t i ,! , ,i llT 1i i i t11 1 1.-
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-n cmoking, but after 7 m rin 5u) c t n th , 1) 1 ., 0 (1 n1. - ,

t in iz ed c iga re ttLe) conid it i on outper formed siibject-- n t h( .cj'.
n icot ine ci garet-te co n d i tio-n. Thcs e r es-ul Its ,IIs o ar opposit,

o the Andersson ( 1977) n it- i a I de cr em e nt n I e a r ning Po w n, '' "

smoking and her c Iaijmed( illp ro v ed d elaziye(d reca] I I'"'

Trhe st udv b y Houston , S ch ne id ,r , a nd J tr vi I' (7) 7 -z -.
i nc Iuded cont-rolIs f or st t e - s pe c c- Iea irn inF ff c s I t ,,'.i t'
a p pa re ntIY d id n ot f ind such ,f fect s w h en t h ev Io ok (- (I ii
d e Iayved r e c a I a s a f unct ion o f smok in 11 ( g1 a re(,t t es v,. i h a n (
w i t h o u) it n i c o t in e p r i o r t o l is t - (1a r n i n . I'lli s c o n l t :, .Ii t r" I %
the findings of Peters and 'Ic ,ee( {19 k2) w I o sp1)e ci f i , I Iv lo,,) , (I-'.
f or a nd found state-speci fic-icear ndnq cef f T!t I u {v G (Idi d (I" '' --

Ilearn ing o t a I istL o f w or ds s a fun tin i on c- f s:- iok in -i f i ','.
n~ - i co t ine (1I. 4 mag) o r v ur v-[Io kv- n c ot i n (. 2 ) :i.a e •

immr (Ii at e Iv prior to thle learningo ta-is . eu ce r v i,w h{ d-L
i s t ai time The words wve 1) o n,, (4 evi(I

. at the rate of one everyv 2 s. They then were asked t o w r ite..'-2 ,- - - "

d do wn a s m a nv o f t he wo r ds i s p)o ss b e i n ;inyi o rd er I h ii S" .
,imm e d iaite r ec all, d id( no t d iffIe r ais ii fu n I i o~i of a ar,. tt "L'..

In nirotLi n e c o nt en u! 111Li k e the r esu t Li o I Ho ( s:J ii I]hnC i d ,r. 1ld•
-" ar v ik who found a s i u i i c1,n t, dva in ta e f or :-i n on i otf in ,¢€'

On Day 2 of t he task, subjects in the study of Peters and '''

'.Ic~ee ei ther smoked the same kind of c ig-rette or the other .",.
cig-arette pr ior to another attempt to recalIl the 15 words
p)resented on Day 1. The proporti On of ini tial w-.ords recall ed....2,
on Day 2 was higher i f subjects smoked the samie type cigarette "2' -

on Day I as o n Day % 2. This difference, wa.,s si ni ficaut when 11-11".'-'-
. 86) and L-1, ( .88) were compared to H-L ( 58) , bUt riot..,.,,

signifi a t when 1!-11 and L-1. were compared with L-It (.7 5 .- " .- ,
Pecal I for the H-1. combination was significantly worse than f or
1,- H FollIow ing the rec a]I] meas ure ,a rec ogn it ion memoryv t ask '-
occurred where t, he i n itia I I- words that had been presented ' ".
were i n cIu d ed w it h 15 new words. Sta te -S P (Ci f i C fQeI t (Idi 1'5 ' '

not aDppe ar f or t h is r e cogn it ion m e moryv te st a Ithou(,,h rec:o ,ni- ,%. '
t io n f or 11- L w as s ignificantlyv poor er than f or 1, -11. "" %

'h e fi. nd ing by Pet ers and ?r;e of- poorer r(-,ca I1 an r•t (I
r c-cogn itLion memory h;.,'h n ea rnn g o.0 c u rr e d f o IIo w in 11 :.: os urIe t o 7 '-
high Ieve,!s of nicot ineI , but m-emory Was meaIsured aifter o.xpo~urc, .. ,..
to v eryv s ia a M a 0oUnrts o f n i ,) i n r .. .4 , , t h it I t,;]. rl n ny . '-,-
h ings wh i Ie sm o k in g w i II -(,,i r e mlo k j ii g (Iu rrinq r(,( ;i t o- - •

M X i m a] I y retriev e the ( m a t,,ria I [ t y t hc e p)o or L tud ,nt Wh 11
IT ok e s wh i Ie h e s u d ies bu t (an n ot srio ke d Hr in TI h C C, tes .[z"'''

S .t at r - p e i r,,sui t s wet{e riot. eLnt r;t ] I[ ]' ,"" -

hy } t Irs s ;in{] w ,rp n ot npr ,,, l , n 1e( I i n ]{(I a i I

- • •..
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innd e pr i ved s mokers on iii:r,cdiite "A <nd duitiveil rocal I 1n 11 1_ - r-.
i (-ir n i g ti Is k 4 m i I i t (, t- Itat ii'secd ) v 11o ti t , n , hil ln ,! , , d cnd
Jarvik (1 78) a t. h ou gIh wo rds; we2r e p r e c tt ed v isua I Iy i ns t (, id N,% Ni. -

' ' ir l\ - .t

;orial I . Gonz a e q and I I arrr i -) dp p ae r t ro hnlve ' o u iI d , ,-

I (v a t ri e f o- d e pr i ved ,-mok rs i n both in t i a I I r I I i 1.-
Se nved r c a I I i ti lat to tht alse ntagI for depri Ve d( dn i , r i n , .

Ho)i t Sch . eider Jarvi k . 1 o wecv a hor . t he sm w r ul u i ,sead
f i v l d prived and five nondeprinvesd ad aroik cr and to-Ia he , 1 1 1

n Ie arIY -si ,Ii f ic an t- (desp itec s Ill _ n umbe1) rs) i it i i t C Ir In t %..
advat tre fr deprived r i bo t in a r oh n, A (t)ri d

1e er s r r t t dseimir iva t ion t/sm kin tr I Ine' t . 1 im lt o

inter pr,,t ii!,In of t hes r csu! i .. rt'# ,

Ho ; mn , (h)e i o m ) r c tI . h a r) ii r o d - 4 e or i ,maI I t o

fie fo prr vc i df .reekers v i v ferent smokes a h e tu s oit antI ..

(I Id not P. ke , s moked a . 7 7 r, nic o t inec (_ I i re t t, C , J r :Io k od a F ,, p et ,. N
S r l --Iicot in c iga r ette sanlltn found taa ra r in g c %
I e r i s f mr i e d pr d o iv o I n t, p1e r.x t o

n o -. sm oki I , c on d i Lio It w hcn t h 'r was iif t in (, f er (,rit c i, ~ H .,l{ i

P,.~

sw' rikdrs r t h t s. h ow e r , wi t i I Ioki n trc ei r r p it I t '

w,' It it t ) ir( d i h r~.1 _s litd 11 11 k t)a i r , w it t h l . ".'k...

n r re l a, , a e for thu I ow -i t. r f ,it e I is t I! If it "'"-""o",""

) r o r anit t r t h (- h g )-cniht nte r fe r cn ce st ,; a-a'- -o I' v the

r fe uI t nf t o Itke 3 mg-n i c o citart e Lth s soso h IsWe- ;I It d',-

t i h- ti L rf e n I a r s t s b su t b j c a r i i C',"3 f s i er r (

1 car nin -g he Iist w best fcr th s sok iP condit i on ; wi t t h I- .t- .p. ar-

hiPh-nicot ie -c -arottE c on dit i o i showin the nt esfe tcn r rors.
Smok i n i pt p I t a. di d i o orc itr d i n i t n r eric-m i I n w i it n d

, 1b L 't % e pa i r ;1e b t du an i rh d sirk lt r el cr t- s IVo' L ,',..',.r,,-. I

! i g a I -; o t ompired ser i -a i I ar n inLo r coiitdi t i ons e-
in o ., n t o ,ok ie f t n srn i er, f r . 7 In , - m nd I m iior-

p rfor mac r n,, thf wirh-Is t e iJ lis nd wand lai- te 2h-w0rd

i t did n o t difIer a.s -i o itct, i n of it . t (, co diti on, ud . -
h I , i tr i i rt o the I i rs t t r weo- d of I h e I i ist i ot eslokin

rn d i iio, we e s u at er i or to he no-smok i ng -on on. a oii< t
hi) ir cv of f ict et. e 'Ian nn to cnndc ud , " . . . he fnc Ir or. ...o

f , I of s m o k i n a; r s c i I o I i c t lo i t c n rg tr , rIt t I I ( r t I i a I i. I.

t rc r mem,)'r fo til i ho he.o r n s i i

se.ss i on

tDepr i (d si:lokl .r o t pe ,r f r tnt(, d I , dn l (,) r i N! u d < n ),-; rokfrs ()nt ;i it,-,
,,;l l p t , -- s oc it t I ' a e r', n 11 ,i-,1.1 i ) 1 ("1 u r- ( 1 ) K (I jI lm~ln I)

Va iu ghIa al so (C o 1p r d se , i a ve , eI Io r (,,, t o , ( re u iotn of

ol v li( n Ih ;i ii 1< w ; is o i d f i.7 I g (I ,w 1.- oci I i gn a , l - - .

0 f i d e iit in!d o f hod at.h ' o t ml Idl nn eoIu 1on d of th O v if jd o

it drI o i ,;d i(, r dt fc as t fut k io n o a;1) r t iit inn con.it".s. h
t I in m i(' r vr d noor s t I i r n -)gi.

u i e 1enl sor i , o s o ntl ,r fcrr t iui t i !, t i dKc-rs ,tt ..pii..i,.

% 4" %, r, %, % ."1

-. .- I i ,.. %, I fl r. .- .r .. .. . . . ., . . i .C . .t% i . . P
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t tr , u I I(,. Id p vr o rK 1n d illl( ! , i 11' V<: : I' it , I :( i ! l 'I ,i : a 11 d r. ,

'if C ounllt I o r th'Ie poor p r i o r m;i n e o[ dpp i) r e d 5in ok u rs ): l
f r i It t a s k s and heir hi g hl t (e o n H at e ia s t i sks a.

,,esuIting from high arousal lu v ls of the depr ived sir okers and
low arousal levels of noIfldepr ivud smokers They desc ribe a
nuc',ber of studies that havE shown ;irousl I vels to interact
w i t h t as k d i ff cit I t v in t h i s way ( e . Ch I e s 1958 ) owe v e r,
s;m ki tn,, deprI v at ion for 2.!+ h reduces heart rate and hand tremor

1 h( te t il n d P'ope 1 ) Phat I cre, 9, 2jams (W 1 111j19 ) used
t ho s m u kn t) ascFking- dased h i ht arusal f itonde ri ved snmokers as the

:i (,;III to uxp ,i ;h) I illn(-r(is(,,l p,,rf or m::in e f o IIow in it nok in It' 'J
,, ,r r t r i tt td m , k ir i l ; i m i I ,t. te r - a nc 1 a I t i ta , s tk in. -'

d 1 4 ;1p v!' 'lk't tt 11 d tcitIiv l n-V itl (I ilitl i P1) .'I ,It in- i eti':: sink : at_ ( till: o <n . l)ep i vat ((,t 0 SOOa~C t- n,...,-'.

I r re o r 2 4 i t he s 1 i A v i ninan u I , td Ch, 1

d...ti h s O i s d (, r b I v 1 ol n F In ita th e d I r i it ion er i o d i "

u s 'tl-! it lu1i I , h I ifl I :or ting of m okitg depriva-
I o(r If I - ed 1) v 1 i illS. A r o IS a] Ia v 1c re a Se w ith ltIongyr

1 oI f m4' i d i

t r (17) f'-i, I t ( dii fer c- s on a serial learnitg

I . , it - p,Irr d toild pr i vd sitiokers i th Id privd

., -r . a I ist onsisted of 1 2 no sete te svl laIbles and I

1u ', r vd s ri (1 s took two puffs duritg a -mitn rest period
t rert , Itcta tn- -Pe std i Is sr:ok d one C o tt

Pt r ' t t gt Les In n ccur red itpain 7 d after in tial
Ir!Iit r irl 'it oii i t i1 :L dif fe t,'tC es it tr alIs to re te trnin' •

[(t,': t ft w(,uln the dr rv d ind n o de pr r ve'd s tIo ke rs Neither " -
I,'! ,  '4ri 1 d pr Ior tIo t h r (, tPn itt i n st

v r i, ,,tt ,xt trn Si ' stuLd of t m tok inI, n d leairn nn was

,) v 1). Peek e an d Peek e ( 19 84) In a ser i e-s of experimens
t ,v x p I o r ed t h e f fec t s o f smok ing 1 he f o r e I ea r n i n g on
tit :ifi: t r e- t all inc udin smoking of cigarettes of different N

1 c,1 itn' do, a nd s itokin o h peop))le with di lier -nt nicotine
14 11 Il tlt ton levels. T e-hey also studied delaved recall as a ,

f i it l i t of this pr o I ear n i ng smoking anId a I so as a f onC t ion of

,I:e in ari t e r I e a r ni n w h i c ft wou d r e I a t e t o memory ceist e1 ida- , ,-

ion if ffc, ts The learning task was to rememher lists of words

I)r,,sette d via tape recorder. Tvpi calI v, stoking before
learning did increase memory for the words compared to the no
snok i I g nd it ion, hut smok in aft e r learn i ng produce d only a

"I01 1 it st n iii ant i iiprov men t If m morY or n o iillpro' n at e fit.e.n I.
I. ) , e I tit cot ne if i t he p r e r i r i it c i ,a r et t.e was d _

I ' v ' ,Itt' d to lmu rvllo it)rv e mc nt t It-houph tte highest dlose

114(d W 011 voIly 1.38 ftt of nicetine . The researchers expect that .'

1,11d -vUr ',d- -shi 1 )ed functI ion d(V : i )hes t It, cf f cts of nicot ine

'ti ', an l(arttitg (as it appear< to with ani tals) an d that

I ipatit tes w.II1l < h , prodil _ v less memory improve-
!:I et . "D o1k II) tt ) I1 o I t o 1 f, r 11 1t W is r e I a teld .o s J g n i i ant I v
int.ro,I'd r% l.;il! as mu( h as 24 h aftor SToking for one group of

S ............. .... .. .. . -. . .. .. . .
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smokers who normallIy consume d oin I v smai i jimlo it t. oi it 1 1 I1.

Peeke and Peeke discuss that their con,, s t eant f i id ing otsm

improvements in memory for words as a I one t ion of smok i as'_
before learning could ref lect a noroaili I t i o, o f d ea I) r1i 0
smokers instead of any facilitation of Ieatr n i it _,1 mv 51)0 1, j.

The absence of effects of smioking af t er l e arninitg I o in! 1
Peeke and Peeke ( 1984 ) re pIi ca ted r e s uIts of 1aan iri a nil (I I dI.
(1983) who compared a no-smokinp condtliti on it l f Iuw I l 1; )' p~r -- A %

associate learning with conditions whetrI lo w-r itco t i nC e ;1 1"
rmiddle-n icot inc (1I. 3 mg) and hig(,h-n i cot in e ( 2 .I m ig ) I uga Ct I f-
were smoked af ter the paire(l-asso iates i s t wa s In ,i r il. (

consistent differences were found for these differcnt p,)st-
learning smoking groups for ret ention intervals - of 3C) m iii, d
I week , and 1 mo , alIthough '-he l ow-icot ine smokers shoced r;r
improvement over time t han the other-i groups. 0 0

Lea rn ing and memory d if ferences between smoker s and nonsml cs
Hull (1924) not onl y com pa r ed l ea r n ing of IF)a ir s of a sso c ia t ions
between geometric figures and nonisense syllables for siokin,.
and "sham smoking" cond it ions , fie alIso compared smiiokers andA

nonsmokers. His nonsmoker group was superior to the smokingS
group (the graph indicated approximiately 11 trials to list
learning for the nonsmokers compared to about 15 trials for
smokers), but the difference (lid-not qui te r-ea ch s t atis t icalI
si-nificance due to large dif ferences among sub j2cts wth in10

K Iiin m an , V a ughnit, aniid Ch r ist ( 11)7'3 ) alIs o c ompa r ed ,I su -()ii11,1
ers with depri ved and nondepri vedl smokers in an Iindeplidelit -

groups desig-n whi ch I ooked at paired-associates learning foi
easy anid (ifficul t ~i sts. lhev found the p~erforma~nce of
nonsmokers to be highly similaru to the nontlepri ve(! smOkers wl,,

aIs reported , we re s up)e r iorI to d ,pri veol smokers for (lit fi ilt
i ;t s , hoit initfe r ior t o ltr i ved smokers Ifur easv one.r

L'e e ks ( 1979) compared smokers and nionsmokers who weCreC
matched on alcohol consumpt ion, age, and a number of othr

variables on their abil itv t o lea rni assoc, at ions between nae NS

and photograph-. Ten [Ii I) aIte r thIte leuarnn111g t r iis 1 e- cd I, t I 1
smok e rs a c hije ve a,( sc o re of I h7 3 p i t t ar es c or r e : t Ilv ma~lt hi 1 dn 1 1
n on smokers; a c h ie ved a sc oreu o f 8. blI c or r ec(t t ma Ithces . Ii s
difference fa vo r ing norismjolke-rs oiver smokers wat. s h Iighly -sin i%

ca n t .

T n t I(,i r s Il ( ! f sITI o 1,i itI' it ( pi I r' -;I s o) ii I cw ',I 1,1 1

blo I .11 ) i i i(1 t( it I I i r~ It 1 it a 1 i rt I I 'a i , I 1 rW jti i i~ 0 IIS *

oil n(t .Il f I oil it I I , d i f~ r at oi W 1i 1) 1 ",1 w 1 i t i 11

%,S

%. .

T r ) it it I r I 1 IV t
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%
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list recall than smokers at all retent t on net ids. I- -

e xamp ie, 30 i ii to I Io ow i i ,  I c rn a v i' t f Ie non i Io c r -s r e j -i rd o ri n v %
an aver aige ofl 1.67 trI I jIs to rele; rn the tell-p IIr I it And tii I

I otoar ;I a v fn a I-; 3 (. of .)' t i !5 f,I II s' i;oktr rciuiS. ) 0
Fi f r I ri nc rhc twetC t 101 1111ker ii smo k crs in t hO n LI t, r o

tial t o reulearI-n th ist atL it ur in t er v I ,er siie winat
srl 001( hut st 3 l iver.,ied m,.re than one tri;il a nd ;IwAv s i tiu
tw e ' r ij I 1 i 0( ded f or t e noitr~Ink r.

T sit su lare S lri 0u r-n()n>iioke r d i I r e s fto ! itnd bY .iangin

and I I1 'ii .; ( 19 ) de ,erve iurt Per oi:innt . i b jec : were .

Ii t S tr tted inotL to (,I I I- s (r L ht h i I1 t di r inp i t u P -n in C' 111 p e d aeri d.
()[L w I ing a( u( itI ioi a nd were -ivun iteri t read inste ad. •

it - Iil t a it on ;mok er 's %ure ls (':S s Abl, , to ) o( k o ut t'Ie , % 6%

Ii r ed-- ssoc iAt e I i st du ri n g t h s p r io d . fine oI the r es lt u I t

silo wuii oIIor t o cUseid at Ic ion if ri i siiiokinp (Knott. 19 7 8 a, 3
Andursson and Hockey 1977) in I pit ii dic ate ti e smokers were able
to u on c i t r a on t he rea d In g r ia t e 1 o I be t t c r t Ih a n 1.he ioifn--

sinokers who iiia v a v e ird the recent I v I ea r n e d I i s t. t om pe i "i"
iitt it e t read in., ;iia t er iI , an d ,it h r ea i sa I ol the list c' I s

Ur crrirg as another result . ihwicveCr , since tIe deprived
s fiot) K r we r e inf e r i o r on r uc; i I te t he nonsmo k e r s , d I eIa v c I
v .r v I-i i a r I v to the smiok i n g groups , this weakens t '-i s
explanat ion of more focused atLuntion (on th)e reading task) as
a restl t of immediate smoking.

A nother poss l ,e xptinatiori olf t I improved retent ion of
1r1i 1,l Kt r s o ' r - smok ers I n t e st Lidy ot ln 'aii aid o - d i n I i 5

t -i, ok(,r or tie lnonsmoker Iproup rehearsed lhe I i st dLr i n the

p rIl d prior to first measurement Iot retention despit e instruc-
i, n It t- to aid tespit t I heir r c)orL of ctomipl Iance wit 13 t li'so
i t ti t i ns I i t we r ( t he, n nsimokers who r e h e a r seE s d-i h,

I I I t, iJ, irf t were t( )t- e Iok e s ) s ii r el u crc I- I

r 1) lt Il TI S Iit 11 
,  

s m ;[ik eYr , wer" Filu L m;1 re Lipt n ot L~ ) w.z ."-°.
I I, r i i oeur t r r eu rsi ii 1 r te si t in (see i , i 1 wu!t %, o1 " -

v li i tS (I h si v( 1) c (' wer 11t1 1.ro re a Pt lii t to itg I Ie i ' I
-errT' t ;iu'V wiitii Ii iiaVe beeLn ilCri-ri apt to u)iIig e (13 ielrearsal!

L Ipite itntruet ions 1not to do SE. o

I)~ i;tb 1) '-t c n sh{ itlly l n~ad (;,) 1d I i d i d Ifo t I

rt i, tr ie r itn t Ion so ior3 th t 0 r r t o( urr(d I fi tI l o owin i, .I--

I Arn 3 i, despIte pr o inpt i1 g tie, (I 1 1) litW, v iwvi, , ill 'i o
i . I i, 1 eir ; i l d I o r i w I hi t, it r-, w er( 2(1 "' i t - Nt

i', t t Ifi4i1)o r oI tIu - wa I i t Ia V Si11i E it

l I ( i -, i d il t , , ,, i I if r I atr tM k e i ;t F s a i-
u' ,i ,;, I.i, , .) i i 1. i , i ti I i t " ' l, d i t ii ii

I, I i ii i- .I, Ii

I •
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%
Problem solving

Carbon monoxide effects on problem solving: 0 1 aionellI Ch1ii kos,
a nd Th e odolre(2 (19)7 1) f o und n o e21ffe ct- ot twvo leveIls o f CO 11b (a90
and 12. 7 Percent) on mental -irithmel ic pe-rformance, time .*

estimat ion, or tracking ta k . eppan Hakk inen , anid Tenkku
(197?) also found no effects of CO) on tinge-rtapping and on e
Bourdon-Wiersma. test (letter cancellation) even with CO11b 4

levels of 12 to 13 percent. These lovelIs of COlib are wellI
above C0l1b levels produced by smo king and it appears problem S
solving would not be degraded by the carbon monoxide content of

cica ret te 5. However ,1 'Iihev ic , GIinrer , and Horvath ( 1983)
recentlyV reported a smrall1 deleterious effect from five percent
CO~lb levels on performance of a secondary digitL subtiaci ion
task that was performed simul taneously with a dif ficult tapping
task that required accurat-e Alternate posit ioning of a metal S
stylus on two separated narrow targets. However, this increase
in reaction time for the secondlary subtraction task may be an
artifact since it is small and occurred only at intermediate e*%
levels- of difficulty for the primnary tapping task. Mihevic,
Gli :.er , and Horvath found no difference in performance bet ween -t..-.
air-breathing -and CO-reathing conditions when the tapping task 0 0
was mlade more difficult. 1 ... ":.%

Immediate effects of smoking on problem solving: Hull ( 19 24)
found habitual smokers had higher speed on a m ental arithmetic
task in the smoking condition than in the control c ond it io n
whe ,e they inhailed hot air inst ead of tobacco smoke . Non smTok,- S
ers; also smoked, but they showed a small opposite effect,
aJdding faster in the cont rol condition than in the tobacco -

smoke condition.

F.Ilge(2r ot ( 19 7 6) u s (d Raven 's Pi-ogres-sive MIatrices test and
coulja red smkr follIowi ng a per iod of abst inence f rom smoking

(I h ) aniid i n a iio t her c o n d i ion wh re t hey smoked before anidN
lu rrig t stnL I s n t pl.er cEiit IIIo re p r oh1)1,m s w e re s olv%,ed j i \i

t he a b s t I Ti e ai c~ na ii(I t i 0 a1 t hi n a i r i n g t h e sp o k i n g c onr d i t 1 o a./$~
S i IIIi Iatr sinif icaInt (Ii ff erences favoring aibstinence over
s inok ig were Iaund for another reasoning test aind a mental t
arilt C ( tst . we V e r , s imle I men1t alI ta;Isk1s a t p ro0o f r ,ad (Ilag 0 0

anid p (,r(e pt ual speefid (lBio ur-d on Te-;t ) d id riot show ai di Ilereace
be(,t w (,en smok ingi aiid ;ibst i nence cond it ins for these subjets.
T hecse r es uIt s er e s im iar t te reus uIuts to u nd b)y Wi Ij Ia m s

1980)) where smrok iii- jut crfeted w j t ai l (i f fir a I t IIIemIo( V -"5 pamI ..

task, but fac( I i t ;ted a simipi lette r-( ice a Iit i on taisk.

d I I i I ( ()1;11c1it r I~m III I I j h fIc I t c I to %, I 1m 11 1i ii l 1-;m c I i c
'I r 1 i i 1 cl ci Ic (I c i i ! Ic d II it % c c. Ii c - II ~ c

-- %

% % % % % %
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Prob 1 em s0 o v n d I .ee* I 'l kl - tri it ii I
HL 1 ( 1c24) cOMlarel p-e) frr ic t r. : d ...1. h I ... .i

men t a I a r ith e t i u t ask and a t n o gh1!1 .r ,,.r .itos! I I
percent faster than smokers iantd m d - i ob ut t ( ,p.r rent I ew r ,-.
errors than smokers, the di ft crenci a tt.+* it li, tW) grups
were not signific ant because of tit,, I g , , : i In i n per o l - . ..,
ance of sub ject s within groups. iHi1 I d I it same smokers ind
nonsmokers f or all of his tasks and this um nit f r the ,

consistent, but nonsignificant vroJ) dii f Ir , fur di i fereni
test s that favored nonsmokers.

Stevens (1 76) found nonsmokei a f s a iut)  pi.j t o rot .of
significant l v h tter than smokers on an a iact alL tol i n task
and on two ot her rohI i t-s)l v ijg t asks . (h1e3 kh s ,, , m okr;
were (Ii vided into heav smokers ( r tc't2i t uar, i rtte -

dai lv) a nd l igh t tnok ei s (les s t h anI 1 2 ofai'), w, i 111d
nonsmokers s ign i firc anit I voutper formned he (,avy s mooK, r -,on itheseor.
same test s , but I hec d i ferences betwenti rior ilm e r ;i nd d i ght
smokers were not statist iCall sign if icant Smo kI were free
to smoke during test ing and it is not c lear hc, t hI r this
inferiority of smoke s to nonsmokers on these toas s as a ong-

term or short-term effect of smoking.

However, 1a<a!ker et a]. (1969) did not f ind di fferences

between smokers and nonsmokers on B aver, 's Progressi ve latrices e s
Test. One major difference between thtis studIy and the study of
Stevens (1976), was tIat St ven<0  t est cd males ,nt ( ',aIker et a .

dsted f emales . ilowever , it is not c e ar why sex should
i int ract with smoking tstat us on these pro tlem -solving tacks..

Another possibilitv is smoki Ip oas not al lowed durn 2 ! est Jin.
and thus no immediate detrimental effc ts of -mokin , such as
those found )y il perot (1976), ex i sted in the I ,.'al ker (t al
study. Smoking during testing oc( urred far most, if not all,
of the subjects who smoked i n Stevens research.

A f ew st tud ies I i ave f outn d smok t: t o h , i it an adv antt ae Qe
over nonsmokers in :ognit ive taska id sn and %. ,,an ( l97%'i)

found among aadem i psvh oIo(ist s i d emi ra "" nk
that smokers had s ,_ t lv in ,' ,nd ,it t ir lea pub-- -Iel

lished than non mok os. 'rl t s Uevl (l it.k.v

found students who smok,,d i t I ' I-i r i t I of I- id ing taIl
Shi gher academic ax v -ca .g tl i, iit>;ot ! s , I t lit a. t h i
Sthese results iig .st .uio ki , an ti;i a ,i i p , t Vrt n

product ivit rn 1, a tli! 1ti l iit . i al (r , 1 1"IT"
1 11l v ~ r o t t 1!< i 1 11 ( J 11 f 11,', . t t, i ~ +1 1 1 ' ii ,t

.% %
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S(Tr Titn o i i( i ' c' f ('i t s ci I oci - ' xI I I i ci i i  A o l i ' i 1 - ,

ii nu11 ' r of s t id cs of C( 0 , f ( I , -; oi i im' p cr c t i t I o I ow(ed . 0
e p o r t 1) B ea r d cI i d e r ti ' i mc 1 ( 7 ) of Io t 1) 1il ot ;I I r (' I t iil j
It bi t y L V t ii t I iL flu ( rat io o I a 0- one l 0 win, 1i,

Cx posuItre to l ow 1 (vt I s o t (0 cst i i I tetd to I rodic ' on I v 2.3 to %
1 e l to rp i cat 0 this t I id i M 0in cl 1- 0 U ,s; s of (:'llth ct ns. er lv

f(-t;('Iedn ( ic ( I toev r I t hese i11( i k can It eiip I ' s f ene1roa 1 l r
r() ,r e C 1t I i d noi o p rod uc e ii y (t f(' L on i s l ii I iar I .ik () )lW[)oi-

n II, (:hi k o,, 10(1 II(,Ch o r ' 1 97 , ittI w'i't e o d I 17 t ' 7 1, St .9 St -
t . (97") '-10 r r P( ('111 1 y t, t o ,1 c 1(11 i S , at ii d Pr cih (1979)
;I I e 11 lo 1pl l ' (1 H i t i o n .; o I t 1w 1), I f r ;III (I ,r h ,, ir .'..'- ",7. ,t1.
.i, , i I I I T I I o I oit I II I I OHS t I l )w I lC 1 l 1 1(v , 1 c' 11 .i.*.

I t( i I- f I I e( s i io i g ic I I in (f cc -,i (rI t t oi A g 9 4 .6 . -" '

I t ( rc i 1) id ifji it i rc, I If i II Ti' i s o c f i h i di Ur at i n o I 974
5 ) )1 t Ir v ;I f r -o1!c P o i i e s t i(In(' t , i d Ies e o v u r c s t- int e s

r I ( I In ii i I tI1 In 1 cIli iT ) o I I iowi g s oi ing lhe su bTjhet SItb
ic d LI ('d tIte 5 I it cr vi;i Iy sw i t Ic i ng s i des on i .- I i d' " "

cr t r wIe I , ( ' .t i ll,,] . cd 5 s Io aye (I I ;) ps t d Iow vt' , t u r 0
dci f ( re'n ,' in tine list incit ion fol lowing smoking werc not
r I e ( Io d I f (, r e t n cot i t c 1 ev , c I f : i g i ret t e5 in c I ud i n a ,.
it Ti I t ie C ei tre t e. e ) i I f I e r n c (s f- r o In [1 r es mlo k i n Cg '4 1 i M11 I f-S

I so (i i n)t i ppe r it t Ihe s I ow" r it c of s mok in g %h i ch I OlT'

I cco c. I v r 1 c- d li I c T ici I s; iok i ig rci t cs .-

Ic-pl iid Toncg (1970) incorrec t I y report Agcue ' fucoti d
cc t ir c ( , e s t t, n Tile 1 o) r o duc t 0 ii dcs1) i t( no i I f ( r ('e ( .i..c e

'-'.h1) w I-,n hit oti nt u ;I id no nnti co t i ne s nrook in g c-ond i ins, Le igh ;Ind...,..." " - -.

lccTg ai so i iicorr(ct Iv desc ri bed the Ague' effcts as unde(r- c

[)r o lic I on ciI tioIiiug the " -s i nt r-vals prodiciie d I ol lowing " .'..
rap i id in oki ng (of even nontiiicot i i c ci gar-ct tes ) by Ague 's 0 0
sub jt ts were iIonger tliin the initervcla s procducced pritr --o
sill ccli i rig ,Z•,,)

[it.

lit lie i r own I;t udy , Lpigh iiIf Toig Il e cit kiat h I t e 'c ' "c"c
of '- ki P i it p ciii i ; i I ( 1oli c( o nsutmpt ion o ri l it' .ju cm n L s w i t Ii

Sc i t i( s o I no ;I I( oho l i cnd n o a i -c (r t t(,, no ci ol i 0 o I ind oil, .

" i cr t I e a I c ci o (Ii cid it o (i ittg) i r e t- e , diid ac I c l 0 n i o id 0 ", I-

C i c re I t . LIu). jcC i w cr e, r0ti i1 rd t (I p ro i(CCe i nt rvc I,-; 0if I .
l iti d 9 s Ic y d ep r 's 1 i o ;I sci t ch ;j t t hi e 1c)' p liri i n j i g  ' Ind eid of

Ict, r incit r-cf t i , it c'rvcI R ,si] I t w('r-e s oCIll ( w it :i.. x.
b l cr I i l i (I ut i ol of !; Icr t r i I v I ( .vi I s I t e c' f eL i t of -.-"

N 1(, 11 w Iho 1 : W1l,)l ohl~ l() I ~ : Wri I,. t (I t 1 11d cr )r o d 11 c io I r ,l i v, I •
, ii, I I V l, c r p I (1 1 ( 1c c ) 1 i r t o I ('c ii t c l ir c lot* c ;lcc .it I . ii r.' I (. I I , v, 1
ciid iiy, ,o jcr " icli c c c l I v c' it i' in . I i P1 Ii ' St.-, --i

i t I tl ( c-c l I (I I t c. Ii It ( I cc c I T c t c i ' ''';: 'cc cc V c o -1 oci +.-' I .% . % %

h - ' j i I c-I [c c,, I . ...c " '' ,,,! j ) ,, 111 d l r j i bt k j I I I I ccl I I r (I c lc l Ii I %
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this overproduct ion or even led to under pvoduo ci on id iri .
that smoking was counteracting alcohol ef Ie( I .

Tong, Booker, and Knott (1978) used a task ,wh re a I ight g h
moved 50 cm from left to right, then disappeared at a posit i,)n.
in front of the subject. The subject then was t o ; ( t ivat e ,, I
switch when he bel icved the light would have, reached anot her .
position 50 cm to the right uIf its last posit ion if t he, I i t , -
had continu, moving at the same speed. After each such
est imat ion, the sub jet t then was asked to reproduce the •
duration that the light was "on" with another switch. These
time/position-estimation and time-interval-reproduction tasks
were performed following smoking in one experimental session
and at another session following a period of rest without
smoking. Smoking led to shorter estimates of the time for Ihe
moving light to bridge the gap and also shorter estimates of
the time the light was on. This "underproduct ion" of it erva - .
fol lowing smoking supported the results of the earl ier study o f
Leigh and Tong (1976) and is interpreted as a result of
tobacco-based stimulation of brain-stem arousal systems. .. .

Differences in time perception between smokers and nonsmokers: 0 0

Koenig (1972) provided results that indicated nonsmokers are
morc "future oriented" than smokers and nonsmokers tie the
present and future together more than nonsmokers. However
Koenig admitted his methodology 'was crude and his results not .

particularly strong. Koenig called for addit ioia 1 , i, irch
test the hypothesis that smokers are less or ienel d t ow;tr t It(
f uture than nonsmokers.

Conclusions and military implications %
pI%~ ,. . ,.

Despite the typical fa( i litat ion of learning inT rats by
nicotine, most of the research indicates smo- king d(t r ct> I ro" (,.I

earri i n g n h urn a ns a rind r e se a t h i ri d i a I IT g ' i p o r o v e d o, -t C r 0;: g -- (.r
recalI with smoking does not hold up under , I,, c ut i nv
1Ho wever, the decrements in learning fol lowing smokin g have
U s uaL y I I v see i S Ia I I , e v 1n w hen t h e y we r e st tI t 5 I v s, i I
can t in t he I c w s t t I di e s w Ih e r e s n t i g f i I i t el d ', ii : 0 0
it was typical l y because nonsmok 1 rig smaoker. i i om p;ir i son
groups (or comparison onditio It) were surler -ig unrleasarir "-.-."
smk ing-wit hdrawaI sy iTpt oins that inter t ered wi t I I ca rni ig. n

S; t a t e-specit i - ear n i ig e I er t may hi e r r I , owev, h o, (1
th i g a rr an Id fol 1rowi rg iok i g riav i e pa V b 1 1a I d 1 1 1 ]
enrd it ions where smokin g is no t 1) s , f)1 . .',i(lli, r ho
smoke i IT a ( t I Ii l oib'it pr o t hbI v sh( l t >IloK e w i t I a l 1 dI .-o 1 1
I or o n t);ia .
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Problem solving also appears to be hurt- more often thain
helped when smokers are actively smoking during the tasks.
What is more, it appears the more difficult the proble , th(, M 1
larger this negative effect of smoking on the problem-solving 0

task. Presumably, the same mechanism could be involved in both

the learning deficits and problem-solving deficits which occur
with smoking since learning is a key part of the problem-
solving process. Smoker-nonsmoker differences in problem
solving show no particular trend with smokers at an advantage
in some studies, at a disadvantage in others, and with no
differences in yet another study. , . .

Changes in time perception with smoking have not been . * -.

studied sufficiently to form any conclusions, but it appears
smoking has the immediate effect of making an interval of time
appear longer than it is. Deprived smokers may experience the
passage of time at a different rate than nondeprived smokers
and nonsmokers. This could have implications for soldier
performance in settings where smoking is impossible. Smokers
would experience a change in their perception of the passage of

time as a result of their deprivation while nonsmokers would
not. Coordination of team activities might be influenced as a
result.
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Chapter 6 r-. -

* '. . •

Effects of smoking on arousal and on •
ability to deal with stress, pain ,and f ear '- '

Marshall (1947) reported many soldiers were too frightened .

to fire their weapons during their initial exposure to combat " '",-
in World War 11. Similar observations were made during the •
Korean War. If tobacco smoking produced a reliable reduction °
of fear and other emotions which strongly interfere with- ' .-.
soldier performance in combat situations, or, if they allowed- -. ,.-

the soldier to function despite this fear (which may be the -- .
same thing), then it could be argued that smoking (or some , -/
other form of nicotine administration) should be encouraged for _
every soldier in combat situations. This would be particularly / .

true if these benefits occurred without serious reductions in ,
physical, sensory, or cognitive performance because of deleter - . , '

ious smoking effects.

This chapter will examine the research data that bear on •
effects of smoking and nicotine on arousal and on performance .. ' -.
as it is influenced by these smoking-related changes in "'J-

arousal. Even if smoking did improve performance in most : .
soldiers, smoking's causal relationships to numerous diseases #--
(see Chapter 9: "Smoking-disease relationships: Effects on ,$.
productivity and absenteeism"), argue for a less-poisonous •
method for administering nicotine (the chemical most involved ,,..
in relationships with arousal) than inhalation of tobacco % %.

This chapter will first address one line of evidence that %..

smoking affects arousal which is to review studies of the •
effects of stress on smoking behavior. These frequent in- ,-€ .
creases in smoking during times of stress certainly reflect the . .

perception of most smokers that smoking has a calming effect ,' %.
(see below). On the other hand, habitual smokers experience •
considerable stress when deprived of smoking (see Chapter 8: .. #.
"The effects of tobacco deprivation") and use this experienced •
stress as one cue to smoke. It could be that stressors,' .;'[--
unrelated to nicotine deprivation produce smoking behavior ,.-.
simply because they mimic withdrawal stress. Whether such " -- '-

noniwithdrawal stressors are ameliorated by smoking or net is an "'- '.
empirical question..-.- ..,.

Following the discussion of the effects of stress on .. .
smoking, research will be described that explored the effects :.. .
()f smoking on physiological arousal and on subjective arousal. .'". . ,
A\ surprising and apparently contradictory set of findings exist .'...-.

n t h is a rea . As will be described, some physiological indi-..- '.
caltor; suIch as heart rate almost invariably increase with • ]

85-. --
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smoking, and this is true e ven when stressful ; 1 ir o I,
events al ready have op r odcAuc tantil inc r s t hs2,, t , i, t n

rate prior to smokino. Ot hers such as skin conduc tan u-iu:i i v
decrease indicating a reduction in phv si) I o ,ic a arousal (n, ....

recent study (iol ding and rliangan 1982b) showed (ortical 1,

activation and skin ronductance both increase whe n smok ,
occurs in conditions t la w arousal and cort i ( t i ci v t i on . id
skin conductance bot h dfera ol o i a sI okini' inl coi dIit 1C 11.

of hi It arousal. TheI le l of arousal oI r oth r aFcts ,f p o
smo.er and his situaI ion may account for irany a the auparent
contradictions related to p,,hvsi ologicl chan es with f ,mokii -

The immediate effects of smokin' on pain i tol erance , on .
tolerance of other stressors, on fear, and on a, gressivcn.cs s
then are discussed. Such effects are particularlv sal Ient for
soldier behavior. Finally, long-term effects of smoking on -7
arousal are described. Whereas the short -term effects of . .

smoking appear to be predominantly cabminQ, evidence will tI e
presented that long-term smoking appears to produce a more b'''
nervous or anxious individual.

Effects of stress on smoking behavior

Many people report one major reason they smoke is to
reduce stress (Coan 1973, Ikard and oIomkins 1973 , Mataraz;:o and
5aslow 1960, McArthur, Waldron, and Dickinson 1958, Schneider
and Houston 1970). Research also indicates stressful life (and
death) situations frequently increase smoking. For example,
smoking increased dramatically among the civilian population in .-._ NIP

England in World War I1 (Stepney 1980) and in Israel during theYom Kippur War (Ben-Meir 1977) Other research indicates that-

personnel in stressful professions such as soldiers (Ben-MIeir),
administrators (Caplan, Cobb, and French 1975). and nurses %
(Hillier 1981, Kirkbv et al. 1976) smoke more than people in
the general population. In line with these findings, Linden-
thai, Myers, and Pepper (1972) reported sinokin( increased for
individuals as a function of the number uf life crises they
experienced. Similarly, Billings and Moo,; (1983) reported
heavy smokers had experienced more recent negative events than
nonsmokers and they had fewer and less supportive social
resources (e.g. ,  fewer friends) than nonsmokers.

Stress also raises havoc with attempts to quit smokino.
Shiffman (1982) found that negative affect was a ma or fac-to
in the failure of smoking cessation treatments. People
reporting several significant changes in their I ives, such as a-"
divorce, have more problems quitt in siok i no than people wit I-
fewer such changes (Benfari et al . 1982). Tie Yon, K i pper War .
interrupted and totally olbl iterate d the effet of tw, smok in,
cessation p-ogirms (Ben-Melt). r
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tadio I s have shown 1 s ok n tend , in r e,+ 
, i.lhc.! %oon -

ice p aced in st r .fs (ci I x p r ioen til si I it ifns. i- r x' - o-
Su h c h 1- , t a I 1 77 I) hovd Ii I no cb r J I i a r ce t t I n m okc d'

fi I r s i in I t I t it 1 in h Ic r ) f po f I w: Ic en I i in I v*
/it r i.' +; t , c 1: t ) l, r w h e n ;i ,)t 1 f. -;I V.- I Ti i 1);t !I 1S " "

r k-cI t ri ( ic f' lia wti I i a o l- i hr' I i c o) r f( I

t I r I '' I l v %" % q

A n c l i ciii d ir v , ( %7 9 ) p 1 c I -;iI jd '1 t:- i l r r -c* riI -- I. I.I. I

S iI<' i, > ll 1 p 0 I v V ini , ( T o v o k I r i i t p r f dc 11 d h) % , ) r- •
rlg C i 7or 1 ItII I o)r ;i vi decti) it' s o'-icon), on i nvolv n" It
ol n n t r cit ion on i h or ing i g i -;Oint in t .I i k, and oIn in v v- .- -. .'..
n g r 1 ;a x a i o rn o kI n ,  of a c i .ar ttt was r0,iu r ccl at l h "

hi I fw; , oi in t in eac h ond i L on and he dependef.nrt vii ;i 1i 1 %

,or. I eI n u nu b er 0f1 pu ffs an (I t he vol Ime cf aSe s that woe
puffuId per in . Both the anxiety and conc n t rati on condi I ions I

pr duc u, d sin I fic anti [io r e puffs and smoke vol uine than )p
relayat ion. .e

Cherek (1985) found the number of puffs, puff duration,
* and number of c iarcttes smoked were related direct ly to the %
lvel of noise during 2-h sessions when industrial noise vari.,d
f rom 60 to 90 dB The industrial noise was background to a
task that required 100 successive lever presses to increment a
counter and extinguish a light. Smoking was a I Iowed t h roughout,
the session. Highl y significant differences appeared between
noise levels for number of puffs and puff durations by the
sub.jec ts and the increase in number of cigarettes smoked with

r increasing noise approached significance. Subjects served as
their own controls in separate sessions at different noise
levels \ possible flaw in the study was that "All industrial - _
noise levels were presented i n an ascend i rig se q en "e . Thus ("-5. 'I'-"

hi c Ihargesf, . in smoking behavior are confounded wi ti session -.
ord er . fn the ct her band, sub jects repeal ed sessions at the I t
base 1 inu (60 dB) s,ssion until the number of puffs taken per
s icin st a)i I iz(,d and order effects were presumabl minimal.

u bj cI t s a c so f i ri is hed their r e p eat ( d os i o w n f a it O "f"i 6()
d B s ess io n .".,- '-C -; s 0 .-

i n , w a t !litri-sil j(,ct s longit Idinal design to st udv the
f ffcts of strcss< on smoking, in real -world sit uations, Cori wa

o t ai] (981 ) sh. weId Io )a c co c on stmpt ion bv Navy pet tv officers %'%
h o tu ) r v is d t r aiin g o f 1('w r oC r ui t ' i i r1 a(,ilsed on h i g h -, .4 .% ,% %P'

ot rss dav d .-Ic r ir d I o low-stre.s (c ays during the training %. %
Ie (of f( con-s ivIlmpt ic(it < how ,d ;I para I I, cise an , n "1 I I

;I 1c i ;it d w i t Ic h i It - irn I I cw -- 1t -(, i o ds, respect i I (In ,
t h 1h ( 10 r h;Iri (I. F lx ar id C o b ( 1980 ) d i d t i t fi ii ci p e op e wi o1C)IV

o . ,i j Itst I 1( in rr;( ( d i s Ok irn<, is a ccs, i1 i of this io)

It<ss .o dccl (ic I(c b(iv i rig; cc 'r -i <or iat c d wit i j c o s <i hi, ic.'
T j, ,o .) o k.., II

r tXiccc icc! to .ork i' ii 1 s l( It ili l ill( I It4 ' I1 t o 1)1((O (l)l'i11Fill - " ".,.,'V%ott, iiccw..ye
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A AC i d i ii i 11 e:1 d- o i ;I s t r e ill i nl a t i. o n o) n 1 c Co t 1 nl f r Gm '

e the hod v fe r w 11 dl 11 is s o6) oa r ch I as
s h own s t r Os a d i f ii n S~c h ac ht or cet a 1 . 1 977 a n dn

t hais bc et n cIi 1') -( i nl( rn c i d it i c0 t ine( elIi m i n a t ion associated - 0,-
wih itic reased i r i n e i (I t a i u n t s fo()r Llt-e sirss-induced

in crePlSe0 i n S" k111 1 in h-rh Set' to miia intLa in ''normal'' nicotine
Ilev elIs aonr, 00" d (it ted nk, r (Si I verstei n ,K o zIowski , and
Scliacht er I1) 7, c ChIchio v (r st ein, and Per] i ck 19 7 7).''
Do bbs , S tr i ck Ioer, and(' >a xxw I ( (1 't8 i ) al so f ound stress was
re(,Iated ( ( directly ton1 hot h a c id ity% of u r ine arid to the number of
cig a re tt es s m okfd. I itI-h e ir s t ud y, a rel axation training

* reatmnt TI ed to lIess a- id(Ijfv o f subjects' urine and less
S Mk0inc in sbiect(Ids p ite xnos u re t o a stressful situat ion.
H o wever C herek ,lIowe. a nd Fr edman ( 1981 ) aci dif ied urine and

f (le t o f ind( a n i nc.r ea se in cigarette smoking using highly
s ensitive measures of puff frequency and duration. Cherek,
lau-iro n er , arld Fr a uc hi ( 1 9 2) st: ud ied the effect of increasing

the phl of urine (reducing urino acidity) and found statistic-
allyI in i f ic anit r e d11c tions in smoking behavior for fi ve of
seven silb iject s, h)u t the d if fer-ences were only about 10 to 15 -U

Per( ent. B('ilOWi t7 and (IJa coh 198 5) f ou nd a c id loa d ingi nt-
c r esd d a ily iti cot ine int-ake by 18 percent, but their doses of
a-mmoni ui- chlo0rideC prToduced a7,cidification of urine far beyond
those assoc iated with stress andi they did not envision stress- '-

related acidification producing any substantial alteration of

nicotine eliminat ion or any noticeable increase in nicotine
i n tak. G ivefn t hes l-S(Iacer st u dies, it must be concluded that

*~ ~ -acil urndsntadtriato stress-related smoking

uicrements. % %

No alrse arch on the effects of stress on smoking has "%

* shOwn Stress increases smok ing. Glad and Adesso (1976), f or
e,,ample,, did not find wait inq to be evaluated on an oralN.

presentacion caused any increases in smoking behavior compared

*to another condition which involved waitino without the
eva Iuta t i on thtr e at. This wait for evaluation was shown b y%

*suhjective ratings of anxiety to be an effective anxiety-%
1 pr ov o k ing s itu at i on. Glad and Adesso also looked at the effect ,
on smoking rate of having either smoking or nonsmoking confed-
erates present during the waiting periods. The failure of the
stress condhition to increase smoking ocurred despite a sharp%
increast, in consumption of cigarettes when other people were,
prosent who w ,r e smo k i mo

ri 1 i : I I sai

m mo k i n g 1 i i I t; r ,t, bloold plrescsur, and some
0~~1 o0 Ia o ( "h W f or re fe r-



ences) in much the same way that stressors such as threat of .. 0
injury, sensory overload, and important examinations increase A.
physiological arousal. Ironically, these very stressors often
provoke smoking in many habitual smokers because smoking is •
perceived to reduce the stress (see above). This perceived
calming of the emotions in the face of heightened physiological -
arousal has become known as Nesbitt's Paradox (Schachter 1973).

Gilbert (1979) has provided an extensive review of these
"Paradoxical tranquilizing and emotion-reducing effects of 0
nicotine." Although many studies have explored the physiolog-
ical changes with smoking and other studies have looked at
ratings of anxiety and emotion associated with smoking and
smoking deprivation, few studies have studied systematically
both sets of variables. What is more, the direction of the

physiological changes themselves appear to depend on the
situation. For example, in the research of Golding and Mangan
(1982b), EEG and skin conductance changes following smoking
indicated increased arousal in the condition of sensory
isolation, and indicated a reduction of arousal during stress-
ful loud white noise.

Vogel, Broverman, and Klaiber (1977) showed EEG responses
that mimic the flicker rate of flickering photic stimulation
differed in habitual smokers and 'nonsmokers with more "photic
driving" in smokers. In addition, smoking a cigarette reduced WIN

photic driving in both groups. Adrenergic stimulants such as "
amphetamine and norepinephrine inhibit photic driving according
to Vogel, Broverman, and Klaiber and smoking was seen by them
to reduce photic driving by providing central adrenergic
stimulation.

Vogel, Broverman, and Klaiber (1977) viewed the smoker-
nonsmoker differences in photic driving as reflecting a
relatively impaired central adrenergic functioning in the .

smokers that, in the absence of smoking or other central
adrenergic stimulants, leads to depression, tension, anxiety,
and agitation. Nesbitt's Paradox thus is explained by smoking . -.
producing adrenergic stimulation that relieves an unpleasant
chronic adrenergic deficiency. In this explanation, increased .
heart rate, blood pressure, and decreased skin temperature are
only byproducts of bringing the adrenergic system to a more -.
normal and less tense, or, (still) paradoxically, less de-
pressed, state. One possible mechanism for this would be to
overcome the impaired cerebral circulation that has been shown
to exist in smokers (Rogers et al. 1984a, 1984b).

Sedgwick et al. (1981) conducted a pilot study of some
associations between behavioral stressors and physiological %
processes in 12 healthy men. They compared smoking with four
other stressors: heat (I h in a humid room at 42.5 degrees e.-
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('el-,us) ingestion of fat (1 gr of r'ch cream per kg of body
w-ight) exercise (three 18-in periods on a bicvcIe ergometer
with a work load producing a 130-140 bpm heart rate) and

psychological stressors (sexually explicit film, stage fright,
and problem-solving tasks). Smoking produced the least

phyi lo ical change of any of the -ive st ressors on p vsio log- .' -)..
ic a I a riables such as epinep hnr levels, norepinephr iiit(U (-.p.-r.;

Ceve s or i c 0s t er d l eve I s h ar t rate, h o (I pr ( 11 1 , rk s iir

t(er) e rat ur , and cholester o n fart , sm o k k ig d j (I n -)t, p ro (u j c•

a s i ni f icant change from lestin levels for any; of t hese .a
ph vs o 10o i c a 1 va r a b e s . 'Ih i s was i n marked r () n r; t o t h1 %

effects of psy'chological stress and exc r is. The s, ta
indicate smoking is not a particulatr-lv poin t st rssi r, t .
to other environmental stressors anI this maies Xcht '
Paradox less paradoxical .

Other studies alIs o have, foundI phItvs Io gmria I ha inge I,
smoking do not always appear Fiul ,r i n-I !orrest ( 77

measured skin conductance and muscle, l e( tr i 1 1 1 v i t v r %i r"
found smoking did not significant I, cange ties ,,,, :n

U he r r, I a xa i n o r s r e r n (I i ,i ) stI , agh tIh 'r,, , S
tendenc tc lower r-, u t I is in f ( i, F k 1
Fu 1, 1 e r an d o r r r e s i d id f nd i ncrea , a r raa d w t-h r , :'W at I'i.K
(see helow Th rel t ivel smal 1 ebh-ioti;i ( ti es
associat el i th -m ookin a so as Iah V n hi V 1i n (1 1 ,
measured heart rate chaings (urinc oking o a pichi ii t . .
ward and used telem(t rv t() rec rd " Ui rt r nte dlinur , reo nl

"spontaneous" cigarette smoking itor the ten sub ject ob-
served, increases in heart rate during the course of the
cigarett rewere less thau bet s pe in and in no case were ,...***
they significantly• di fferent from ero . Nesbitt 's PaTadox
wou (l iot exi t for these sub j Ct o'ven if th v (I U i ,xi pUr ien(. -

v e : ing ef f ut s w t I m-kin since t ere sas n(1 n
p a r ad ( ox i ( a I i ic r e ,e i n phys olrgic l iiro sal

However, althouigh edgw ick et al . (1981) and F rw in ( 107"1
did not find increases i1 ph'vsiological res1ro nses with smokin, -
many other researchers haIe.1hi s research is describe(I in t h.'
next s si o .

Increases tn arousal with moking ,.

Some of the most convincing evidence smoking is arousin ",
already has been descri bed in other chapters T hC significant
improvement of smoking on the abi i tv to resolve f 1 icker ( g., r g
Wa I Iet r in d 1,f,v ait(I fr I1()80 ha S e<C:,n f reqll,,1t IV TPpl I I ,It (d :-.,- '

Another I in(, of (,id1 n( h t) at smo king i t a i Iul t i t1;1 f ia
oftec v-rc (mIs i d1 i t ts (I ; ohol

visual per e pt in ai n ( )hpr ;1" 51(3( ot pter Ior IanI (e._U C _  Tong-o.
e it a I. 1 17a). lh it r eased a hi I i t v t o p1r r s rap i(11 v

.1.

- . . . . . . . . . . %
eJ r P .e. -.
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pre~~~~~~~~~~~ ~~~~~~ se odipo atoo i ( !t hirce,- ~ i

of ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r su -ucess ,1 n I.os r1 irtr

p rtente inormato, o ar.io at lcis ve Inr e i felxan

ofnd chtI rc ssi kng by smoin g (, q ae nfl rt n -i t on 'iIini
o< e n i e7 - t i n e ) ,- ae a v i r.p1 c r a, i s o k i n n r i c r, A n S

bIi eo r d r at - a n r o e F rrC a k r o ha a e u s o r t :I \ I ;i i pn

le v ElIs of s er umr e pineop h ii nc and ot her ad rena i rr i ral )7 epoi rid s
I ran kenhaeu sEr e t alI . 1008) , and constr i ct i on o)f pu r i [he I

b I no04 v e sse I e . 9 , K or e t a I . 0 80 1 d d i t i r)n I h i 1
st imula it ion o f t he autonomi c-nervous-svst em "e nd or ga ns,

Ti (ok ig and n icot m ne t yp ical l1v pr odu ce e(-f f e cts on "b1)raji n
elIe ct ric alI a cti v it v record ed f rom, t he sca I p w h ich1 a re s iu mar
to effects of stimulant drugs or stiEmulating events. Thesp-
i nc Ilude i ncreases in dominant alipha frequency (Knot t anP.d
Ven a bIe s 19 77) and desvnchron z at i on o)f alIpha (o n r-in 8)
Tn r a se s i n bl 1ood flow to the brain followinrg smok ing ( Fenn-

iIm IlqS,21) alIso augur for cort icalI a ro ul a inC reCaseR P1

PoulI toctn (1977) showed smoking increased h ea rt ra;t e e ve n
snePr he ir h eart rate aT readv was i ncr e a sed byv ncr VousL 5 an t i pa -
i on of a n e -minat ion. Tn f act , s mo k in I a c igaret te irc r acu

tr r - o- ! hc v o t he e a in ti n t e s re o t n

th at i t i ncreased heart rate, on othe-r days when no, examinat io n P *
was imminent . Full er and Forresi (1977) alocomplaredl the
ef fec ts of smoking on heart rate in condi t ions of high arousal
(an x ie ty-el iciting film about industrial acc idents) anid Iow
arousal ( re laxat ion ) and al so f ound hea rt rat e i ncreased wi th e

smo~ing in bothn conditions. %odn n Inan(92)soe
smoingproduced a comparable increase of heart rate in a

sensory isolation setting where heart rate was low anul in a
stressful white noise environment where i t alIr eadyv w as eevait-
ed .However, Phelps an Gerdes ( 1979 ) reprecmkn ro
toQ a S tre(ISS fUlI task increased heart rate, but prevent ed f urt her
i ncreases, in heart rate when the task was presented. O)nly t h is
l a tter is olated result wociulId pr o v ide a he artL- ra te -r elait ed ba s is
for anyv calming of the emotions by smoking.

MlacDougall et al. (1983) found heart rate a nd 1)looun
p r ess u re increased for subjects both ais a funct i on o f s mok i ng
and as a function of pla y ing a computer game wi th s t res-
i nd u ci ng instructitons (''T ry to get the hi glest p o ss;i he
score") Only males were included in this studyi. Vhr'nl
se bjects hothT smoked and p laved the game, in c rease i s bl Ioo d
pressure andl heart rate were, at. least the sum of theicrae
found for g roups rel iving only one or the citiothr "s Itr- r 'r

T heore w as e vid(Ie n ce thatI those, subject s who sh o wd I a rge bo)lood
p res s ure ha nge ,i a: r P!jI o f the g ame alsio o w e d la;ire i

..p

% %



ie a s of . • ig st 1 "

" ~ ~ ~ ~ 1 pa rt i ruI air Iv v l r h + ii I ni d (\']- f!, rl~ 11,)u 1; "-i" ,

onInI i st bn (1 of s o o . ) nuc s sit etr t zl v ;I t I
or tip, ) o ri ; vI r a1 )1 i i 1 ' a ',m ii 1 Iu I jt T. (1 [" t - -,- .

pl e I b r ' wt o 1 o t i.i t ri, ( i1 t

<or {' Mae 1 uid I ef t a I neri 3 t Wi tI[ it'( 01151 h 5 1 (t ;I IIi s I T-
Dond heart a blood pr os sr' (Iihrosiser s V re-mi, dif .-o;vrg,.r

r-nk iy r asn(1 1 a ooit t r f (, t 1 t V(s l liret~ r 't)III t v I Ko

a ] - ri oi II t Ip t t ;I l r f m a e t ,r I j !;, I t 11 f it II f t Ik (' i , al l ;I o

s;i u r w h Ii r ;to I f, d :i I o . ot (,n t i I I n r ,]; t I v j i 1 1 1 [-

s on e, u i na sne r g i tc f e, ct wo r , (I, I it a 1 of f ii T g

(I min Is of he h a r t For o x v cn fron snuB- i t itt st re , v ;w5( I 11 •
d L- d o y g x a i a 1v 1 ll I ct e t i it n t a I ( a ( tt fl m(il ox (I e

(il I d I o(a I t o c a r d i o v a s Ic U I ar ace ^%t

I)tnhrosk i et l . 198 F) f und the t tes<or (r v (i o 1 ane %
not on v inc ra, h eo heart rat, e arid ll i po ,es1 ur1 , i t also .

proid(lod I irp inc reasns tn rat intt.s if t i iime<i ncTis tense
" te r vo u ,, siu ccess l 1 ," and "phvs io <,o ical Iv ahr v Io oi . ' h, -.- ,-.

onlv (Iff,-t of t h e i, likin g in anip itation on the rat i g was s -
small chattge (increase) on the dit , net ion " volvd. I t is s It

e a r wh v s nin o k i n , ii( li p. r n c(iti u ( i a r , e h on' a t go c n t ilt r I I- a tI-
an 1 blood pressur , - ompara l t i lit, v ideo-gaime ta<ik, did not A

prit uite large sut) oct i e :l an ,- > In ih se arotsat l I i In 11ions

ike t iet vi leo -iirm t;sk dii d I t u I d 1) (, t fiat s-m okers h ,o1c on "' .

5o I a b i t u a t oI t o t t e ir s ok ii p - Ii t e d 1 (,;i r t ratIc a rid ( l 1tod - -

) Itcsstlrs u r I I Icu a ss thait I h ie (i ri ot riot ieu ( t -I t. A :h r %

1riss hi 1i Vy i (' the m chani s n for tho(,e in( rroaises is phvs o p-
i I I rnv mu cit more (i irc t t han t hie inc rea s s a , s(I c at od wit ii a ",

s I r e o r s c h a s a ' i vi(I o g pine ( o g itive ( ' I o il i On 0 f a Ii e a r I
rat , chaioe may v b, ii" ;sstri for v r hange in percept i on of
'l Vt Si , n r v ot s , a r o i i , ' t ( ".

lat h , )ier nt r , and Vi sher ( 1983) st tIi foid lt phys io I o. i-il l.
* citanpes i sso iat i'd Witt'. smokin> during an oxt emporaneou;

Sspeak in task i that prot(i d li gd I heart rate tcret es t1tirili a
pr(parat ion pCr i ndan oven larger incrases in h(-iert rate
during the l)res rtat ion. They st rid lcd heav smokers who
r , p o r t e tI t h v s mo k ed fe r re iaxat ion i n t h r oc n di t i on : no
smok i no , sm ok ii p o f a I o --ni t i "i e i p r t ,, ( t) in p i i oit inte ), i-

a nI smok itp, ii ' "h i 9"-i it iii t ( i art t ( I ._ n) . To tt5.
* 5fii koc r s were i tc I itd o il i ri ea i ,rou l, ( it)niD p Si s - weV , 0thul , il

heIrt rate, lod pret > r, sclp I t- nt it n , s tk in rIq S i t, n-

I i e S a i - -Tr a i t A x i1 t v I it vent or v n a ri d t i tf III o-it r

1 (ha %i or iu r i rig t lie [ p() . (l f I wt e t ()ii s)it ew d any -. "v
-gi nrii f ic nt ii fn-rrt ,e d-; fill liiY f -t tn eu1e1l o 1 u1 't (1.ir i ltis :I ,r ...-i
f inct ion of ofttti ip - 1wf htii r i t itt oi ' <1 iii to i p i I

S i p i i i i rt t ,i tn( -r t ii r l:i 1''5 l l1 It-i I i i I 1 i li',i' 11 i•

'. '
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V I the1 ~t Ir 1i iVsio Cii I a1 11 sell - rI t I n 4 v ir i 1) 1e(
0'VI V c ] a a I unct i1) ( l I T re t I Ct es of t he t as k

Ibi5 'Ii C , p ' ra i n, 1 d ti).tn 2 t I i1 1), d u T s e t 11 d i t ren t - - '

silo,< 1v ( i i t ins were icpor t d not C) havet oro duced dii fer-

e, V( .- inn ph vs i o I h i o 1 VI v; I I h coi ll I i : v to e x 1Cc: , iC , ,, .s
tner t (d by Ihe st udi s () N e'shitt (1 1)7 , hi I h,rt and Ila.e.

n 1( )U) ill 0 r 5z i t h1r) hs i s F i I I( t f ii 1 d d i t iv C'

ii't () k1 ~ ikng an d rt s On h( irt l ;t s sC .ilr p ri n' go'v e!.1 a ,.~g;) ( t't a • (1981), leembr, -ski ct a] . (1989), lCulton , .
1 )7 7) ird ot hr s tu dies th)a t ha vet sh o wn ait IeastL ad d it i ,,itLv '."- -- 2

and, in so)me instances ai svnergJst ic (effect where stress an1d
S io k in Io lea t o hni gh er levele th!ia n oci ur f or st ress or smok ing

%
alone (T ie w) rr-iCs that analys es of covariance may have been

u' l i 1nppropr Iate Yl v Hy tll at i . ii(rn( r, and Fisher t o anal yze ,.-C
liho' I d tI~ a I Ill v d i (I n o t f i nl (I 5 i g i) i i i u a nl t d i f f e n (- e C o r

haseline levols l 1)hvsiologi- act ivity foV their different
groupsp, hut still covaried on these baseline levels and %

covaried desplie the fact these baseline levels " tended to -"

be negatively correlated with deviations from baseline levels
durino hoth preparation and speech periods (ital ics added)."
ft is possi11e a great dea! of careful data col lect ion was
waste d that presumably could have elucidated many of the issues
relat ed to concomitant physiological arousal and calming of the
emotions following smoking..

" rai n" elect ri cal activity: Changes in scalp electrit al,
ac t i v i tv ha','e hce n r e I a t e (I t o smok i n p w i t I most studies showing
c h a n e s, ;u h s a a i g h e r f r e ( uie n c y o t a I ph a and more desyn- ,

c h r on i xat i on o f a 1 ph a w h i c h i n di c a t e he i g h t e n e d a r ou sa I e

(( nrin 1980). Frieman antI Meares (1980) found evoked re-
sponses t ) visual st imul i increased fol lowing smoking. Colding "
and langan (1982b) found al pha activity to decrease while

smoking during sensory isolIt ion and to increase during smoking
in a stressful white noise environment. fhe implication was . V
sm o k i n E i nc reased corti a I a ro u sa 1 when i t was low and reduced
arousal when it av;is high. This paral leled their results in the

s aI , x pe r im n t a set t i [Igs w i t h sk i n c ond tic t ance wh i c P are ..r.,-..,.d s' u ( r i ) f d b ( , I o w Z .. -. - .
descr ihed he.ow. % .

Mol1s( Il act ivity': 'lost musculair ref lexes and other muscular -

a c t iv i I v a r e r edu ed f o I I owing smoking (see below) lloweve , '

the ampli tude of finger tremor increased sharply at all 1'-
frequencies fol lowing ci-,arette smoking ([ippold Wi IIi a s. and '

IIi [son 198(0, Sh i f frman et al . 1983) and these recent t t 5, 1 t '
II Si TI )ophist it 11,(-d frequen y anaIvlys es suplpF))o t nilmor (oh,' s tld i es,-

t ha t t hav ( found pIer- oanid e on tasks reqiti r ingI, st e di i s of
ha:ind to P, ) i iip red biy s m oking (flul] 1 24) Increa(,(ed I FLeml

as in, r ea s rd Ii '' 0 dah rl i r ,tn ' 01 lie t)n, It l i ) 1 , IIi ange s.
C) 5, , i a t (,I d wk i I Pt) 1 i ii -

A A A, - ' .
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iagersLrom and (;utestr ,, (197 ) toun tonist a Iium l,,s at ..

t he b a c k o f t hc it c, k t t at , r v () I v e d in hI d i n e t d itd
u 1)pr ght inc reased wit h smiok i ng o i a hi li-ni cot i ne ci i'i ret e

I. 8 mo a nd i n c r rs d I- u d n (I V , "v l ie It C Wa S s a k ed r a ) i d I•
11 le t )nu ls oli t h ese M~ LleSCICSs sli0oseCd nl ifsii i (in t dle(I line1

during the sinok ing of Iow-,i i ot i c i garet e (. g e) tt;I

Ru:-sel ] ,I pstein, and Ericks on ( 19H3) f0uL11i mdslli I
electrical activitv recorded froi the forehead ini iaII v
in c rea a cd a bo v e ha s e 1 ni e o v w I o 1 a It i (g h L e v y ; mki o k n , bu

Lt en de( i e ased sharp I v dur i ng the 1 . Ki g p C r 1 d h r e
ci r arc t e s oit he regil I a r bra ird d u r iii o a 2 ()-i i n )e r iod ) rodi
L e n d d t () r call i o w du r i ri a ub;ol'(tCit lSt iressor" ir ed i,

mciwl arithet ic. llwver, h eart rate iIncr aseud sigi i i aIt I
f fr0Mi h sol inc dl, r ril( the smokin g periotd (75.2 to 95 heat. - ar e(
nunutu f and rc ;l nid abovu basel ine during the mental I lit h-
r'I e t i t S~ ki i c an d Li c L a ir c e a I so i n c re as ed s i g n i f i ci-a n t- I v f r o m
baot in' duri in' the sInoking per iod and remained above )asel in
d u t 0 i i (nt. a r iti thrret i c La s k. Thu s , desp i te t lie drop n o) i
rnus I ,l tribal activity duning the smoking period, the ef-. ".'

t I C, I a ctvol d ng t hh s itudy, appear to be pr i mar i 1 vt
l i ii i s t L d

./o

L'pst ein et a]. (1984) found the magnit ude of muscle
elect rica] activity (DII) associated with a "maximal forearr e.am- i P%

flexor contract ion " showed large differences bet ween deprived
id riondcpr i ved smokers ani a l so as a f unc t ion of high- r1r sa] I '

a nl 1 ow- a r ocr s a I a i t a a t i . igh a r ou s a i a on c a r r e n t e n t a -

ai thmet i: task) sharpIv reduced the iniagnit ride of tills contra-
t ion (or at least the ENG associated with it) compared to a
relaxation c ondition. Smoking and th e mental a ithet ic task
b ot II s ha r p I v r e d u c ed t he man n i it ud e o f this contraction i n hot l-
hioh-arousal and low-aronusal (ond it ions for iaale smokers ind in
h I ow- ar o c sa I cIton di t i(0 n r f -, ma 1 C - k:e; r a. 1L houq i -

was. not the thrust of the resiarch report , th i pl i it jil %
that both s Ioi oik in>g a id t Ih e me in t al i r i t Iimct i c t as wk w e a e i 0 - s o i . ,."N

Surprising] y smokers ()espe clai I when depri ved) produced
Shi her maix ma I coit ra t. irins (as rieasured lv '1MG) than nonismo - - -

r s a rd t li i s W o u I li i Iip I v t 1 at smoker s wer e e ss a r o setd t ha -r,
1i is1ns oker. However, this does riot jibe wi thr most results
comrnlari rig s;mokers and nonsmokers (see below). Given the lare
dIfferences bLween deprived snokers aind nondeprived smokers
arid the large differcnces betwee.n smokers arnd nonsmokers that ' ..

W(' rc f o u d i a It i s s t u v , o r I a 1i i t Li d Coi mi a x ii al ir t r ict oil C.

u it uor ra Ic that other eIi rtes tif t he t rn,, I I of "-

it I- ir t( t i ii t ,t t' tr I a : Ii.: we r i ii t i n c i d( ,( .

k 1i it (l rii i I ( P i lltil r s r iro :hcsi ... i ,!h ""
u n ( (:t i 1n I (t I it e ir I o .i , . iii i it i i i i I

< iml l, l 'I i to of sI moking ,ii s11 ii el ctriil 1i!iiio 1, I tiii ,' 11,ni -1 I-
1-r - ;lr i it r h :-w ( i c T/1 _,1 h1 ,v , h) 't l [It ' t I ". l ,I I I i ] i' t i1ll ' ,) 1

% %

%\. %
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researchers. Smoki ng- inrduced inc reaises i n sk in c on duiictain ce
were found by Ague (1974 ) and even nonn ic ot i n c ig a rt t es

produced some i n cr ease. However, thle i nc reases oc cur red

1)r ed 0111inaIn11t IV i n atf ter-n o on S e ssi n11S w ithI I it I It cliangf. i n s k I n
conductance associat ed wit h smoking in I-he morni n g. h is%
i nd ica ted thle ef fec t was no t pa rt i cu IarlIv, p owe rf ul. GolId in o

a nd la n ga n ( 198 2hb) f o und( i n sensory s ofa ii'on t le ef fect of .f

sm o k ing wa is t e i nc re a se t he level oIf ski n c ond u c ta nce and I- even l
sham smokinrg produced a small in cr ea se. However , as w i 1I b e
d e sc ribed, most st ud ies have shown reduced skin conduct iou

* f o 1 I ow i ng iii o k i n g . I t app ea rs b)a se I i n e le velI s o f s t i mu iiat i on
zi and ass oc iat ed iit i alI a rouLIsl lIevel s are fac tors dlet ermi n ig

*whether sk in conduc(ta n ce i s in c re a se(I or d ec r e as ed by) smo kinItg,
uLI i ke f or h)eariI-t ra it e, where (,Ievat i on wi th smoking reIi a bly
o c c ti r s c egol r d I e, ss o F hias e 1 i ne I e v e 1 S.

fltlher ph's i oIo g icl aI n d behiia v io ral p r ocesse s: T he i n cr eas ed(
(lurat ion of thle spi ra1-3 f te r -e ff ectI fol lowing smoking found b)y
GolI (I i rig and Mlangan ( 1 9' Z a ) wo u Id i n (l i cate smoking increased .%

* ~ ~~ a- ro u si I g i v enI e a r I i e r r-e se a r c h o n s t i mu Ii an t a nd d ep r es sanat (Ir u g~.,
ef f e cts o n t h is p)h e nomn io n . Ifo we v er , Ihese same sub jects '

shcwed smokinrg ef fects on ski n conductance that, inrd icate ..(
r ed u ced ar ouIs al I One explanation offered to account for t Pieso
apparent. contradi ct ions i s smok ing hel ps wi th inbiibition of
irrelevant or irritating stimuli, but reinforces those stimuli

o whi ch at tent i on i s di rect ed.

Vest i bulair nvstagmus refers Lo the i nvoluntary eye
movement s t hat occur when a seat ed person i s rap idly rotat ed in N

he (lark. Th e e ve s t yp ic aIIy "f ol lIow" the unseen externalN.

* worlI(I ( slow phase) and then raptid l turn back ( fast phase) t o
s t art t h is slIow pha se a ga in. Ti P hI i iig an d llentriksson (1968)e

showedI smok ing produced a dramit ic change i n vestibular

n v st ag11MuLI p at t (ur ns i ri d i caIt i rig i nc reasedl cenit calI ara l od10f t lie .

* sub)jccts. II mo k i ng ca us ed a mIIu ch moir e r-ap1)id i n te rruLIpt io0n of1 th1e %N
slo w 'trac k inrg" phase , nearl Ivlouliiig the f requen'Icy and

li* ha v i n g t h e am 11 I i t od(Ie of t h e e y e mu ovemineni t S tic Che f f ('c t beganl 4 -

t o 1(0 s af t er s mo k ing a itl lIas t ed for severalI min fol lowinrg

smok ing. S ubs e qu ent research (Ti loblirig 1969) showed injected
n ic ot mne produced a s im iIa r e f fec t anitd elIe va ted cariI-box ybemo -
glIobI inI from smroking, nicot ine-free cigarettes did not r o(1 (I u

the (2f c t nor (Iid(,I elevat ed l evels,- of carbon dIi oxi (de.

1 eksi e t ) , e i b iI, n v s t a gmi m ' imius w i t Pt smo ok i rig tha might ;u -

1 e 1 i 11e ec C I i onT t t a r gut s t Ro 1 h1e I i c l t erI-s a iiiJ o t Ph I . -
4)/ v I Ii g I i cI e s e C h' e) ( 1 r m 1 2 ''Needs; l or add i m on a I m i rea h P
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Smokers frequently claim smoking calms their emotions. "'''
For example, Ague' (1973) found "inner tension" was decreased 0 0

"%* 0

following smoking with the decrease related to the amount of % .k., e 4

nicotine in the smoked cigarette. Nesbitt (1973) reported an P 1 . €, 1_

unpublished study by Ikard, Green, and Htorn (1968) that _.-,,.
indicated 80 percent of their sample reported their smoking was, 4-, .,
relaxing and 75 percent disagreed with the statement that
smokino a cigarette was stimulating. Linn and Stein (1985)
lorked at extremel heavy smokers and found most reasons g ve

for smoking were wt t deress reduction. the amount-of

n omerlea Turke and Fertig (1984) looked at anxietyda
associated with an anagram tak (that already had been failed.
at least once) as a function os smoking a zero-nicotine or awa

regular cigarette prior to the anagram task. Anxiety was.- ,--,
measured wit the Spielberger State Anxiety Inventory immedi-

ately before and after smoking. Significantly larger drops in >' .

anxiety occurred following somking of the regular cigarette '_,,,
than following smoking of the zero-nicotine cigarette.
Subjects were heavy smokers who had only been deprived of gi
nicotine for 30 min prior to smoking the regular or zero--.

nicotine cigarettes. %,,.,.

' .. .- ,

Muscle activity: Smokin and nicotine from nonsmoking sources
have effects on skeletal muscle activity that may indicate less
arousal or more arousal, with the difference largely depending
on the muscle system being investigated. The knee-jerk reflex
was found to decrease after smokin (Domino and vre Baumgarten
1969) with a corresponding decrease in phasic electrotyographic

activity of the associated muscle. this change began about 30

s after the first puff and continued throughout 4 min of

smoking with the greatest decrease in knee-jerk reflex oliscrvedg,-.,-
during the first min of smoking. The amp itude of the knee-,

jotk reflex remained depressed for a period of 30 to 120 s
after smoking ceased, then gradually covered. The rate ofc
recovery was greatest during the first 0 tain following the end
of smokinr, wmor rosl, wit tude returning to control levels
25 tin after the end of smokinsin all but one of 35 cases.ex
ea vy smokers tended to show the largest reduction in the n

r e f ex .d e..i

Cs ark and Rand 1968) aIso found a reduction in the k noefe-
jerk ref1ex during and following smoking, with the knee-jerk o
returning to normal within 5 in of the end of the smoking

1a r d lg cese, thn s g dally p iohthe ra ofc

recver wa grates drI the firse ct 10 mm fol loin th ht- 0ke end 1

1i ,sttidv o fr the e nd R ind, On trary to the r 3sult5 of Doo
vlar iarl garten (1969) and it is aot cle r what produced

hi i d i ofrnie rC,and Rnd, oot r r to the resultsc o usDom i
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the decreases in m 1 tit 1 ' It . ;:. o 1I ,i i ] ' " '.l )1-" 1. o

aversive stim lat ion o - i t v l,? , .- ) I,:, .I-(I \ u,
e i t h e r sm ni o i Pi i i '- v1 , Ti r) ii I tI o( 1 1 !i I t- I I 1

nicotine (1ii: liin o n i mI d .' 'u ! 3). Il lt ,' c'1' v I ,-'I. :
(1964) found a1'-h1 p rduc ion n in a.p I t 1 I 0, !, 0 - 1.-

of a cigarct t c. a a , at i < v a :-po< 1 ic V;

Skin condicr nce: G 1 ,1-rt an' ( i,:en ( 1 9 o w(1'' -411

condactance during viewing of emotioc,-prodoc ,' ere;o ,a> u n
lower when a hi Ph-ni'-nt inn e, rt+c s' S pric. tI % . %..'

viewing the cC ne than when a 1ow--ni cot ine c gare tte e .

smoked. This was true despite the heart I-ite being hiPh r in
the high-nicotine condition than in the low-nicotine condi .

tion. Mangan and Goldino, (1978) reported habituation of skin :'" .
conductance responses to a series of tones was much fast er

after smoking a single cigarette than in a condition without
smoking. Golding and >angan (1 9 82a) found smoking, reduced the
number of spontaneous f].uctuacions in skin conductance, s 1 -eeded
habituation of skin conductance responses to q repeated tone,

and also reduced initial levers of skin conductance. These A

effects tended to be more pronounced for a 1.3 mg cigurette S S
than for a .6 mg cigarette.

% %

Similarly, Golding and Mangan (1982b) found skin conduct--

ance responses (SCRs) to bursts of loud aversive white noise .'. '.'.'.

were significantly smaller both during real smoKing ann durin- -" '*

puffing on an unlighted cigarete thar in a control c-undit ion * S

where no cigarette was involved. Differences in SCRs were no! .',.- -

found between real smoking and sham smoking. .-.

Boyd and Maltimtii (1984) found skin conductance cc> pocis
during audit orv choice raction-tine tasks (w ith rI'spon>,s m(:t)n1;.d
via foot pedals) were si.gni f i-cantly sm l I r fot low;n g >- )oK-1 11
than fol]owing abstinenc. However , spon taneous C , du . _ .
rest were larger fo lIowi ng smoking than fol Iowing absi i , " JI-. - -C",. .'A d ° -,

at least for the group of "high craving <caiokers who w,_re !1o
bothered when not smoking. This would appe, r to 1)aral ]el t h c
findings of Golding and Mangan ( Q,2b) who fouind reduced -I, in
conductance responses -a f --r smoking durig )xpot-u Ie t o :i' '' 6
noise and increased responses alter smoking in sonsor' >olu ..

t i on .

Bovd anitd Ma 1 t zO,-.t (]1984) foui d hiph rCav, n p smo ,'-i s ,i ,, !- .

differences; n in (oaol'lctance responses fo I hr t \, 0 0;;i n- "

% %
enc. e S I-

o ther re - ,(; '']r ,, ,] ' 1 ,, " i J ia ,, m ;: ' ' , '- '" " -
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,- ',.? %-"

othe r.'..'-- (.-'...v.'.'.a- ~ i -. '1. ' •. . .- -m . . . . .• •
%* S*

%~ ~ *9.%,',, -- , " "'''. % %%,%. -., .;,,€'X,..,,-..-.: ..,,-..-.,-, -. . , . .. . . .. ,. ..,.,.,. .. . . , ., ,,, , ,,,.. .-. .. .. ..
i , , ,.,,._ t. ..,., ,r,,,, ,,,..,,, , . ,t_,,, ,. .. . .. __._ ... _ _ ,., 

o
," ,,,... . , . .'. ,. t ,,, ,..%4%, ,, ,,j.,,," .,.",4'.-' '% '%€--



• €4.mJ d .w~w' w' ., . d. -....*_' ." ' -".-.*. ....... . .- .- .... .. S : ,

". .- S.. -"

obsessive compulsive states and anxiety. Povd and Maltzman
admit this explanation of the -,ubjective calming with smoking
is speculative. They also do not provide an explanation of why
increased hemisphere activity would influence skin conductance S S
of the hand on the same side as the hemisphere given that hands
are normally controlled by the contralateral hemisphere. ,

"Brain" electrical activity: Golding and Mangan (1982h) found
smoking increased alpha activity recorded from the scalp during
a stressful white noise session. Increases in alpha are 0 0
typically a result of a reduction of arousal. Other evidence
of a depressant effect of smoking on cortical activity comes
from Friedman, Horvath, and Meares (1974) who showed subjects
much more quickly habituated (did not show EEG changes) to a
repeated tone after smoking than in conditions without smoking
or with smoking of a nonnicotine cigarette. A later study of S 0
evoked cortical potentials (Friedman and Meares 1980) showed a
similar reduction with smoking ot EEG responses for auditory
stimuli. However, as mentioned, cortical responses to visual
stimuli were increased by smoking in the same subjects. The e"

results suggest smoking reduces arousal of the auditory system,
but increases arousal of the visual system. Pupillary changes 0 0
were discounted by Friedman and Meares as an explanation of the'.
higher responses to visual stimuli. However, smoking does
increase the diameter of the pupil (Roberts and Adams 1969),
which would increase the amount of light entering the eye and
effectively increase the intensity of these visual stimuli.--
Intensity does increase the evoked response as is even shown by 5 0
the increased levels of response as intensities increased in , .....

the study by Friedman and Meares. Increased macular blood flow
(Robinson, Petrig, and Riva 1985) following smoking also may
contribute to the differential effect found by Friedman and
Meares for auditory and visual evoked potentials.

The contingent negative variation (CNV) is a shift in the
level of scalp-recorded electrical activity that occurs between
a warning stimulus and a response stimulus. Ashton et al. -
(1974) found the stimulant caffeine increased the magnitude of
the CNV, the depressant nitrazepam reduced the CNV, and smoking
produced increases in the CNV for some subjects and decreases I S
in the CNV for others. The changes, though in different
directions, were significant for individual qubjects. It was
suspected different CNV changes for different subjects were the
result of different doses of nicotine related to more or less
puffing of the individual subject. In a later study, Ashton et
al. (1980) presented nicotine intravenously and found low doses I S
increased the CNV and large doses depressed it and this
supported the earlier interpretation of the different effects
of smoking on the CNV for different subjects. '-' %

v P,' .'
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Other physiological processes and behaviors: Itarter (v 1 1 ) .

found smoking caused changes in tie way people observed three .. .
differenL sources of signals which had different probabilities,
of the signal appearing. Previous research using this task ha • ,
shown increased arousal (e g., from a noisy environment) ,.,%..

typically caused people to increase sampling o the higher

probability sc 1vte and (lcreased arousal ( e .- , following sle p
deprivation) caused people to increase sampl ing of the lower
probability source. Hartley found smoking either one or two
cigarettes before this task had the effect of causing subjects
to select from the lower probability source, suggesting smoking
caused a reduction in arousal.

Tobin, Schneider, and Sackner (1982) found smoking . - .

produced a slowing of breathing in some smokers and subsequent
research (Tobin, Jenouri, and Sackner 1982) indicated the
body's natural opiates or endorphins were involved. This
depression of the respiratory center and other effects of
endorphin production may be another key to the frequently '" /
reported relaxation following smoking, despite the heightened -
heart rate and other increases in physiological responses.

Arousal increase or arousal decrease with smoking? %

On balance, an arousal decrease with smoking appears to be ,.-4
the more dominant finding with more physiological processes
being depressed than activated by smoking. Heart rate changes
with smoking were almost invariably increases, but the in- "" "-
creases in heart rate with smoking do not appear to produce . ..
subjective arousal changes or to be accompanied by subjective -

arousal changes such as those which occur when heart rate is
increased by a difficult task. The smoking influences on sub-
jective feelings of arousal appear to be primarily relaxing.
The exception may be the situation of sensory isolation where
arousal is at very low levels and smoking is a major stimulus
event. However, despite reduced physiological arousal and %

reduced subjective arousal with smoking, the higher critical
flicker frequencies following smoking, smoking's countering of
depressive effects of alcohol, and the improved information
processing and vigilance following smoking, all indicate the
brain of the smoker usually is working more effectively follow-
ing smoking. Nesbitt's Paradox which relates to heightened
physiological arousal and subjective calming appears also to
include increased cortical efficiency and subjective calming.

Smoking and tolerance of pain

If smoking reduced arousal or emotional ity, this might
increase a person s abilitv to tolerate pain. Ho wever, smok in, *

99 %~V
~%,," *45 44,

C . - .
I 

-

..- A N

-- -' .-. .-. ' 'o . " ",' '. . '.,,• ','% .. '.%' . .' % '. ". '. '. % % % • ". "- ". "." % - % % ...- - - .. ,'



% J , I

could be analgesic even without a change in arousal emotionali-
ty. Nesbitt (1973) defined emotionality as low tolerance for
painful electric shocks and found deprived smokers were high in
"emotionality" by this definition since thcy stopped a series I S
of increasing shocks at an early point in the sequence.
Smoking of cigarettes reduced "emotionality," i.e., increased %

pain tolerance in these formerly deprived smokers. High-
nicotine cigarettes increased pain tolerance more than low-
nicotine cigarettes and heart rate increases with smoking were
positively correlated with increases in pain tolerance. Nes- I S
bitt also found nonsmokers did not tolerate shocks as intense
as those endured by nondeprived smokers and concluded smoking
did more for pain tolerance than just to eliminate nicotine-
withdrawal based arousal that reduced pain tolerance. However,
smoking nonsmokers did not tolerate more pain in the study by •
Nesbitt. This was explained by the dizziness and upset
stomachs smoking produced, indicating an already higher
"emotionality" for the nonsmokers.

However, Silverstein (1982) found no difference in pain

tolerance between smokers and nonsmokers despite replicating
most of the other results of Nesbitt (1973). Silverstein I •a'.. . 1
interpreted his and the Nesbitt results as reflecting a
reduction of a smoking-deprivation effect with smokers "seeking
nicotine rather than relaxation" and thus their increased pain
tolerance following smoking was not a true reduction of .- "
emotions with smoking. However, smokers of high-nicotine
cigarettes did require higher shock levels than nonsmokers _ _

before they reported shocks were painful. As Silverstein -. [
notes, "It may be that at the very low levels of stress
represented by the pain threshold, nicotine exerts a calming
effect."

Shiffman and Jarvik (1984) attempted to replicate the 0
results of Nesbitt and Silverstein. Shock intensity was
similar, but their results differed in many respects from those
of both previous studies. Nearly all subjects were able to
endure the whole series of shocks so the endurance threshold
that was the major dependent variable in the other two studies
could not be used. For the (lower) threshold of pain, which
was reached by all subjects, smoking and sham smoking produced
no differences. An anxiety scale completed after each session
also showed no differences between the smoking and sham smoking
conditions. Finally, where Nesbitt found a positive correla-
tion between heart rate and ability to endure pain, Shiffman
and Jarvik found a significant negative correlation indicating 
high heart rates and low pain thresholds went together.
Nesbitt's Paradox is absent since high physiological arousal .'.
accompanies high emotionality. Several differences between
this more recent study and the earlier two existed. One key
one, which Shiffman and Jarvik emphasize, iq thm ere automated
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procedure in their study which reduced subject-experimenter *.., 
-

interactions and the possibility of experimenter-expectancy
effects.

.' ".'"1
Schalling dild Waller (1980) provided little description of

the methodology of their study, but reported male smokers C.

increased their discrimination of the magnitude of different
painful electrocutaneous stimuli and also increased their
tolerance for such painful stimuli after smoking.

Wa ler et al. (1983) attempted to replicate the Nesbitt -.- 9 I
(1973) study and included a condition where heart rate changes .
with smoking were blocked with a beta-blocking drug. Smoking
with or without beta blockade did not change either pain '.r. .
thresholds or pain tolerance levels.

However, Pomerleau, Turk, and Fertig (1984) were able to
replicate the Nesbitt and Silverstein (1982) effect of nicotine . -
on smokers, although instead of looking at pain and pain-
tolerance thresholds for electric shocks of increasing inten- V'P"d"-"'w
sity, they looked at the time subjects could keep their hand S
and forearm in ice water (pain-tolerance threshold). Subjects
also were to indicate when this first became painful (pain
threshold). A within-subjects design was used with this "cold-
pressor test immediately preceded by a regular cigarette on
one day and a zero-nicotine cigarette on another. Five heavy
smokers participated in the expetimeit and each had smoked his S
regular cigarette 30 min prior to the cold-pressor test, making
him minimally-deprived" of nicotine. Pain thresholds were
elevated significantly following the regular cigarette compared %
to the zero-nicotine cigarette with an average 77 percent .
increase in time before pain was indicated for the regular
cigarette compared to the zero-nicotine cigarette. Pain S S
tolerance thresholds did not differ significantly, but were
higher for four of the five subjects following the regular
cigarette with the fifth subject maintaining his arm in the ice
water for the full 5 min following both cigarettes. Since "
smokers had been deprived ot nicotine only 30 min, Pomerleau, \/-... %
Turk, and Fertig saw the effect as being a nicotine-based S •
increase in pain tolerance and not a reduction of withdrawal
symptoms. However, these subjects averaged nearly a cigarette
every 30 min in their regular smoking and this conclusion is
debatable. Also the half-life of nicotine is only 12 to 15 min
(Sepkovic et al. 1983). It is unfortunate nonsmokers were not
compared to deprived and nondeprived smokers on their cold- 0 0
pressor test.

Perceived exertion may be thought ol as one form of pain
arid perceived exertion also appears to show changes with %
smoking. Morton and Holmik (1985) obtained ratings of per- .1
ceived exertion once per min uuring treadmill testing in a S S

101.-.-
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study of the effects of smoking on maximal oxygen consumption .
in elite team athletes who were smokers and nonsmokers. No
differences appeared between smoking and nonsmoking groups in p 0

perceived exertion, but perceived exertion was rated signifi- .'.

cantly less at certain periods of testing following the smoking
of two cigarettes for both smokers and nonsmokers. This %6

reduction in perceived exertion following smoking could allow
more pain tolerance and harder efforts following smoking
because of the antinoceptive effects of nicotine and might
counter COHb or other smoking-related performance limiters.

:..- .,.. :

Smoking and tolerance of fear and other stressors

Research on animals has shown nicotine reduces fear
leading to improved avoidance of electric shocks (e.g., Hall
and Morrison 1973) and also leading to increased exploration in ,
novel environments (Battig 1981). Although many of the
observations -f increased smoking in wartime and in other
stressful situations which already have been described can be
interpreted as attempts at fear-reduction through smoking, no
scientific studies were found which looked at smoking and fear
in humans. Ethical considerations appropriately restrict the
imposition of fear-arousing stimuli on humans and this undoubt-
edly is one reason no such studies exist. In addition, . "-
collection of research data is not a prime consideration in 10J.
fl tl)! 1 di'a ters. comhat situations, and other dangerous ,

situations where fear is endemic. A partial way of meeting the
need for research on the effects of smoking on fear in humans
would be to obtain information on the effects of smoking from
people such as combat veterans who have smoked or observed
smoking in fearful situations (see Chapter 12: "Needs for
additional research on smoking and soldier performance").
Another (admittedly "far-out") possibility for obtaining data
on smoking and fear would be to find television camera news ..
footage showing men in combat, civilian hostages, or people " -
exposed to other dangerous situations that illustrates changes
in performance or changes in facial expressions or other o-..*
outward signs of fear in smokers following the lighting and
smoking of cigarettes. ". .. ..

Ague' (1973) found smokers smoking high-nicotine cigar-
*ettes gave higher ratings of the adjectives "refreshed,"
pleased," "lighthearted," "relaxed," "happy," and "joyful"

when describing their mood than smokers who smoked cigarettes ]
with low nicotine or no nicotine. These smokers had gone
without cigarettes for 8 h prior to smoking and these differ-
ences in ratings undoubtedly reflect reduction of unpleasant
-:iroki n g-w i t hd rawa i e f f ec t s

i im t ra (197 ) reported measures of mood made before and

102 % 0f:S;
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after a series of five arduous vigilaince and tr;cking task ..
Smokers allowed to smoke during these tasks typical ly reported
fewer and smaller shifts in mood than deprived smokers and non- p S
smokers. The manv studies that have shown nondepri red smokers V

to outperform deprived smokers and at t imes o (,ven oit per t n rm
nonsmokers in long vigi lance, react ion -time and othei tasks -
probably reflect the better m o lod of n ond c Pr rev e (I smokers i n
these situations as much as any hei ghl ened capac it v for '. ' -.

performance. I 0

Aggressiveness chance s with smoking anI nicot ine in jCe t iio T! " '.-- %

In both man and animals, smoking and nicot in inje t ions . . .

have led consistently to a reduct ion of aggressiveness. 0 0
Rodgers (1979) and Driscoll and Baettig (1981) showed small . ".
doses of injected nicotine reduced shock-induced fighting in
rats while not altering shock sensitivity or depressing
activity. Hutchinson and Fmley (1973) made a similar finding
that nicotine reduced biting induced by electric shock in .

monkeys and also reduced jaw clenchings induced by aversivelv S

loud tones presented to humans.

Cherek (1981) studied the effect of smoking on human
aggression and found aggressive responses in each of eight
smoking subjects decreased if experimental sessions were
preceded by smoking of two cigarettes. Subjects performed a I S
reaction time task that accumulated money. Random subtractions .
of money from their total were attributed to another "subject"
who presumably was pressing a button that took the money away .. %"
from him. The subject could press a button and presumably take *- -

money from this person, as well. Aggressiveness was defined as
the number of such money-subtracting responses. These re- I S
sponses were much more apt to occur when subjects did not rm-ke
in the 30-min period prior to the experimental session than
when smoking of two cigarettes occurred prior to the session.
The effect was related to nicotine level of the cigarettes. In
seven of eight subjects there was less aggressiveness when the
cigarettes were high-nicotine (2.19 mg nicotine) than when they I 0
were low-nicotine (.42 mg nicotine),

Schechter and Rand (1974) used the "Buss aggression-
machine" in which subjects punish their "partners" during a
learning task when they make errors to "help them learn fas- l 

' 
. -

ter," and where the number and duration of these shocks Is the . _
measure of aggressiveness. They found smokers had higher
aggression scores when they were deprived of cigarettes than
when they smoked. They also compared nonsmokers with nonde- e e.,
prived smokers and although nonsmokers had a considerably
higher aggressiveness score than nondeprived smokers, this dif-
ference between the two groups apparently was not significant. I
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ing to assess anxiety differences between smoking and nonsmok- % .1

ing subjects of the Ek et al. study now.

Conclusions and military implications

The short-term calming effects of smoking suggest some
form of nicotine administration could improve soldier perform-
ance in those situations where soldiers are so frightened or p
otherwise aroused they "freeze" and cannot even fire their %
weapons. Should research confirm that nicotine can improve
performance under these circumstances, smoking may not be the
best battlefield solution, particularly at night. Nicotine
tablets, nicotine aerosols, or any other drug-based calming
also is probably fraught with problems, however, and research p
is needed to identify possible health, addiction, and other
problems that could result if hese forms of nicotine were used
to alleviate stress. Still, the life and death consequences of %,.-"

an overarousee soldier for himself and his unit might justify 
nicotine or other drug interventions. These consequences
surelv justify the research that is needed to examine these 0
possible means for countering anxiety-induced performance'
de f ic it s.

The smoking-induced decrease of reflexes and other major d.:,2,,

motor activity suggests major muscle movement (e_., flinching)
may be reduced in shooting followiig smoking. The smoking-

.- °. - '

induced increase in tremor of the hands suggests fine control . -.

of weapon pointing would be impaired following smoking. A
possible net outcome would be good shooters would reduce their
performance and poor shooters (at least, those who flinch) .
would improve their performance after smoking. Research on the
effects of shooting on smoking is recommended in Chapter 12: :0
"Needs for additional research on smoking and soldier perform-
ance" at the end of this report.

The short-term calming effects of smoking appear to lead
to long-term higher levels of arousal and nervousness in %
smokers. MIore research is needed to establish this probable I 0
effect, but even without additional research, this strong
possibility could he exploited in smoking cessation programs .
The large number of smokers who smoke to calm themselves should
be particularly interested in "net smoking" in ,order to real lv
calm themselves. .

• <-. .,
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Chapter 7

Smoking-induced hormonal changes

Hormones have an immense influence on growth, sexual :01 %

maturation, mood, arousal, behavior, and even on mental proces- ,% %

ses (Sawin 1969). Smoking reliably stimulates production of ,.0%-%
nearly a dozen hormones. Production of other hormones, e%
including the major sex hormones (testosterone in males and
estrogen in females), appears to be reduced by long-term ... :
smoking, although conflicting results exist for testosterone. .. -
Many of these hormonal changes occur within s or min of ' "'--'"
inhalation of tobacco smoke and most appear to be related
directlI, to the nicotine content of cigarettes. In some :.
instances, the acute effect of smoking is an increase in
hormone production, but the long-term effect is a decrease (see
results for prolactin below). %

Many of the reliable effects of smoking on heart rate, -

blood pressure, muscle tremor, etc., are preceded directly and
caused by rapid smoking-related changes in hormonal production
(Burn 1960, Carruthers 1976). Also, it is probable that
hormonal changes resulting from smoking may provide much of the
"reinforcement" that causes people to continue to smoke in the
face of indisputable deleterious effects on health (Chernick
1983, Karras and Kane 1980). However, this separate section on
hormonal response is included since knowledge of smoking- 0 S
produced changes in hormones, combined with our knowledge of
the effects of these hormones, may help us to identify effects
or potential effects of smoking on soldier performance where
the performance data currently do not exist.

Test os t rone

Test osterone is the major gonadal hormone in males and % %,-%
many of its effect- on health and behavior are fairly well
understood. Although there are contradictory findings related '-

to both long-term and immediate effects of smoking on testos- 0 0
terone production, testosterone production may be reduced in ,

habitual smokers. This was clearly shown in research of
Shaarawv and Mahmoud (1982) who found serum testosterone levels
in smokers were only one-half the testosterone levels in
nonsmokers. Urinary 17-oxosteroids, which are metabolic by-
products of testosterone, also were sharply decreased in 0 0
smokers relat ive to nonsmokers which suggests it was not just
more rapid clearance of testosterone by smokers than nonsmokers ,
which caused the difference. In addit ion to the testosterone
differences, sperm count and sperm motility were significant "v
I ower f or smokers tI han for nonsmokers. Unlike infert i 1 e

1 0
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subjects in some. studies of gonadal hormones, the 25 smokers

and 20 nonsmokers selectel for this research by Shaarawy and -
Mahmoud all were free of hormonal or fertility problems. Each

had fathered at least two children including one within 2 y of

the study.

This result of Shaarawy and Malimoud supported earlier

research by Briggs (1973) which showed plasma testosterone
levels were significantly lower in heavy smokers (5.15 ng/ml)
compared to nonsmokers (7.47 ng/ml). Briggs also found
abstaining from smoking for 1 week caused a sign~ficant rise of
1.65 ng/ml in plasma testosterone levels of the six smokers in
his study. Mellstrom et al. (1982) studied 70-yr-old males and
found smokers had a higher ratio of estrogen to testosterone
than nonsmokers and this result also may provide support for
the results of Briggs and Shaarawy and Mahmoud. Still further
support for Shaarawy and Mahmoud and other studies showing a
reduction of testosterone with smoking comes from a study by %

Mittler, Pogach, and Ertel (1983) who measured testosterone
levels of beagles that inhaled the smoke from 12 cigarettes

daily for about 2 yr with the smoking of the dogs controlled by
a machine that duplicated standard human-puff profiles. They
found serum testosterone levels were reduced by 54 percent from

control levels by smoking. Briggs, Mellstrom et al., and
Shaarawy and Mahmoud appear to have identified a reliable
longer-term diminution of testosterone production in man as a
result of smoking and if one stopped in a literature survey in

1983 (as a preliminary version of this review did), the
conclusion would be that smoking definitely reduced testoster-
one production.

However, Handelsman et al. (1984) studied the differences
between smokers and nonsmokers in testicular function among
potential sperm donors. Smokers were not found to have lower
testosterone levels than nonsmokers, although there was
significantly lower sperm output for smokers (181 million per
ml) than for nonsmokers (316 million per ml). Smokers also
demonstrated significantly lower sperm motility than nonsmok-
ers. Tsitouras, Martin, and Harman (1982) also found no
significant difference between smokers and nonsmokers in serum
testosterone levels in their study of 183 healthy men aged "- -
between 60 and 79. The failure of Handelsman et al. and
Tsitouras, Martin, and Harman to find testosterone differences
between smokers and nonsmokers leads one to interpret the lower
testosterone levels for smokers found by Briggs and Shaarawy
and Mahmoud with some caution. ' ,

One becomes somewhat skeptical about the lower testoster-
' one level findings for smokers given even more recent studies

of this relationship. Deslypere and Vermeulen (1984) found
significantly higher plasma testosterone levels in smoking men
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than in nonsmoking men. This significant difference held in .
each of three age groups: 20-39, 40-59, and 60-80, with the
average difference for all age groups a substantial 131 ng/dl.
Deslypere and Vermeulen have two figures presented over the
wrong captions in their report and one wonders if they are
reporting their results tor smokers and nonsmokers correctly.
On the other hand, they discuss the discrepancies between their
work and the results of Briggs (1973), Shaarawv and Mahmoud
(1982), and Tsitouras, Martin, and Harman (1982) so they would !".
hardly have been apt to mix ip the data from smokers and 0
nonsmokers. Deslypere and Vermeulen also found significant %. %
declines in testosterone with increasing age, but, unlike the
higher testosterone for smokers, these were expected-

Other support for higher testosterone levels in smokers
comes from Andersen, Semczuk, and Tabor (1984) who measured
testosterone in infertile men and found significantly higher
levels of testosterone in smokers than in nonsmokers. Plasma
testosterone levels averaged 18.9 nmol/l for nonsmokers and
21.3 nmol/l for smokers. They also were aware of the contrast
of their results with those of Shaarawy and Mahmoud (1982) and
suggested the difference may be related to their infertile
sample wyich contrasted with the fertile sample of Shaarawy and
Mahmoud. Another possibility they suggested was that the
weight difference between smokers and nonsmokers might account
for part or all of the difference since obese males have been
shown to have lower plasma testosterone levels than nonobese
males (Amatruda et al. 1978). However, the difference in
weight between the nonsmokers and smokers was only 3.9 kg and
the variance of weight for nonsmokers did not differ from
smokers suggesting no large amount of obesity in the nonsmok- .. ,- ", .
ers. In the Amatruda et al. study that showed low testosterone ' -
to be related to obesity, the obese men weighed from 176 to 200 -
percent of ideal body weight.

These contradictory results related to differences between
smokers and nonsmokers in levels of testosterone indicate a
need for additional research to identify the circumstances when
testosterone levels are positively and negatively associated .- . .
with long-term smoking or to determine which relationship holds
if some of the previous research is invalid.

Shorter-term effects of smoking on testosterone also are
ambiouous. Persky et al. (1977), in a study of the effects of
alcohol and smoking on aggression and testosterone in chronic

* 0.

1 There are obvious errors in the text of Andersen,

Semczuk, and Tabor (1984) where "infertile" is substituted fo-
"fertile" on pages 392 and 395. "
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alcoholics, noted a small but significant positive correlation

(r=.40)),between smoking and testosterone level over a I-wc ek
period. These were men who were consumine alcohol and who

general II, showed a decrease in testost erone during the week
compared to testosterone levels during a previous nondrinking % e % P

week. However, the more the man smoked, the sinaIit was, I he
reduction of testosterone during the week of resumed drinking . , .M.,.

Mat t i son (1982) reported results of a study bv lalawa and . , " .
Mazurek (1977) who demonstrated smoking "may elevate testoster-
one. It is not clear from the Mlattison summary whether this 
possible increase was a long-term or acute effect ol smoking .,

Dotson, Robertson, and Tuchfeld (1975) found changes in

testosterone levels were positively correlated (r=.2 4 ) with the
amount smoked during an evening "party" experiment. Measures

were made immediately before drinking began and again after the 0
3-h partv. Alcohol consumption was positively correlated with

testosterone changes, as well (r=. 2 6 ). The correlation of
alcohol consumption with cigarette consumption was not signifi-
cant (r=.l) suggesting both smoking and alcohol had indepen-
dent influences on testosterone production, metabolism, and/or

clearance. The correlation between bmoking and testosterone 0
change was small, but with 91 subjects (six different parties) %
was significant. %

Both Persky et al. (1977) and Dotson, Robertson, and

Tuchfeld (1975) found what appears to be a short-term increase
of testosterone production resulting from smoking. However,
another study that examined immediate effects of heavy smoking
(eight 2.5 mg nicotine cigarettes in 2-h) on testosterone
levels showed neither an increase or decrease (Winternitz and

Quillen 1977). It could be the Persky et al. and Dotson, :- .
Robertson, and Tuchfeld results were influenced by the alcohol

consumption which occurred along with smoking in each study.

Assuming smoking-induced suppression of testosterone were
a reality, or, as more recent evidence may indicate, that
smoking increases testosterone production, either change could %..'.

have important effects on behavior, health, and other aspects

of human existence. Testosterone has important roles in
behavior of humans, as well as other primates, and other ani- % %

mals. In humans, it has been related to aggressive behavior
(Kreuz and Rose 1972, Ehrenkranz, Bliss, and Sheard 1974), %

social status (Mazur 1976), sensation-seeking (Daitzman et al.
1978, Daitzman and Zuckerman 1980), mood (Klaiber et al. 1976, %

2 Matt ison (1982) reviewed literature related to smoking

and fertility and incorrectly reported Persky et al. (1977) had
found a "significant inverse correlation between cigarette
consumpt ion and testosterone levels."

I 1
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Prange et al 1977), and sexual arousal (Rubin et al 1979). - -

Rada, Kul iner and Winslow (1976) reviewed testosterone-
and aggresive behavior and found somewhait conflicting results. 
However , more st ud i es showed a d i rec t re I a t i on sh i p be t ween
testnsterone leveIts and human aLgoressive behavior than did not "
Aggressive behavior and combat are more or less synonymous . I I
testosterone levels of soldiers who are habitual smokers are

reduced as the Shaarawv and >ahmoud (1982) results would
suggest, the expected consequent reduction of aggressive 0

behavior associated with suppression of testosterone would be

expected to impair combat performance. If testosterone and ..
smoking are positively correlated, as Andersen, Semczuk, and
Tabor (1984) and Deslypere and Vermeulen (1984) indicate, then , %
smokers might be better fighters than nonsmokers.

Officers and other leaders with low levels of testosterone .

might not behave as leaders or otherwise appear as leaders if%,-

the frequently demonstrated association of testosterone levels ,,.e

with social status apply to humans as well as they do to other £ .-

primates (Mazur 1976). If smoking reduces testosterone levels,
it is possible the leader who smokes may not achieve his 5
potential standing in the group as a result of this diminished

testosterone. 4*4.

Testosterone administration has been shown to improve mood %

in depressed males (Itil et al. 1978, Klaiber et al. 1976).

Presumably, enhanced production of this hormone associated with
diminished smoking (or initiation of smoking) would be a way to
maintain "good" moods which would facilitate performance of %

self and, in the case of leaders, also facilitate performance

of subordinates.

Estradiol is a female hormone secreted by the ovaries and .. ,

placenta. However, conversion of serum testosterone to serum ,,
estradiol occurs in men (and women) via aromatization (Long- ',4 ,4
cope, Kato, and Horton 1969), and this process appears to be
augmented by the presence of norepinephrine (Klaiber, Brover-
man, and Dalen 1984). They found males who smoked had signifi-

cantly higher levels of serum estradiol than nonsmokers. The 0
result held for two samples, with levels of estradiol in

smokers nearly twice those of nonsmokers in both. In addition,,•-

a significant correlation was found between number of cigar-
ettes smoked and estradiol levels in the blood. Higher
norepinephrine levels in smokers (see below), may be the basis
for these higher estradiol levels in smokers. One significant v?
aspect of these higher estradiol levels in smokers relates to
the very high levels of estradiol found in men with coronary " - 1
artery disease (Phillips 1978, Phillips et al. 1983).

* 0
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Rapid conversion of testosterone to estradiol also could
account for lower serum testosterone levels in smokers.

Estrogen

Testosterone has been emphasized in this review since the
bulk of soldiers are males. However, recent research (MaLu".1ijilon
et al. 1982) has found women who smoke have significantly lower
estrogen evels than nonsmokers (estrogen is the major female P •
hormone). The differences between smokers and nonsmokers %Z
occurred during the luteal phase of the menstrual cycle (3 or 4
d after the period). Measurements made at the fotlicular phase -
(4 or 5 d before the period) did not show differences in
urinary estrogen concentrations among the smoking and nonsnok-
ing groups.

i'." . .

Earlier menopause of smokers has been found in numerous
studies (Adena and Gallagher 1982, Daniell 1978, &autman et al.
1980), and this is a probable result of the diminished estrogen
production in females found by MacMahon et al. Estrogen
treatment of depressed females has salutary effects parallel to
testosterone treatment of depressed males (Klaiber et al.
1976). Estrogen also is critical to producti.on of strong bones
both before and after the menopause (Richelson et al. 1984). P
In fact, a review of estrogen and mortality from all causes %
indicated estrogen generally facilitated good health and lower
mortality rates for females who used estrogen than for those 0
who did not (Bush et al. 1983), although a recent study by
Wilson, Garrison, and Castelli (1985) found no difference in
mortality from cardiovascular disease and from all causes % 1
between estrogen users and nonusers. Smoking-induced decre- %.. ,
ments in estrogen production would appear to have at least as .
many disadvantages for female soldiers as smoking-induced •
decrements of testosterone have for males (if such decremci, - .

for males occur reliably or at all).....

Epinephrine (adrenaline)

Frankenhaeuser et al. (1968) found urinary epinephrine
excretion increased with smoking over a no-smoking control
condition and increased linearly as the number of cigarettes
smoked increased from two to four to six. In a later study,
Frankenhaeuser et al. (1971) again found epinephrine excretion

.- , A % o%

3 Given the contradictory results from "replicat ions" . -
studies relating smoking to test osterone product ion, it -.. I
probably would be important for smoking-est rogen Ic' lat ioniil,
to be assessed in additi onal populat ions, ?s w ll. -
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Rogers et al. (1984b) also may reflect an adrenergic deficiency
in smokers.. , ..*

Norepinephrine (noradrenaline) 
.%

Frankenhaeuser et al. (1968, 1971) found norepinephrine
excretion showed no consistent trend with smoking of different %

numbers of cigarettes or in comparison to a no-smoking control
condition. Cryer et al. (1976) did find increases in plasma S
norepinephrine with smoking, although they were of shorter
duration than increases in plasma epinephrine. Winternitz and ,- -

Quillen (1977) found no rise in norepinephrine during smoking
of eight high-nicotine cigarettes in 2 h.

On the other hand, Carruthers (1976) found serum levels of 0
norepinephrine to be significantly increased by three low-
nicotine (.3 mg) cigarettes smoked in 30 min and found an even
idrger ilcrease of serum norepinephrine when three high-
nicotine (1.9 mg) cigarettes were smoked in 30 min. Heart rate
and blood pressure changes paralleled these results for
noradrenaline. Beta blockade (oxprenolol) eliminated the heart S

rate and blood pressure changes, but did not change the . 'a, '

significant increases of norepinephrine as a result of smoking
nor did it apparently reduce the subjective enjoyment of
smoking.

Growth hormone (somatotropin) 
.

Wilkins et al. (1982) found a 12-fold increase in growth .

hormone occurred 30 min after smoking two high-nicotine ,

cigarettes (2.0 mg) and remained at elevated levels for 1 h.
They found smoking two very-low-nicotine cigarettes (.2 mg) had 0
no effect on growth hormone response. Cryer et al. (1976) also
found significant increases in plasma growth hormone following aaa,

smoking of two cigarettes in 10-min. Sham smoking did not *.a ,U.

increase growth hormone levels and growth hormone increases
only were slightly affected by adrenergic blockade. Winternitz
and Quillen (1977) found growth hormone increases beginning
with the second cigarette, peaking at the fifth cigarette, and
then dropping almost to presmoking levels by the eighth
cigarette in the eight-cigarette, 2-h period of smoking in
their study. Coiro et al. (1984) found a three-fold increase ,. ..

in growth-hormone 30 min following smoking of two nonfilter
cigarettes in 15--min. Sandberg et al. (1973) also showed a ' •
large increase in growth hormone following rapid smoking of
three cigarettes." a-

The implications of this large boost in production of a a .

growth hormone following smoking are not immediately clear.
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Growth hormone is involved in protein and carbohydrate metabo- .
lism. Excessive growth of smokers certainly is not the result
although the typical lower smoker body weight may be. For
example, Janzon et al. (1983) suggested increased growth
hormone release with smoking may account for the tobacco-dose-
related impaired clearance of glucose from plasma that they
found in their research. It is probably this impaired clear-
ance of glucose that led to the finding of Redington (1984) of
taste differences for sugar solutions between smokurs and•
nonsmokers. Following glucose loading, smokers who smoked up
to the beginning of the experimental session decreased their
ratings of the pleasantness of sugar solutions. Nonsmokers and
smokers who abstained from smoking prior to the session did not . --

change their ratinqs of pleasantness of this solufion following
glucosu loading. Decreased liking and consumption of sweet
foods by smokers could account for their lower weight.

Cor tiso 1

Kershbaum et al. (1968) found elevation of plasma
corticosteroids 1 h following a 30-min period in which four
cigarettes were smoked with an average increase of 47 percent
for the nine subjects. Concentrations were lower at 2 h, but
were still above initial values for six subjects. After 3 h,
corticosteroid levels generally had returned to initial levels.
Cryer et al. (1976) found significant increases in plasma
cortisol following smoking of two cigarettes in 'O-min. Sham .
smoking did not increase cortisol levels and cortisol increases
were unaffected by adrenergic blockade. Winternitz and Quillen
(1977) required subjects to smoke eight 2.5 mg-nicotine
cigarettes in 2 h and found a sharp rise in cortisol between .-.P. _
the second and third cigarette which peaked between the fifth *
and sixth cigarette. Wilkins et al. (1982) also found cigar-
ette smoking (two cigarettes in 10 min) increased circulating
levels of cortisol in male chronic smokers. Low-nicotine
cigarettes did not increase plasma cortisol.

Seyler et al. (1984) found significant increases in
cortisol with smoking of two high-nicotine cigarettes "five
minutes apart." Increases in serum cortisol with smoking were
particularly large when the normal or intense smoking behavior

led to nausea. Adrenocorticotropic hormone (ACTH) also was I
found in smokers of high-nicotine cigarettes, but only when
they experienced nausea. It appears the extra cortisol found *
in nauseous subjects was mediated by the presence of ACTH.

However, Benowitz, Kuyt, and Jacob (1984) (lid not find
cortisol changes as a function of smoking high-nicotine ,
cigarettes (2.5 mg) or low-nicotinp cigarottes (.4 mc).
Subjects smoked one cigarette every 30 min for 15 h for a totial 0

.
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of 30 cigarettes. Benow it z , Kuvt and Jacob cI a i med ear ier
research found cort isol changes because of Lhe at vpicl mokingk .n .e
of two or more cigarettes in a very brief period. Cherek et
al. (1982) also found no increase in cortisol levels for ai
smoking period of 2 h where an average of 5 .6 cigarettes were %

smoked compared to a control group who (lid not smoke.
J, '- .r..p

/" .p ,•_.

Pro I a c t i n

ki 1k ins et al ( )82) found cigare-tte smokin more thitn
doubled circulating levels of pro Iact in 1i m lC chronic smokers
who smoked two 2.0 i,,g nicotine c igarettes within 1) min. Two 
low-nicotine cigarettes did not increase plasma prolactin.
However , Andersen, Semczuk, and Tabor (1984) found signi fi- "
cantlv lower levels of serum prolactin in both male and female 0
smokers compared to nonsmokers. This apparently is an instance
where the acute effect of smoking is to increase hormone--

production, but the long-term effect of smoking is to decrease ., ,
hormone production.

* S

Vasopressin and (its carrier protein) neurophysin

Husain et al. (1975) found two nonfilter cigarettes smoked
in 15-min produced significant boosts in both serum vasopressin
and serum neurophysin with peak concentrations occurring in 5 "
to 15 min after the second cigarette. A rapid drop in both
substances then occurred. The high degree of correlation of -..
the two substances during this smoking-related increase and
subsequent decrease following smoking indicated the close
linking of their release mechanisms. Prior administration of
ethanol eliminated or blunted vasopressin and neurophysin *
increases.

Rowe, Kilgore, and Robertson (1980) found smoking of one
"high"-nicotine cigarette (1.2 mg) and smoking of one low- . .. '
nicotine cigarette (.6 mg) produced reliable increases in
plasma vasopressin. However, intravenous infusion of a *
solution containing 2 mg of nicotine did not produce a signifi- . -.

cant increase in plasma vasopressin. The failure of intraven- .%
ous nicotine to mimic smoking effects on vasopressin led these
researchers to conclude that an airway-specific mechanism was
the basis for the nicotine effect. However, blood pressure
increments with intravenous nicotine were smaller than for
smoking of even the low-nicotine cigarette and it is probable
the bolus of nicotine to the brain is larger following smoking
than following intravenous injection of 2 mg. of nicotine over
;I 5-min period.

*% %j.%
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Pomer leau et al (19 .) easured v;asopressin and neurophy- .%.t
sin aind found both were st im u I at ed by smoking moderate-nicot ne
( 1.40 Tg) nd hi h,,h-nicot t, (2 .87 m ) ci arette s. Nicotine • -

e vl sn the( blood (I soI were meatsuiied anitTid wr e co rr eIa t:e d
s i i I wit h b)100( I ele( . 0 t so i press in and neurophysin.

A s t h, e ;I :t , 1,iS 1 (l'd e, , .u , ,i, p r e ss i n re 1 ease has been
si so( i t d it Ih i1p)rv1d k c0('I iv' uinct iofnifng. It also

,)1ar, (,di;te te ha nces in skin blood flow associated
()

i~-t ;t t n d p)h ii

Evidence is arc umula i ng hat heta-endorphins are released

duL T rin smk n p . These ( i re( t he1 briins n a t u ral op ia t es a nd ha'.v
)e 1 i p iat ed in s 1h Tigs a s )a i TI tolerance (Pomerl eau, .w ,-

Turk, and Ier t i 4 1. r Kr;as a nd Kaine (1980) inferred V P .e.-,
smokin increase d e eta - endorphins w he(n they found an endorphin %, %

"h er n I a X x , 1 ) r e d uc e d s o k ing a, n d t h e d e s tr to smoke.
a I i z i a e t ai . 1 78 ) reported acupuncture-elicit ed-analgesia

which cAuses a revulsion for tobaccc in at least some tobacco
addicts, lost this effect following nal oxone administration
and, in fact, acupuncture actually increased the desire to
smoke. This, too, was hypothesized to indicate that smoking
increases endorphin production.

Tobin, Jenouri, and Sackner (1982) found naloxone blocked *
the depression of respiration that normally occurs with smoking
(and which mav be a factor in the perceived reduction in
emot ional it v with smoking). They concluded that the normal
smoking-related depression of respiraLory drive is one result
of endorphin product ion. .. .,

Pomerleau et al. actually measured beta-endorphins and
found these endogenous peptides, but not ACTH, were stimulated
by smoking moderate-nicotine (1.46 mg) and high-nicotine (2.87 231
mg) cigat,--ttps. Nicotine levels in the blood also were %
measured and were correlated significantly with serum beta-
endorphin levels. These studies that show the production of S 0
beta-endorphins by smoking and the probable role of these in
addictive smoking suggest jogging, acupuncture, and other
nonsmoking means for producing beta-endorphin release should -.-

assist in smoking-cessation programs (Chernick 1983).

Other hormoma I c hanges

Gofin et al. (1982) reported higher serum thyroxine levels -- ..1
in female smokers and Melander et al. (1981) reported absten-
tion from smoking was accompanied by small reductions in

thvroxine and rT 3 and concluded that smoking "promotes a S S
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modestly increased secretion of thyroid hormone ... "Christen-%

sen et al. ( 1984) found female smokers to have higher serum T 3
and l7ower rT no change in thyroxi ne, and a higher i nc idon(ce
of goiters tl~an nonsmokers. Sepkovic, Haley, and Wynder (1984)
found heavy smokers had significantly lower levels of thyroxine
and significantly lower levels of another thyroid hormone, T 4--
tri iodothyroninc, t han nonsmokers . These differences were on -

the order of ten percent and i, was argued that even these
smallI changes may haive large rami f icat ions for- overallI metab-
ol ism as, wel 1,as inflIuenc ing both androgen ic andl estrogenic N

steroi nc ity Cnd e c om po un ds in c i gar e tte smo ke wh ic h
may inh~bit the recycling of Lhvroidal iodine, were seen by
Sepkov ic , Hal cv, and W ynder as possible determinants of reduced
th yr o id hormone levels with smoking. Much additional research *v .

needs- to be done to explain or resolve contradictory results
r eIa t ed to smoki ng and thyroid function.

Co usi onsa nd military implicat ions

I'l WI I-Pt hl -di nc reises i n ep it eph r ine (adrenaline)
(1 (ton11o ttCI wir smok in g and( til e t(Ilr (-n ,r gi

i t i~ i -nr v f telo igIog- r smo--k inrg p~roposedl l)v Vogel,
trerma n, anitd Klaiti ")e-r- (1977), could go a ' on g w ay t owar d
Ixp1)1i ri n g s m )k inrg w it hdrawalI sympt oms , reduced blood pressure

arI d heirt ro;t tw i ih smoking dep)rivat ion, d-ecreased cerebr-al
LI cular Capac (i t V in -smOkers , and other puzzl ing aspects of

smclkllrg . Ebe, surpr ising fact t hat habi tualI smokers dto not waik e
up every 3(0 minl for a c i gar et te m ig ht b)e r eIa t e(I t o a r edlu ce d
r e (Iiilremrent for cerebral ( i rculat ion during slIe ep i n b othI
smokot s and nonsmokers. lur ing waki ng hou rs , hab itualI smokot

1)e me et c e r e b r a I c i r cu 1 at i on req u i remen t q b y sm ok i ng w ithI i t s
aIset i at eul boost of epinephrine. Long-term smoking reduce-, the
capaicitv for " nonboosted" vasodi lat ion of the cerebral vascul ar

Sys ,t em (Rogers; et al . 19 8 4a, 1984b, Wennimalm 1982), and it is
p ri h a bhI v t h i a; b 1 o o d - (I e p r i v ed b) r a i n o f t he d e p) r i v e d sm o k E, r t hat t

preluesmany of the unpleasant smoking-withdrawal symptoms.
For t u nait eIyv, (I i ai t in g sm o k ing re sto r es c er e b r a I i r c u I att ionl t

lev el I - p )p roach-Itin g t hos e o f n on smo ke rs ( Roge(-rs e t il.t~ 8)

The cont rad ict ory results rel ated to the ef fec ts oft
smok ing on testosterone levels and for levels of t hx'ro id

homnsapIt o a Icsrext ent f-- 7- t other hormones .
Des p it E a l arge number of st ud ies i n t hi s atrea , rel at i vel v

i t tlIe i s known about ,-mok i rg and i ts effect s (In hormone
produllct ion. And also little is known about the effects of
t hese hormonalI changes, particularl v over thfe long term.
C on t 1 n it i n g d evelo epm ent of m nore r ef in ed an d e con omli cal t e chb-
n i (I us f or Mi0, s 11 r TI lio r m onies s hou u ic e r er t e reear ch1 i n

t ~ . '
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The sex hormone diminution associated with long-term
smoking that occurs for women (MacMahon et al. 1982) would
appear to have information value in programs designed to reduce 0 0
smoking. The five to ten less yr of life which, on the
average, can be expected for the heavy smoker (Rogot 1978), may . . .
mean less to an 18-yr-old girl (who sees even a premature death .-
as far in the future) than the prospect of diminished feminin-
itv associated with a smoking-related reduction of major female

sex hormone levels. 0 0
" ,, * -. .9'

However, such a ploy might be dishonest for male smokers. "'-p
More and more recent evidence shows higher testosterone levels
in male smokers than male nonsmokers with one study showing the
pattern in normal men at all ages (Deslypere and Vermeulen
1984). Several review and popular articles (e.g., Willenbecher o 0
1979), based largely on one or two of the early studies that
claimed lower testosterone production in smokers, recommended
men quit smoking if they wanted to preserve their masculinity.

One wonders whether the desire for effective antismoking propa-
ganda may not have somehow influenced the results of studies
showing lower testosterone in smokers compared to nonsmokers. 0 0
Research is needed to clear up these contradictions related to
long-term and short-term effects of smoking on testosterone
production (see Chapter 12: "Needs for additional research on

smoking and soldier performance").

* -d,. r

* 0

1191

0

'9.,<. ..

% %

%- 9

119 .1" .'.
:i - ...
• -': '.' ."

• % * t' °

..: --...- --...... . .. ... .--.-. -.-.....-,...-.-.. - ..,. -:..-,..... ....-...., q .: ,-. .-.h %{- .';
" .-. .-. -'." .' -' -. ". -,-.- ,"•"," -- . , -'. -." 9 .-.. ¢ . -"-' ."- ,"-'-"".. " .. ', " '-.-" , " ' * .99 , 99 ." , " 'F"9 '



vt 'ahm taI

;I T 1 a 1)i t I -FI o

1~~ ~~ 7,. "w" V 1 1 0n (

r:i a in arb1 )Y

p..- . .

h:'1 () T -f 1) 1l i ha a~ n d20 f2)'2 t o I2 Cii nlc

d ] r - ' r'] fo o i 1g hl ie1 por i od s of 'z of

I TI' ( - tt 1933) H ,lu 1ro St oker s wouLd I i kef- t o

,% 1 t n, id t ,,ffe c) o f w i t I (Ii awat too un p ,- t ..

I. . " I I. 2 g'iw, n ( . dhtons Diorate rlljr ii

T)~'. i hl n81 Pe s t n W8hu 2 a

Ii 1,' (;11 1 T7 t u d i e d t i e i ic i dence o t',
I III, Ii t-i ,. t i n nd I 0 f Me to l fea9 t!

pa T i2 i c , , e ,d i) l ; s',, kild og e s s, -
1 22"2' h I" 1 , ,t ef e,~ t ',:-r of it , un qe o f t e

. . ,1 ., , t 22 ! , pl f t c o b -s a i n from.
.... T t ' 1, P U IhT] ,e It- 4( r tI i te , o c t )v

it F-,, i 1, a TI ( , eI U a ) ,Tu d i d h e l t i i Cnc, f N ,%

) I :t I 2 1) t I, It 2( ,,1 a .,'f n a Il t

em r. i q pr , 1!1 .') t .1 c j r ot J .C d n j vat kon g '- e

- I] ii i ' , o r ow l tonf ii v t '.l e If Ivrt o r'o-1 1 m 1.Ia v

li V2 t, Ii ) '1 t'w I o ( ( 1 1 are de [S ot res) a c. c. o

. 0 1 0 11 M i. -T

Ik ;1 2112 w 1''' I If, ' 0I d o I ; iI e1 :o Ii i I-I.

. a . e aI 2 , , cI,

P - f"H ";o f all 'ta 1 o i v0atln~le oFr) 1 o ,,c I e,,r vatn> i To ] ( h ih V ...-t..

S 4 c 1 c ' d d I,. i , I,() ),2 12 i, , 1i r o t i V IT t (- c 0 a ' ie on I) I v. -

' : ii itO7- ( 1 'i t i1,'r 122211 ifo" 2201 , p('l i0
2  

12220 t,-1
1 11it ate ihi 'h''

3 o- 1) 1 ;l rl

"#, r' I , I 2 ')'' . 222. 1 ( ot , 1(120' op ] ...5120 . 21 _I Jig 0 lt .I

v€ , , . v I I I '("' i o I' . . " -

1) 2..2 02 o

%% %

22 k: 1) ,......2)2 11 2. 2 II.;...-. '1 1' I - 22 1

0,w4 "#

2 ~' 11111 12)1 (111) it j\ i j15 2\'ji( i I jlr~vie f wer5 :.e.

+ - 2"221 " + I I- P, I) " ". ..". ' f 'u 1 '" 2 i ,V It 02 lb " ":' t , 50121K 220-- I,' " h+-"" i+ o+,Ilv a-.i "" '+



I S I ) I V 1I I It I) (IitI I , ii vI % %.

;i s 1 1+t" II ' 1 i + - 1 r , !t ;, J ll I f e r

t5'- i , II ,l c- ( 1 ' 1 - I v :I t o ' '-) v o cs 01 I- " -'

V f t 1 %i I ' 5 0 1 d p i V t 0 ()ll p Ii V'5 ie I c ) < l r,)( r I -Z " " .I- I."
t~lt sui[) i. i . r5vtil 0.1i05

V %W
jiitr;a (1,8(1) prsii , r put l'rn i). 1.1 uo - .VI

c o (I : pr tit t (I o i i I:- I t, I (Ikd f " 11 i I it in 1ii 'i't " is'

j)- 2.s, SitI le . Ito,.v ,r, \ \ I C i l,(C i i i H 1 ' ,, 1< t .. wIo l II I-f

ItI t isccI d(pti i ( iii nII lit ry tvo I ( p('r ) r li( i n , -l ini

[I I tl S Jl r k f o 1-11 d d e T i v (' d ,m k)1 c T i r u %s %

r ri sist I ,s fri e n d; 1 'tfii n n (, Cv si ri () r s:: sdo r i : (e r v . 1) 1 ,t( (rI r RfouId ept jI (Io' no s okP. e I -n d l 0 t h m T V d%

% .%

I,, ,, I r t c 1() ( , C,1) r t d 1), c) o r e d m k 'r - s- 1)' . h 10 1 00Vr-  %. -,

I 1)11 14 fl l_1T Id i t 10 1 (1 (1 i f t CiI 1 t oc ) C (ll Cl] t r at r, , aIlI( 1 1 l) 0t (d

miore ''1005(005 symnpt oms dur i ig the deprivat o n 1) erii _(1.
, ed1ct ions it, pulse Iate for deprived smokers duri ng the -

dI'pI i vat ion period also were found Critical flicker fre un v "'%
Iid not diffrr betweon deptrivat ion and smoking c onditions for

l II ohk .fI leasures of task performance were not inc luded in
thi s s t dv . N o t h e r s t, u d i e s o f sm o k i n , d ep i v a t o n e ffe _ ts on

1 :1, t r v I e r soi n e I we re f o1u nd a i d t 1)e t e n i ni ( e ) f th i s C Ii 1a)t e r -w

wil ciscuss re searc h on tobaccoc depri vat on in Iahi ratory av i
ter n nmi litar s' i L e impn si,'t ions for

mI i I ar v op r ,rat 1 ion s

Ci Ihort and Pope (1982) st-udied the I f fect s n f It Ii of
sI; k iI l w th d r owa I o n )h v i o I o g i c a I r e , p on s es o f srKl r s
lii ike many st udi es of do )rivat ion ef f ect s whic!I el I wit I II
p p e n sm iking c essat ion ci in irs, t hese men Iil 111( n I in 1t i ()n
of ii It ti ig si5l k irig except for tho cay of the st id . (;i 1l f t"

a'Ind Pol) e f o u nd chi an s n these p) i h ,iis)i I i ia I r e 5 11 e s (In t lie

I d of s .ni;ok iTi C4 ssl ion w F(re m afk el d ,TI d 0e or ( i Vl i i 1 d a (I

I e oer act ivat ion of the ph vs in 1og1i ca I \'- st ev t s . Ho) r i i It I -
d rI , ( 1 6, +d f in ,Ir Itcm 1 e r I t UtIi- e, i I ,10 is 11t ( td i (:It I 1 1 i m j) I v ' %" "

) r i1i) r a ia t rc I a t i rio ), ( pa n<-tU r u r a r em()rt ( e i( I , , -I

l ce r i li n0,  th at hand-uN'u (d-,r(i,001- t N it an Id 1)t k i l: if dIt, it I dI.X-(-II-I-

tli v he I f t i I i i t L( if " (d II t Ii e ie C, t i vi 5 €ii' d t W,1 It(' ti T1 I P -<it;.* . -'.
Sr;t v n=> w ,o t : i I c t i ,s w h ich i nc-I f<l, rd III ouw-tih w it f , d!'b I v;t - • ]

N7 k,. %, k1-1.

% ,. "

% %, •1 .,

-Wo- , i, ,-wi- ,rLi- , ,,.,~~r,, ,t~ . -%o o .- .,- d -.o . ,- - - .-.. -. ° - .-.-% ."• - . . . .- .". ,. % .". _ .



-. %.

%

Lion period. Unfortunatelv, no performance tasks were included
to measure possible changes in performance as a function of
withdrawal.

Shiffman nd Jarvik (1976) studied 5 volunteers in airesmoking cessation clinic over an abstinence period of 12 d.: W l

Cravino for cigarettes, alertness (stimulation), psychological
symptoms, and physical symptoms were measured b questionnaire. c al-et c i rin pi o
Only craving scores changed over the period. Sharp drops

occurred for the 11 subjects who were totally abstinent over
the period with cravino at low levels by Day 8. For the

partially abstinent group (24 subjects), craving levels
remained high for the total period. The difference between the
partially and totally abstinent groups was described as ,

indicating that craving drops rapidly when abstinence is total.
However, a more probable interpretation of the results is
abstinence is much more difficult when craving is high. "..
Support for this latter explanation derives from the fact that
differences already appeared in craving between totally and
partially abstinent groups on the first d following abstinence
on which craving ratings were made.

A large number of measures were made over 4 d of tobacco
deprivation by Hatsukami et al. (1984), who randomly assigned -. *--

subjects to deprivation and control groups and who included " --

nearly every variable reported to change in previous research
on tobacco deprivation. Subjects showed significant changes on
only a small number of these variables following smoking
deprivation that were not paralleled by similar changes in the 0 4
smoking control group that also was confined for 4 d. Among -P

the significant changes, heart rate dropped from an average of
80.7 bpm for the smoking baseline to an average of 70.0 bpm for
the 4 d of abstinence. The major drop in heart rate occurred 0
on the first d of withdrawal. Heart rate continued to drop for
the next 2 d then showed a small rise on the fourth d. Craving .
for cigarettes, confusion, and "depression-dejection" all
increased significantly compared to control subjects who smoked
during the withdrawal period. Craving, confusion, and depres-
sion-dejection reached maximum change on the second d of •

withdrawal with small "rebounds" over the next 2 d.

Of particular relevance for soldier performance was a
significant increase in reported number and duration of
awakenings during sleep during the deprivation period found by
Hatsukami et al. Both of these variables reached their peak on p
the second d of abstinence. Unfortunately, no objective data
on sleep patterns were obtained in the study.

A study by H ughes et ai. (1984b) from the same laboratory
as Hlatsukami et al. confirmed many of the Hatsukami et al .

findings fol lowing smoking withdrawal. Hughes et a]. also

122 - .
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showed amelioration of many smoking-withdrawal symptoms with
administration of nicotine chewing gum. This indicated the key ,

role of nicotine deprivation in smoking withdrawal symptoms.
However, significant reductions in heart rate and hand tremor
still occurred for subjects using nicotine gum (and placebo
gum) during smoking abstinence, indicating nicotine from gum
does not match smoking-generated nicotine in its effects on %
some phvsiological functions. r

Schneider and Jarvik (1984) also found unpleasant subjec-

tive symptoms associated with smoking withdrawal generally were -A
reduced for a group receiving nicotine gum compared to a group ., "
receiving placebo gum. Withdrawal symptom ratings rose sharply
over symptom ratings reported during baseline smoking for both
the nicotine and placebo groups. Levels on the first two
measures on Day I actually were higher for the group chewing
nicotine gum. Following this, however, the nicotine gum group
reported less discomfort than the placebo gum group over 5 d of
abstinence. Withdrawal symptoms were found to be higher in the
evening than in the afternoon, particularly for the placebo -
group.

Myrsten, Elgerot, and Edgren (1977) found urinary epineph-
rine levels to remain below smoking levels for 5 d of abstin-
ence. West et al. (1984c) studied urinary epinephrine levels
over a longer period of smoking abstinence and found epineph-
rine dropped during the first 3 d of abstinence of smoking
among a group of heavy smokers. Abstinence continued for at
least 10 d, and urinary epinephrine levels in a significant
number of subjects showed a rebound effect when measured on Day %
10. The strong influence of epinephrine in many of the
cardiovascular changes with smoking suggests these too would
show a rebound effect. West et al. collected data on heart *
rate, skin temperature and urinary cortisol concentrations and
reported "in some cases these variables did appear to follow a
time course which might suggest a rebound, " but there was
no unequivocal statistical support for this. However, the %

rebound on Day 4 of deprivation found by Hatsukami et al. for , ,
heart rate would support this suggestion of a rebound for heart *
rate as well as epinephrine in the West et al. research. As
West et al. point out, these rebound effects suggest the %
initial drops in epinephrine during smoking abstinence found in -. -
this and other studies (e.g., Shiffman 1979) reflect an

abnormal state for the habitual smoker resulting from with-
drawal from smoking, and not just a return to normal nonsmoker *
endocrine levels and physiological states.

One study looked at the effects of 30 d of deprivation on - .,"

cardiovascular and other variables. Glauser et al. (1970)
found heart rate to be significantly lower following this long

% %
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• abstinence period This indicates any rebound effect on hear.
rate does not return heart rate to levels prior to sokin .o.k-.n%

In the most recent study found on depri vat ion effect s, -
Cummings et al. (1985) looked at specific smoking withdrawal

, symptoms over a 21-l period of abstinence. Irritabi i y was
- the symptom most frequently reported fol lowed by feel i ng

sleepy, coughing, sleeplessness, constipation, tightn ess in t he
chest , dizziness, and mouth sores. Some of these such as
Coughing, const Ipat ion, and mouth sores are quest ionable -'h. .
withdrawal symptoms, but coughing did decl ie l inearly over the 
21-d period. They found subjects reported high 1 evels of
irritability which also declined linearly over the 21-d period.

* The same was true for "feeling sleepy," dizziness, and tight-
ness in the chest. The average number of symptoms declined
linearly over the 21-d period, as did reported mean craving for

* a cigarette, b)ut there was a t rend for craving to increase
during the second week, then resume its decline. At the end of
the 21 - period, few symptomis were experienced and craving was
experienced only occasionally. There was a trend to more
svmpt oms ,nd craving for heavy than 1 ight smokers.

Effcts of tobacco deprivation on performance % %

lieimstra, Bancroft, and DeKock (11967) compared groups of
smokers, deprived smokers, and nonsmokers and found the ,
deprived smokers to be inferior to the other two groups on the

-" tracking task and a reaction-time task included in the test
* battery of their study. However, these differences between

depri veid and nondeprived smokers were found during the first h
of testing and it may be that these deprived smoker differences .-

from nonsmokers at least partly reflect different initial 
levels of performance of the different groups. Subjective mood
changes also were measured by lleimstra, Bancroft , and DeKock .
and found to be greatest for the deprived smokers, with 
signi ficant increases in aggression and fatigue and significant . t

. decreases for concentrat ion and social affect ion. Aggressive-
ness also increased sharply with deprivation in the research of
Schechter and Rand (1974) These moodconcentration/aggres-
siveness changes with abstention from smoking may be the key to
t he performance degradat ion shown bv depri ved smokrs.

I n a later study, teimst ra et ah (1980) found deprived
.smokers showed significant decrements in performance on a
perceptual-motor tracking task compared to the performance of
nondepr i ved smokers. The task required tracking of the changes -. ]
in or ienitation of a target needle (which rotated like a hand on
a clock) by covering it with another "cursor" needle. The .
C U r so r n e e d I e w a s c on n e c t e dI ( ia ha i d - C 0 Tit ro 1 1 e d t ra c k i n g
k nob . Oc a s io na innonit a I ad d i t i o ri vigi a n c , a n d r ea c t i n t i me
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tasks added to the diffi(ulty of the tracking task. For male
deprived smokers, time on target was more than 20 percent less e
than for nondepri ved male smokers at the end of the 3-h session %

although nearly half of this difference already was found- -
during the first 30 min after smoking a pretest cigarette, "
suggesting withdrawal effects influenced performance by only " -%

about 10 percent. For female deprived smokers, sioni ficant
performance degradation of about 10 percent was found in mi( to " 0
later stages of the tracking task. Unlike for the males,
female deprived smokers did not differ from smokers during the
first 30 min. Performance on the concurrent tasks frequently
showed larger decrements for deprived smokers at the later
stages of the 3-h testing session, but, unlike performance on .0-P
the tracking task, the differences were not significant. 1-he
authors concluded, "under restriction (of smoking), workers who
normally smoke may experience lowered arousal , increased •
stress, decreased job satisfaction and a number of other
undesirable effects. These behavioural outcomes should

certainly be avoided as they may lead to more critical events.
These effects may well be manifested by decreased productivity
and increased accidents."

Mertens, McKenzie, and Higgins (1983) compared 17 habitual
smokers on the performance of aviator-related taesks with and
without smoking during 30-rain breaks during the 4-h test
session in a similar paradigm to that of Heimstra et al. (1980)
except subjects served as their own controls in separate "
counterbalanced smoking and smoking-deprivation conditions. A
tracking task showed significant decrements in the no-smoking.

condition and overall performance on several concurrent tasks
(including the tracking task) also was significantly worse
without smoking during breaks. The trend for the complex of
tasks was for subjects while not smoking to become progres-
sivelv worse over time on the tasks relative to their smoking 
Der.fformance.

Ylertens, McKenzie, and Iliggins found workload changes %

(changes in the number of different tasks beino performed) "
produced error scores for tracking performance that ranged from

338 for low workload to 747 for high workload. These dwal d f •
smoking deprivation effects of about six percent on tracking .
(error score of 557 for smoking compared to 592 for no-smok-
ing). Even time on the tracking task produced twice as large . %

an effect as the smoking manipulation (error score of 535 for
Period I versus 614 for Period 6). Contrary to the conclusions ."-""s
o f Me r t en s , >1c Ken z i e, and i ggins, the st a t i st i c a I I v s i g nif i -
cant decrement with nonsmoking appears to be small from a ,),i, a

pract i cal viewpoi rt. E h'at i s more, for the key t rIcl i ng t a . -, %
a five percent di fference in favor of nondeprivud smokers
a p p e a r e d tv, n t r i i , t h e f i r I it i i a t t e r t he smo k i ni g t ha t
preceded the 4-h deprivat ion perio d. hi s almost suge , t %

.,s. ,:..;-:,
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subjects were consciously or unconsciously influenced in their
performance by knowledge of the condition in which they were
participating. '

have outperformed nonsmokers on certain perceptual and speeded

response tasks (Wesnes and Warburton 1978). However, differ-
ences between smokers and nonsmokers that favor smokers
generally are small. However, on almost every laboratory task

of more than a few min duration, deprived smokers have per-
formed worse than nondeprived smokers. The increasing con--%,

frontations between smokers and nonsmokers support the notion
smokers are members of a fraternity of sorts. At least some
smokers are apt to be more concerned about their performance -.

when they are in the smoking group (of between-group compari-

sons of nondeprived smokers and deprived smokers) or when they

are in the smoking condition (in repeated-measures paradigmsfor exploring these differences). It is less probable smokers W d0.

would be biased to perform better in the condition where they
are not allowed to smoke. Just a small percentage of smokers
in an experiment, who consciously or unconsciously worked *
harder or faster when smoking or who consciously or uncon-
sciously worked less hard or more slowly when not smoking,

could provide the pattern of results shown by Heimstra,
Bancroft, and DeKock (1967), Heimstra et al. (1980), and
Mertens, McKenzie, and Higgins (1983) where deprived smokers'
performance is inferior from the outset of long tasks. *

However, even people who are for intoxication probably .. *. ,"'
cannot bias results enough to overcome intoxication effects and 2?

if smoking were to be detrimental to performance to any
substantial degree, even nondeprived smokers would show the
effect compared to their deprived performance. Elgerot (1976)
found nondeprived smokers performed significantly worse than
deprived smokers on Raven's Progressive Matrices, which is a
difficult problem-solving task used to measure intelligence.
Elgerot found abstinence from smoking also facilitated perform- %

ance on two other reasoning tests for these subjects compared
to the smoking condition. Simpler tasks such as marking each p
n ' and "e" in meaningless rows of letters or proof-reading

were facilitated slightly by smoking, although these advantages
for nondeprived smokers were not significant.

Elgerot interpreted her results in terms of optimal levels -
of arousal and the "arousing" effects of smoking. For complex
intel lectual tasks, she suggested smoking subjects were too
aroused for optimal performance. Unfortunately, no physiologi-

cal or subjective arousal indices were included in her research
to confirm this hypothesis that nondeprived smokers were highly %

aroused. It could be the other way around. Reduced arousal
for the smokers may have left them with too litt le arousal to
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optimally perform on the complex intellectual tasks whereas '

arousal associated with smoking deprivation may have boosted -
performance. Kleinman, Vaughn, and Christ (1973), for example,

claimed deprived smokers were too aroused for a difficult " -
paired-assojiate learning task, but optimally aroused for a
simple one.

Although this section has primarily described decrements
and potential decrements in performance as a result of smoking
dep-ivation, some short-term cffects of smoking withdrawal
would be expected to highly benefit performance of soldiers in V'&V
combat. Improved physical performance with only I d of smoking

deprivation was found by Rode and Shephard (1971). This
research has been described more fully in Chapter 2: "Effects

of smoking on physical work capacity and endurance." Davies et
al. (1979) found significant increases in the availability of
oxygen following 48 h of withdrawal from smoking that averaged

eight percent. Such increased availability of oxygen was seen
as improving the chances of survival in surgical operations and
this has direct implications for surviving battlefield injur- , 6r

ies, as well. The probable improved marksmanship and reduced

chance of frostbite following deprivation are described in the

section on military implications.

Will deprivation reduce effectiveness of pilots who smoke?

Several years ago, it was proposed airline pilots not only S •
refrain from smoking while flying, but abstain for at least 8 h
prior to flying (see Dille and Linder 1981). Evidence in

support of this proposal (and against smoking) was provided in
a review by Robinson and Wolfe (1976). Dille and Linder

provided a subsequent review of smoking and aircraft accidents - -

and of literature on smoking effects that led to the conclusion 0

that smoking withdrawal effects in the pilots and other
personnel forced to abstain probably would cause a greater

problem for aviation safety than the small changes in perform-
ance during or following smoking. Both reports may have

reflected biases of the authors, with one against and one for

smoking. Robinson and Wolfe did not include many of the
research articles in their review that have either shown no
effect of smoking on performance or have shown an enhancement

of performance following smoking (see Chapter 3: "Effects of %
smoking on perceptual processes"). Dille and Linder, however,
tended to overemphasize the negative results Robinson and Wolfe , -"

1 A problem exists with this explanation since high

arousal "helps" for the difficult Raven's task of Elgerot . .

(1976) and "hurts" for the difficult paired-associates task of

Klc-:,mi n, Vaug).n, and Christ (1973). •
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1970 111 ,i ssed. a nd fa i Ied t o ote t he tac t t h at 1, i I, .o , I, d I. %. '''. .
"backed up by one or two add it ionalI c rewi-iembers" wou Id 1, :t (,c I. %, .

a ag a in st w i L hd ra wa I eIFffec ts onl p e r fo rmIa nce a s w e e (I eeI e r

ous effec ts of smoking.

Smnk jn _, d ep)r iva t ion ma %, finf luence ocul'ar -c c () m iod it i on aind %.. P., %r,
conversely there may bt., immed iate effects of s mo k ing o n -' '"
a cco-mmodaLition ( see Chapter Ff: " ffectLs o f :smo k ing o n p)e rc p u C C,,-),L A ,,1
p ro c ess.s Test pilot Chuck Yeager repeatedly ha c asm
1-h 1s ab iityv to control the focus of his eves and f-, - a•
i nti n it v was a major factor in hi s ability to dete,,t enemy ' '
a ir cr a ft at coreat di stances andl h is resulItant su,_cess i,';a

S•:7 o ~- '- .p ., ].J ,y...

fight r p iIo t in World War 11 and Vorea. T h is sam 1) a ilIi ty v -F'..''
w o IlId al[lo%, addi tionalI tirme for p ilIo ts t o detect othter aii rcrall I"' "

and( avoid mi dai r crashes . Un ti I research i s c ond u cted Itha 1,*
identifies the probable critical rolIe o f smok in- in d smok ing
deprivat ion on ocular accommodation, the question: "Vill .;,
deprivation reduce effect iveness of pilots who smoke.'" cannot *'-,. -" -"
be answered. .,. ,

C o nclu s ions and mil.itary, implications

Anecdotal evidence indicate-s c:raving for cjogarettles in ,'.,01
some individuals deprived of smokinco is so intense it can be .-
u s ed to extract information. In a pro, rara designed to t rai n ,..,,,
-solId ier s t o wi thhol d in forma t i on f rom the enemy , at le a st one
itra lt u r ed" so Idieor , who was dfeprived of tobacco for a f ew h by

; . . -,P

tobacco (Oberholtzer tpersonal communication 1983) ()e , -e t

rail itarv implication of ni otine gum and other nonsmoking fs wre _ s1,. ,

of nicotine such as aerosols (West el al 1984a) is these
smokin-substitutes can be used to reduce craving in smk king an
soldiers when the are in situations where they cannot sf,;Ii

The airge i(nc e ase in c igarette c ravin and i, on her v---
unpeasant symptoms fol lowin smoki ng deprivat ion in ha b itul

sriokers also will take some toll on performance, particularl y ,5","4..

onl boring or arduous tasks that produce their own share of .---unpeasant svntoms However the decrements in performance •

with smoking deprivation in laboratory trackin tasks are
typically only about 10 percent and usually ar outweighed b-
performance decrements over time or by the effects of addin .-.
con urrent operator tasks. These small chan es ma not be - '
sufe icient to just i f b smokin when o her factors ar e asg in st.

% %de t hl tat m a jace om ation, thpqesItin "W 111 o- 1 o
aes tr 1, t i n 1t set t in is Ihe reduction of Ieofi n uoal f l-sk c

%

t I ermo r L ha I o( i I- s w i t li i.i() k i n g 11[) t i n e nt I ,3 f I t ew h . I'll I ., - , ,
I u d itIrlt t v s t1i 1: n 1 V r ijf e I P I 11) ) i , 1 -. Q 1ad t ~ i 1) ,  1 . ht l ' s',
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% Cocuin anMiiarNmlcain
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hand-held weapons, although research is needed to examine the'e.
probable effects of smoking and smoking deprivation on soldier
marksmanship. Still another definite benefit associated with

smoking deprivation will be improved performance on extended -
physical tasks (if smokers don't react negatively to abstin-

ence) and the longer the deprivation, the greater the improvr- , %
metit. Improved peripheral circulation in deprived smokers
argues for curtailing or prohibiting smoking during cold- =
weather operations to reduce the danger of frostbite. As was A

described in Chapter 3: "Effects of smoking on perceptual

processes," abstinence also may increase visual sensitivity of
smokers.

Another possible factor arguing for smoking abstinence is

truly difficult problem-solving tasks such as Raven's Progres-
sive Matrices may be performed better following a period of m.7:Q1_

smoking abstinence. If abstinence enhances performance on %q
difficult problem-solving tasks, Army leaders and operators oi

complex Army weapons systems (e.g., Patriot) should refrain
%

from smoking during key engagements. However, more research is
needed on smoking and smoking abstinence effects when tasks are •

difficult since some contradictions exist among results of the
few available studies. Actual leader decision-making tasks and

actual complex operator tasks used in Army training would
increase the validity of such research results.
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Chapter 9 p.

Smoking-disease relationships: ,.

Effects on productivity and absenteeism 0

% .

The 40-yr-old who smokes two packs of cigarettes daily can
expect to live 8.8 yr less than the nonsmoking 40-yr-old (Rogot %
1978). Death from lung cancer is more than ten times as likely
to occur in smokers than in nonsmokers (Rogot and Murray .
1980). They also report mortality from heart disease and
emphysema is much higher in smokers than nonsmokers. However,
most of the deaths and debilitation produced by lung cancer and
emphysema occur after soldiers and officers have left theemphsem occu afe %

active Army. The impact of these two smoking-related-diseases
on medical costs for retired military personnel is immense. On
the other hand, Leu and Schaub (1983) analyzed medical costs
and concluded lifetime medical costs are higher for nonsmokers
than for smokers because smokers' higher annual utilization
rates are overcompensated for by nonsmokers' higher life
expectancy. Smokers, by dying earlier, also won't collect
military retirement as long as nonsmokers. However, cost 0
matters are beyond the scope of this report. .,

This chapter will describe smoker-noysmoker differences in
diseases other than cancer and emphysema. -Special emphasis
will be placed on research data collected from military popula-
tions and on diseases or other medical conditions, such as
frostbite, which are particularly salient for military perform-
ance. The section on di-ease will be followed by a review of
smoking-related absenteeism due to illness (and other factors)
as it has been measured in military and civilian settings.

Increased incidence of disease among smokers

Heart disease: As with lung cancer and emphysema, most victims
of heart disease have retired from the military before this P
disease takes its toll. However, coronary artery disease is by
far the major cause of death (Rogot and Murray 1980), and a 0
substantial number of young and middle-aged men do incur fatal
and nonfatal heart attacks. Heart disease probably is the most
important cause of death and serious disability among militaty
personnel in times other than war and, the younger the victim,
the greater the likelihood smoking was a factor. This was most

1 Fielding (198 5 a) has provided a recent brief review that

describes the strong relationship of smoking to lung cancer, to
other cancers, and to obstructive lung disease. A more

extensive review is available from Clee and Clark (1982).

130 %

% % % %% %

4. % . - w - '-. . ..



ZV " 7 -, FI r %

clearly shown by Kaufman et al . (1983) who studied the inci-
dence of myocardial infarction in men oetween the ages of 30
and 54 and related it to cigarette smoking and to the nicotine, p

tar, and carbon monoxide levels of the cigrrettes smoked.
Among 30-44 yr olds, smokers of 35 or more cigarettes daily
were more than seven times as likely to have a myocardial
infarction than men who had never smoked. Even smokers who ,.
smoked less than 25 cigarettes daily were 4.6 times as likely
than nonsmokers to have a myocardial infarction. In the 45-54 p

age category, nonsmokers had a somewhat higher incidence of
myocardial infarction relative to smokers, but smokers of more
than 35 cigarettes daily still were more than 2.5 times as
likely to have a myocardial infarction than men who had never
smoked.

Kaufman et al. also studied exsmokers and found they had
an incidence of myocardial infarctrion only slightly higher than
nonsmokers in the 30-44 age grou) and nearly identical to -.- %
nonsmokers in the 45-54 age group. indicating the importance of
quitting smoking for prevention of myocardial infarction in -. .
young and middle-aged men. They did not find differences in p
tar, nicotine, and carbon monoxide content of cigarettes were '

ielated to the incidence of myocardial infarction, apparently %
indicating the futility of brand-switching as a health measure N
for coronary artery disease prevention.

Bush and Comstock (1983) found similar significant P 0
associations between smoking and cardiovascular disease for
women 25-44 and 45-64 yr. For all arteriosclerotic heart
disease deaths, the relative risks associated with smoking more
than 20 cigarettes daily were 3.6 and 2.2 for the above two age " .-
groups. For sudden deaths from arteriosclerotic heart disease,
the relative risks were 6.5 and 2.7. Women older than 64 did 0

not show a relationship of smoking to heart disease mortality.

A recent study by Rosenberg et al. (1985) showed dramatic
reductions in the risk of myocardial function occurred when
smokers abstained from smoking. For men who had smoked in the
previous yr, the estimated relative risk of myocardial infarc- •
tion was 2.9. Among exsmokers who had abstained for 12 to 23
mo the estimate was 2.0, and for those who had abstained for
longer intervals the estimates were about 1.0, indicating a

level of myocardial function similar to that in men who had
never smoked.

A high concentration of high-density-lipoprotein choles- V-'

terol (HDL-C) in the blood is associated with a decreased
probability of heart disease (Stamford et al. 1984b). Smoking
has been associated with low concentrations of HI)L-C and oNr ....
Stamford et al. (198 4a, 1984b) found that although exercise and
alcohol consumption were associated with higher levels of I S
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HDL-C, men and women who exercised, consumed alcohol, and
smoked still averaged lower levels of HDL-C than men and women
who exercised, consumed alcohol, and did not smoke.

V %
Before leaving heart disease, some intriguing results of %

Friedman et al. (1975, 1983) deserve mention. These authors
found smokers were nearly twice as likely to have myocardial
infarctions as nonsmokers. They also found smokers were more ed

likely to worry about many aspects of their lives (money,
business, etc.) than nonsmokers. Their particularly interest- 0
ing finding, however, was that those relatively few smokers who .. '--
were not worriers were considerably more likely to have heart -
attacks than smokers who did a normal amount of worrying. On
the other hand, nonsmokers when they had heart attacks were
more likely to be worriers than were nonsmokers without
myocardial infarctions. Friedman et al. (1983) discuss the •
need for more research on this interactive relationship between
smoking, worrying, and heart disease.

Stroke: Strokes are the most common cause of chronic disabil- V
ity in the Western world (MacKay and Nias 1979). These authors
also reported one-fourth to one-third of all strokes ocur in - -

men and women under 65, and about six percent occur prior to
age 50. Given these figures, some military personnel are
undoubtedly victims while still on active duty. MacKay and V'.
Nias reported 70 percent of stroke victims aged 65 and under
were smokers compared to 41 percent of a control population.

0They also found 48 percent of stroke victims were heavy smokers
(more than 20 cigarettes daily) compared to only 18 percent of
the controls. 0"

%
Bell and Ambrose (1982) found smoking increased the risk N,

of sustaining cerebral infarction by a factor of 1.9 for men %
0and 2.4 for women. Smoking was not found to be a factor in

primary intracerebral hemorrhage unlike subarachnoid hemorrhage .- .i >
where smokers carry a relative risk approaching four times that
of nonsmokers. In another study, Salonen et al. (1982) found
smoking increased men's risk of sustaining cerebral infarction
by a factor of 4.2 and the risk of other strokes by 2.2.
Smoking was not a risk factor for strokes in women.

Reduced cerebral blood flow in smokers relative to . z-, .A .%.

nonsmokers (Rogers et al. 1984a) and reduced capacity for
increasing and decreasing cerebral blood flow following
breathing of CO and oxygen, respectively (Rogers et al.

2 r 0_1984b), are undoubtedly factors in this increased risk of
stroke for smokers. Rogers et al. (1985) have shown abstention
from cigarette smoking even after three or four decades of
smoking significantly increased cerebral blood flow, although
not to the levels of subjects without a history of cigarette -

IV%
132

%%'

... I% Z. I%

-• -. . . . .. . . . . . . . . . . . . . . . . .":-'-: -i " -



Ni 0

smoking Presumably, risk of stroke decreased as we] I in t hese .- _
people who quit smoking.

Respiratory disease: A number of studies, described by linklea
et al. (1971), have shown smokers are more prone to respiratory
infections than nonsmokers while other studies have shown no

association. They studied acute upper and lower respiratory
infections in cadets at The Citadel and found the incidence
rates for both to be significantly higher for smokers. Smokers ___

were 1.29 times as likely to contract upper respiratory illness
than nonsmokers. For the lower respiratory tract, smokers were
more than twice as likely to suffer illness as nonsmokers.
They attribute their positive results partly to the homogeneity
of their population which reduced potentially importaot sources
of variation such as age, sex, and socioeconomic background
which may have overwhelmed smoking effects in other studies

that have faiied to show a smoking effect on respiratory
disease. They also noted that this difference appeared despite
the rigorous physical conditioning of both smoking and nonsmok-
ing cadets.

Aronson et al. (1982) found women with acute respiratory

tract illness were nearly twice as likely to smoke as women in
a control group (57 percent versus 34 percent). Of the 867 men
and women with acute respiratbry tract illness included in the ".
study, 58 percent were smokers and these smokers had a signifi-
cantly longer duration of cough and a significantly greater *
frequency of abnormal auscultatory finding than did the
nonsmokers. Smith et al. (1981) made similar observations on
1,867 staff members of 12 Australian industries. Respiratory
symptoms were significantly higher for smokers than nonsmokers
both in men and women. Smoking was related particularly to
cough frequency and sputum production. Chronic respiratory *
diseases, such as chronic bronchitis, also are much more
frequent among smokers than nonsmokers and exsmokers (Jedrv-

chowski 1976, McClimans et al. 1984).

Low back pain: Frymoyer et al. (1983) found a strong associa-
tion between smoking and the incidence and severity of low-back *
pain. They found 39.6 percent of men without back pain were
smokers, 43.8 percent of men with moderate back pain were
smokers, and 53 percent of men with severe back pain were
smokers. These results confirmed an earlier study showing
smoking to be associated with back pain (Frymoyer et al.
1980). Frymoyer et al. (1980) speculated smoking may reduce 0
blood flow to the vertebrae rendering the disc more susceptible .. "
to mechanical deformities. Such an explanation also may apply '-,-,

to results of a study by Kelsey et al. (1984) who reported . .
smoking was associated with the incidence of acute prolapsed-,.-.. ..
lumbar intervertebral discs and the more cigarettes smoked, the .1<. .

higher the incidence. These authors did not provide any *
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* definite explanat ion of their results, but increased ro ughin 
by smokers was u uspe toed -ven though reported co ughin sh owed . ,

no association with disc prolapse in their studv. .....

Headache: Schele, Ahlborg, and Ekbom (1978) found 50 percent
of headache suffers smoked compared to 39 percent of controls.

M1arkush et al . (1975) found women who smoked were signi ficant Iv
more apt than nonsmokers to report two or more migraine .
headache symptoms (27 percent versus 19 percent). Moilanen et
al. (1976) studied young Finnish soldiers and found 43 percent .
of smokers and 27 percent of nonsmokers reported frequent
headaches. Other research results reported by Schele, Ahlborg,
and Ekbom indicated no association with smoking (Ogden 1952) or
a smaller incidence of migraine headaches among smokers than
nonsmokers (Volans and Castleden 1976).

Frostbite: The sharplv reduced peripheral blood flow associa-
ted with smoking (e.g., Waeber et a]. 1984) and the related
slow recovery in finger temperature after cold exposure ...

following smoking (Cleophas, Fennis, and van't Laar 1982) both
would he expected to increase susceptibility of smokers to
frostbite. Sumner, Criblez, and Doolittle (1974) found an
association between smoking and the frequency of frostbite in a
soldier population in Fort Wainwright, Alaska. Smokers had a

higher incidence o frostbite than nonsmokers. White soldiers ,-..

showed this effect more strongly than blacks. The effect was
found both for soldiers above and below age 25. The effect was .. .,

strongest among light smokers (less than one pack daily).
leavy smokers (one pack or more daily) had a lower rate of
frostbite than the light smokers. Miller and Bjornson (1962),
on the other hand, found it was the heavy smokers who differed
from nonsmokers (and light smokers) and they suggested the

higher rate of cold injury was related to heavy smoker's
greater tendency to smoke in freezing situations and to the
acute reduction of peripheral blood flow by smoking.

Schuman (1953), as reported by Sumner, Criblez, and
Doolittle (1974), did not find a relationship of smoking to
incidence of frostbite among US soldiers in Korea. Loesser
(1944), in a study described by Miller and Bjornson (1962), did
not find World War I German soldiers who smoked to have any . -
higher incidence of cold injury than nonsmokers. However, no '.-'.

study has shown smoking to reduce cold injury and given the -. '',,
large decreases in circulation to the extremities with smoking,
it is probable that smoking is highly dangerous during environ-
mental conditions than can lead to cold injury. More data are

needed to resolve the questions raised by the apparent contra-
dictions in these research results. Different areas of the
bodv which receive frostbite injury should be considered in

this needed research, given the results of Suter, Buzzi, and
at tig (1983), who foiind vasoconstrictive responses to nicotine
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were considerable with the finger recordings, modest with the
foot record ings, and absent wit h the forehead and the ear ",
r e cor di ngs

Pept ic ulcer: An association between smoking and peptic ulcers
has been est abl i shed in a number of studies (US Department of %
h(ealth Educat ion, and Welfare 1979). Sandberg and Bliding
(1t)76) found recruits and NCOs in Swedish training battalions r

who smoked heavily (more than 15 cigarettes daily) were more
apt to have ulcers than nonsmokers. Kikendall, Evaul, and % 0
Johnson (1984) have provided an extensive review of smoking and
gastrointestinal physiology and nonneoplastic digestive disease
that primarily deals with peptic ulcer disease. McCarthy
(1984) also summarized research on smoking and ulcers and found
smokers were more prone to peptic ulcers, the amount of smoking 0
was associated with ulcer frequency, and smoking impaired
spontaneous and drug-induced ulcer healing. However, Barakat,
Menon, and Badawi (1984) found no significant difference in
healing rate for ulcer patients who were smokers and ulcer
patients who were nonsmokers. However, they did not look at
smoking abstinence effects on ulcer healing. 0 0

Influenza: Kark and Lebiush (1981) found an outbreak of
influenza-like disease among an Israeli training unit of 176
female recruits was much more apt to strike smokers than
nonsmokers (60.0 percent versus 41.6 percent). The disease
also was more severe for smokers than nonsmokers with 83.3 0 0
percent of the smokers visiting the clinic having the disease %
compared to 59.6 percent of nonsmokers.

Acquired immune deficiency syndrome (AIDS): Newell et al.
(1985) found 52 percent of male homosexuals with AIDS smoked e,- e
more than half a pack of cigarettes daily compared to only 24 • 0
percent of male homosexuals who were symptom free. Marijuana
and nitrite use also were significantly higher for AIDS cases
than symptom-free controls.

Schechter et al. (1985) found homosexual males with
ant ibodies to the AIDS virus were more apt to smoke (69 0
percent) than homosexual males with negative antibody status
(62 percent). However, the difference in smoking rates was not
significant. It is of interest, however, that these rates of
smoking for both groups of homosexual males are considerably
higher than the average smoking rates in the male population
and, for some reason, higher for the male homosexuals with and S S
without AIDS in the study of Newell et al.

Periodontal (disease: MacGregor (1984) provided a brief review
of 1) studies that indicated smoking to be associated with an
increase in the severity of chronic inflammatory periodontal
disease; 2) a smaller number of studies that did not find this • S
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N effect; and 3) several studies that consistently showed poorer o ,

oral hygiene in smokers compared to nonsmokers. MacGregor
(1984) also provided data indicating more plaque before and
after brushing of teeth in male and female smokers than male
and female nonsmokers. Although no difference was found in
frequency of subjects brushing their teeth between smokers and
nonsmokers, male smokers brushed their teeth for a signifi- a

cantly shorter time than male nonsmokers, and a similar, though 4

nonsignificant trend was found for females.

Depression: Frerichs et al. (1981) found smokers to have . -
significantly more depression than nonsmokers as measured by .''-.

the Center for Epidemiologic Studies-Depression Index. Kaplan
et al. (1984) alsn found cigarette smoking associated with
levels of depression. Depression was measured by the Beck
Depression Inventory. Nonsmokers showed lowest depression
scores with those who "never tried" lower than those nonsmokers
who "have tried." Amount smoked was directly associated with
depression scores. Salmons and Sims (1981) looked at individu-
als who were treated for neurosis and found they were much more
apt to be smokers than individuals from a control group treated
for varicose veins. Smokers in the neurotic group smoked
nearly twice as much as the smokers in the varicose vein group. ...P
This increased rate of smoking in neurotics held for males and
females in all ages and social classes.

Suicide: Given the association between smoking and depression
described above, it is not surprising that smokers are more apt
to commit suicide than nonsmokers. Niskanen, Tamminen, and
Sakki (1978) studied female psychiatric inpatients. Drinking
to the point of intoxication at least once a mo was reported by
88 percent of smokers and 21 percent of nonsmokers. Suicide
attempts were reported by 40 percent of smokers and 14 percent
of nonsmokers. This was true despite psychiatric disturbances
being milder in the smokers, 26 percent having psychotic or
borderline disorders as compared to 46 percent of the nonsmok- --N
ers, and with schizophrenia four times as frequent in the
latter. Suicide rates were high among schizophrenics and
almest all of these men and women were smokers (Masterson and
O'Shea 1984). Among the neurotics who were twice as likely to
smoke as a control group (Salmons and Sims 1981), Sims (1984)
later reported the rate of suicide was much higher than in the
general population. However, no breakdown of suicide for
smoking and nonsmoking neurotics was provided.

Even in normal populations, suicide is more frequent among
smokers than nonsmokers. Paffenbarger, King, and Wing (1969)
studied characteristics in youth that predisposed to suicide
and accidental death in later life and found smoking in college

was associated significantly with both the rates of suicide and ".
accidental death in former Harvard University students.
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Smokers comprised 43 percent of the men dying from suicide "
whereas they comprised only 33 percent of a randomly selected
control group of students who lived at least as long as the 'AL%'&

suicides and did not die from suicide. A slightly higher
percentage of smokers was found among men who died from acci-
dents. Thomas (1976) also found medical students who had ,._,"

committed suicide were more apt to have been smokers than were
their living and healthy classmates at the same age. Friberg 'v"" .. ''.

et al. (1970, 1973) found the smoking member of twins who were
discordant on smoking was more apt to die from suicide than the 1 S
nonsmoker.

Work absenteeism differences between smokers and nonsmokers .,

Wilson (1973) analyzed data from the 1970 Health Interview
Survey of noninstitutional US citizens. He considered ill-
nesses of all kinds and reported smokers averaged 6.3 d work
lost from work per yr versus 4.4 d on the average for nonsmok- r' '
ers . Former smokers averaged 5.2 d work lost per yr. e" .

Although the survey showed chronic respiratory conditions were
more prevalent among smokers than nonsmokers, the amount of "
work loss associated with these diseases was estimated to be
only five percent of the total time lost due to illness or
injury. It may be that smokers are more willing Lhan nonsmok-
ers to report sickness when the time off is desired for other
reasons (see Chapter 10: "Smoking, abuse of other substances, "
delinquency, and accidents").

A study by Athanasou (1979) of an industrial population
found male smokers showed large differences from male nonsmok- ..P
ers in sickness-related work absence. Smokers averaged 13.8 d %
per yr of sickness absence compared to only 8.2 d per yr for
nonsmokers. Female smokers and nonsmokers each averaged about
12 d per yr of sickness absence with no significant differences % , %
between the groups. %

• , % ,%j,'----,

Holcomb and Meigs (1972) found a similar result when
looking at factory workers in their fifties. Workers who had
never smoked had a rate of 4.42 d work-loss per yr compared to 1 S
5.80 d work-loss per yr for smokers smoking less than a pack
daily, 5.94 d work-loss per yr for smokers smoking a pack daily
and 8.16 d work-loss per yr for smokers smoking more than a j
pack daily. Former cigarette smokers averaged 6.37 d work-loss
per yr. Interestingly, current cigar and/or pipe smokers had'-
only 3.22 d work-loss per yr. This latter result may reflect P.C. '
differences in work or socioeconomic position among pipe
smokers, cigar smokers, and the other groups, possibly even a
reluctance for managers to report or remember their illness-
related absences when completing the questionnaire. %

I* 0
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Athanasou (1975) reported research by Strnad, Fingerland, "' Ile

and Mericka (1969) which showed process workers in a machine
plant had a much larger difference between smokers and nonsmok- -

ers in amount of absence due to illness (3.8 d) than occurred
between nonsmokers and smokers who were technicians and clerks
in the plant (0.6 d). In both cases smokers had more d of
absence than nonsmokers, but the difference between the two
worker groups supports a group difference explanation of the
lower rate of absence for cigar smokers in the research of
Holcomb and Meigs (1972). However, their study is not the
first research to suggest pipe and cigar smoking are less
hazardous than cigarette smoking (Bell and Laing 1969).

Military occupations show an association between smoking

and absenteeism similar to the above results for civilians.
Crowdy and Sowden (1975) studied respiratory ill-health among
British soldiers and found hospital admissions for smokers were
more than 30 percent higher than for nonsmokers. The duration
of hospital stay did not differ between smokers and nonsmokers.
However, Schmidt (1972) showed the number of d of illness with --.
restriction to bed was 44 percent higher for smokers than
nonsmokers in the German Federal Armed Forces. Unpublished .

daa from the US Army Infantry Center at Fort Benning, Georgia,
showed Infantry One Station Unit Training trainees who smoked
had significantly more clinic visits than their nonsmoking
counterparts (Blake, personal communication 1983).

Reports of research reviewed in this section largely have
assumed the smoking relationship to absenteeism was related to .

*, higher levels of illness among smokers than nonsmokers. °
However, in a review of determinants of absenteeism in indus-
try, Smith (1970) noted alcoholism and smoking were both % %

strongly related to absenteeism. Given the strong association
between smoking and alcoholism (see Chapter 10: "Smoking, abuse
of other substances, delinquency, and driving accidents"), some
of the association of smoking to absenteeism is undoubtedly an %

artifact of the smoking-alcoholism link. Research is needed to
examine effects of smoking on absenteeism while controlling for .,.

alcohol consumption as well as consumption of other drugs.

A recent study of smoking and nonsmoking nurses by Parkes
* (1983) also found smokers to have significantly higher absence

rates at work. She found the absence rate for nurses who
* reported smoking in stressful situations to be determined by

their level of "affective distress. Since affective distress
was higher for smokers, at least some of the relationship of
smoking to absence rates of these nurses could instead be
accounted for by their high levels of affective distress. Of
course, long-term smoking itself may cause the affective
distress (see Chapter 6: "Effects of smoking on arousal and
ability to deal with stress, pain, and fear").
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Conclusions and military implications .. P 0_-

Research results from military populations and civilian
populations of military age indicated significantly reduced
disease of nearly all kinds and significantly lower absenteeism
for nonsmokers compared to smokers. These facts provide strong
reasons for reducing smoking in the military through increased N-%

selection of nonsmokers instead of smokers (when other factors
are equal and a choice is possible) and through programs and
policies that prevent the initiation of smoking and which
discourage smoking among existing personnel.
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Chapter 10

Smokno, abi'.po f other i.hb nces,

delinquency, and driving accidents W V

Research over many years has frequently shown smoking is
correlated positively with numerous undesirable traits and
behaviors and the purpose of this chapter is to describe these *
findings. Only infrequently have the smokers turned out to be
the "good guys" and these instances also are included.

To say that smoking causes the problems, such as drug V, 6
abuse, which are described here, is usually inappropriate. -, 1,
Many of these smoker-nonsmoker differences seem to be related
to differences between people at adolescence or early adulthood
that lead some to smoke and some not to smoke. Some of these
differences between eventual smokers and eventual nonsmokers heiv

exist very early in childhood. For example, Seltzer and "N

Oechsli (1985) recently reported results indicating measures
made long before children started to smoke showed significant
differences between eventual smokers and eventual nonsmokers. '
These measures included Type A personality, extraversion,
anger, "psychoticism," lower performance on intelligence tests,
and lower performance on vocabulary tests. Oechsli and Seltzer e %
(1984) showed family characteristics that existed at the birth
of the children account for a significant amount of the
variance related to smoking status of the children when they
grew up. These variables included the mother's age and
education and the father's education and occupation. Rantakal-
Iio (1983) obtained related results for family background -
variables including an association between smoking and being
from a family with a large number of children, and between p
smoking and having a later birth position in the family.

Other evidence of "predestination" in smoking comes from
studies showing lung function of boys who take up smoking is
actually greater, on the average, than lung function of boys
who do not (Tashkin et al. 1983). This correlation of superior %dl

lung function with smoking is more than a little ironic, since,
as the authors point out, following several years of smoking,
smokers' lung function will average less than that of nonsmok-
ers. The existence of early predispositions to smoke also are . .
the message of Kaprio et al. (1982) and Hannah, Hopper, and
Mathews (1985), both of whom studied smoking in twins and
showed genetic traits were highly important (along with k,

environmental factors) in the development of smoking behavior.
However, even when all of the early predispositions and family
constellation variables related to smoking are considered, peer
influences during critical early adolescent years appear to be
the major determinant of whether or not a child actually will
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take up smoking (e.g., Antonuccio and Lichtenstein 1980, %
Salomon et al. 1984).

What has been said above related to early determinants of 0
cigarette smoking largely would apply to other forms of drug
abuse as well. However, in the case of drug abuse, smoking .'V
frequently has been found to precede use of other substances -
(Smith and Fogg 1979). Interrupting the smoking link in the
chain would have prevented some, perhaps much, subsequent drug - -
abuse. 

Smoking, alcohol use, and alcoholism

Dreher and Fraser (1967) found both male and female
alcoholic outpatients were more apt to smoke than the general * 0

population. Only 7.3 percent of male alcoholics were nonsmok-
ers compared to 37.1 percent of the general population. For .

females, these figuies were 9.5 percent and 66.6 percent. They
also found male and female alcoholic outpatients who smoke,
smoked many more cigarettes than were smoked by smokers in the
general population. Seventy-nine percent of male alcoholic *

smokers smoked over a pack daily compared to 32 percent of male
smokers in the general population. Eighty-nine percent of
female alcoholic smokers smoked more than a pack daily compared
to 20 percent of female smokers in the general population. %
Although other psychiatric patients at that hospital smoked
somewhat more than the general population, a later study showed
they did not smoke nearly as as much as the alcoholics (Dreher
and Fraser 1968).

Walton (1972) found 126 of 130 patients admitted for
withdrawal from alcohol were smokers and 123 (97.6 percent) of
these smoked a pack or more daily. Another group of 100
patients admitted to the same hospitals for reasons other than
withdrawal from alcohol was comprised of 62 smokers and 38 . -

nonsmokers with 46 (74 percent) of the smokers smoking a pack ,
or more daily. Interestingly, Walton also found all four of
the alcoholic patients who did not smoke were diagnosed as
being schizophrenic.

Ayers, Ruff, and Templer (1976) also found alcoholic hos- '

pital patients smoked more than nonalcoholic psychiatric pa-
tients. Ninety percent of alcoholics smoked a pack or more -

daily versus 47 percent of the nonalcoholic psychiatric
patients.

Maletzky and Klotter (1974) extended the results of Walton
and Ayers, Ruff, and Templer to nonhospitalized alcoholics,
including women alcoholics. Alcoholic groups had a higher pro-
portion of smokers than controls (100 percent versus 65 percent
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for male controls and versus 54 percent for females) and among ,-."S,V.

Moody (1976) reported a similar result e found 58..,

percent of nondrinkers also were nonsmokers. Among moderate -'

.'=-., - ~

drinke contrsnd ere nonsmokers, while among problemong

drinkers, only 11 percent did not smoke. His sample consisted
of patient volunteers at a southeastern medical center. Other
research that indicates smoking is associated with moderate
drinking and more strongly associated with heavy drinking was
provided by Ferguson (1973). Borgatta and Evans (1968) studied
entering university freshmen and found cigarette use was
positively correlated with drinking beer and drinking hard
liquor, as well as with the number of friends who "got drunk."
Billings and Moos (1983) found heavy smokers were more likely
to report drinking problems than nonsmokers, while light
smokers did not differ from nonsmokers. As all of these
various studies indicate, there is a striking direct relation-
ship between smoking and problem drinking. :,

Part of the association between smoking and drinking may
be accounted for by an increase of smoking caused by use of
alcohol. Mintz et al. (1985) reGently showed smoking increased
during the drinking of alcohol for narcotics addicts partici-
pating in a methadone maintenance program. Significant
increases occurred in the rate and amount of smoking with -

increases observed during drinking periods for 10 of 14
subjects. What is more, the four who did not show the increase
were the heaviest smokers and a ceiling effect probably
prevented any further increase in smoking following drinking.
This coincided with a result for five alcoholics obtained by
Griffiths, Bigelow, and Liebson (1976). However, generaliz-
ation to the general population may be a problem for both of

.F: these samples.

lHenningfield, Chait, and Griffiths (1984) studied the
effects of ethanol on smoking alcoholic and nonalcoholic
subjects. Only for the group of alcoholics did alcohol
drinking produce significant increases in smoking. For the-0
five nonalcoholic subjects, two showed substantial increases in
smoking, two showed substantial decreases in smoking, and for ..

the fifth, smoking remained unchanged. The sample of nonal-
coholics was small, but there was a trend for smoking changes
following ingestion of alcohol to be related directly to the
subjects normal level of alcohol consumption.

However, Nil, Buzzi, and Battig (1984) found the larger of
two On-, of alcohol di irtcnsify cigarette smoking (larger
puffs) compared to a control condition. Subjects were females
who were regular smokers and who reported themselves to be in
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good health and who were not alcoholics or drug abusers. Mello
et al. (1980) also found increased smoking during drinking in
normal social drinkers.. Thev fol lowed occaoional . moderate. .

and heavy smokers over 15 d of unrestricted alcohol availabil-
ity and found increased smoking accompanied increased alcohol
consumption for each type of smoker.

Although alcohol dous appear to increase smoking, the
major factor in the smoking-dinking relationship appears to be
that youngsters who experiment with smoking also try drinking.
Bloom and Greenwald (1984) found smoking and drinking were
already significantly associated among fifth through seventh
graders. Marijuana use also was associated with smoking ind
drinking. Rantakallio (1983) found smoking in 14-yr-olds was
associated most strongly with alcohol use and "having been '

drunk" for both boys and girls in a study that examined
associations between smoking and several dozen family and ...

personal characteristics.

Smoking arid other drug use

Bartol (1975) found smokers to be heavy users of coffee, . .,

amphetamines, and tranquilizers although no comparison was made AIN

with nonsmokers. Prendergast, Preble, and Tennant (1973)
examined drug use and its relationship to cigarette and alcohol .- "v'
consumption among soldiers in West Germany and also among .,- . -.

American high school students (military dependents) in West C- -V
Germany. A strong association was found between cigarette
consumption and drug use with users of drugs (marijuana,
hashish, speed, LSD, etc.) nearly twice as apt to smoke as
nonusers of drugs. When both alcohol consumption to the point N

of drunkenness and cigarette consumption were considered, drug
use was found to occur among 75 percent of high school males
who both abused alcohol and smoked, whereas only 19 percent of
high school males who did not smoke or get drunk used drugs. .%
Similar associations between smoking and heavy drinking and
drug use also were reported for military males and high school "
females although actual percentages were not provided in the
report.

Smith and Fogg (1979) found cigarette smoking was a very
strong predictor of eventual use of drugs among US high school
students. O'Donnell (1979) found use of cigarettes predicted
marijuana use and use of other drugs, but that the relationship "
was small. He found marijuana use was a very strong predictor
of use of other nonmedical drugs. This relative independence
of marijuana use from cigarette use was described by O'Donnell .. "
as a fairly recent change. ie noted that prior to 1970 it was . Z
highly unusual for marijuana use not to be preceded by cigar- %
ette smoking. %
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Hays, Stacy, and DiMatteo (1984) recently found three drug
use measures (hard drug use, alcohol use, and cigarette use)
were intercorrelated significantly, with the average of the
three correlations among the three measures being .34 for high
school males, .!,6 for high school females, .40 for college
males, and .52 for college females. Separate correlations with %
cigarette use were not reported.

Von Knorring and Oreland (1985) studied 18-yr-olds in
Sweden and found regular smokers were more prone to the abuse
of alcohol, glue, cannabis, amphetamines, and morphine.
Furthermore, they were much more apt to report alcohol-consump-
tion-related blackouts and loss of control than nonsmokers,
irregular smokers, or exsmokers.

Smoking and delinquency

A study of British 18-yr-olds showed 80.2 percent of %.
delinquc:its smoked compared to 59.4 percent of nondelinquents
(Knight, Osborn, and West 1977). In a study of Australian
young peoplc, Champion and Bell (1980) found tobacco use
occurred in 82.3 percent of adolescent delinquents and this
compared to 37.6 percent for nondelinquent students of compar-
able age. Alcohol use also was more likely to occur among
delinquents (77.8 percent) than among nondelinquent young ers
(62.6 percent), but smoking much more reliably discriminated "'-
between the two groups. 0

Bell and Champion (1979) found 36.1 percent of 15 to 19-
yr-olds in the general population of Australia who were low in -. ".-

antisocial deviance (had never or very infrequently been
truant, committed traffic offenses, or ridden in stolen vehi- -
cles) smoked, versus 75.2 percent smokers among those who had
frequently committed these minor offenses. An intermediate
(moderate) group on antisocial deviance smoked at a rate of 56
percent. The proportions of low, moderate, and high antisocial
deviants among this population of young Australians were .72,
.15, and .13.

Reitsma-Street, Offord, and Finch (1985) compared antiso-
cial boys and girls with same-sexed siblings who did not get
into trouble. They found the problem children (a minimum of %'..
six instances of antisocial behavior) reported more frequent ,,.% -

and heavier use of tobacco than their siblings who did not get
into trouble. They also found these Canadian problem children .
who smoked, started smoking two yr earlier (10.8 yr of age for

% boys; 11.5 yr of age for girls) than smoking siblings who did
not get into trouble (12.6 yr of age for boys; 13.7 yr of age -

for girls).

144

. . . . . . V



. , ... .: .- . .:. - L, ,. , , ,. . . --, * .- -: ; . . . . . - , , ..... -N,, %,.,wL ,

,, ..., ,.."

,) r ..,, f I it ,, 1T,

o ( h(_' d I -I 0 t u t ,i I l ir it A IIt tI i( It I I 'Io 1 i, ipt 0, w.H

ery &t h g ih t itI wt t ) ru t v .t tiiii i - i :,III i i r .Fo I r d rc it I rs a ii p i I r I, d ) t i 1) i it r i i 1)'
1 0e n Sf at r- LItt , iior1 (4 h TIU t I ;l I ie

ruancv to s king, it is iot surpr in'' that i :' Cm, r.. ,:,,.
grades a lso pr dictud .lnokint in tois s Idv. Api1) ro irt, lV I t
P( r cent ( I \ it leiit .tll l ic iret 1 if Ii illolitI (.i It -

percetit of st udents r ccl vie , "( - 1r l w S iiiimon iid %0' ,4."'M
Pr i maI v e r a ( 1976) II so f oind b th i i Qh s h oil and 1)1 , If cr, L ,o .d
ot nonsmokers to h e signi I ceant lv ihig h ,r , ihan th r ; d Nl- % "
smokers. Rantakal io ( Q 83) found si4ni ficant n e t i v. I, .,

relationship between a I itv in thtorr, iur] ett () it" . d

smoking for hot h bovs a nd girls. iowevt, r , Ilie ita si td iii d ( i,,s i,

Yugoslavia showed no associat ion between smoking status and
academ it c s ccess ( Radovanov i c t a, 1. 1983) . And smok-irs k I r
actual iv o utperfo rmed nonsmokers among IlndeCrg-,raduaties a t the I-.',
Un iv e rs it v of Reading i t .n 2 l and ( %ar bi r t on, e snes , and lRv(, I
1984) .

Truancy, poor fanti I y relat ions, poor acaditmi ( prformance. .n
drinking, number of friends who smoked , and inabi it v to re s t %

pee'r pressure to smoke all were hiihly si9nificantly associated .c.a' I,

W i il .- iaki! g t t , i ',1 V o f tent h-i2raIIer in Jerusalem hio - -,
schools (Saloton I a .I11) . 1 I'(r( i veid p')pItlar it v was
sign ii cant I v higher Io, Into kirs than nonsIm,,k -r , d hlis d I

o be )o p ul a r tia v he 1 p e xpI a i n t hI ( onimIe nI em ('n t o smok i n g and
O hIth drtg use atli on ad d o I esents

AnoLher nani festaL ion of t ruant y in smokl<er s was shown h,'
Oldridge e (1978) who found snoker wer le t-ss ait t ii

compi v than it itihok-'r. with a n exei I s 1 progrimil for mien who) h ad %

suffered mniv i !ri iP, i rct ioil. St ill I otI)t h'r isI t h' c t
Sieit ii)ned, earl i er ((',h i pt e r 5: "I1 e, t o f st ok i rl0 (0 1 i 0 t I\,

processes') that , in a st udv ,)f sm tker-iositmket l t of em S si
long-term retent ion (Mangan anI ( oI ing I() ,) 20 of the '3,

smnokers failed tn report for theI rt ent i ,n se,,4s;io )l that I
occurred 1 mo fo lowing learning, des ite proi;ipt in, the day
before, while none of the 15 nonsmokers fai led to renort anid

St hi s wa s a highly sign i f i c a n t di f f r ( e r e .e e..u-I..

SSc ho field ( 1 909) f oi i both ale a i I id I Ia , I g I is "'%
teefnagers who sfnoked were( more sexual I I )1it i -,( I)ts I tai t ii i

nonsfnoking peers. Twent v per(ceftt of nontokin o hvs were, ):.v ;v;Ii
sexual I v ex per i eno ei antd 23 percent- of imns Ilim) i It g,, . I I . "- i

0 In om pa roIld t o 501 per( etn t of b ho v ;s snmok i n I t n (if Ii t( I I t I rettO .d o pq e ,it v nI) p e c n t n f r I1 It I<. m ki n ('n ('T 11 bI (i)r ' 1' 1.' .1 "1
;I i l v and 35 po'r't of girl'; :--)l ' rii ( l t m' (titt I r 11d'.1.1
;i v' who wet', "esfier ieni ed *." Ko)rgit ; t f I vitm ( 'f' [ : :

o 1 I, I 0 t (f(1 n - w h1 I d' I W et I , i i t i ; I 1 i 1 ,,I I e I

p..~V -r 117' p

WW" ."r r Nr.

*_ ,. 
p

N lie



, ~ .d ...

n,, , no n f-r0k r s.c st es hr( th :i b( v io r: 11) 1) Lu , t ,,,. - .-,.

m o,, k ,r-s t hem s eIv e as w(, e I t Itho10u I ( u~ , I S(s ((i d rc1 1 ,J. Pi t-I. . .I F

f) t ask e d T e en i e(1 Zi r I -; w ho s in 1K (I in it l, o i Hs j I.,) i ,i i iri,i•

(' Tere 1three t i m es i s I i k? e v % to0 UL ' CenIt ra A C1)t IV ',-' d 1s 11 1 , F P.ew
n on sn, o in c o unt e r pair ts i nnd th1i s r, sui 11u 1 o b1 10 t ) 1 w1 ,hi t, ;1 d r .d-

i b cl ! rl i n thle s tudy (I tutnt er, 'v, 1 - Ii I 1 .r n o1

.," v b r r-v 15 3 h o,,- , d snio kin ir,- , d -, .t i , L iI , , r,,, ,1,, ,,,, I d i..
n i t e ra c t i n t he r is k o f c er v ica I a bno r iialI i t V, aLIt houit h on i ta i I""

-,,,- ,,.,, .,,.

,. (1er pePs v ir iis ,an t i bodIice ere m o re c ommion it in sm-io ki n thain- -
n onTismoking, w o men. aberr (personaI c o t u nic t i on, "-)

oun ( oinn in tho rt st'udr who soked h d Firs t itn Lr o r ars e t I
t eark i r , o i Lh, rn women who d id not ; 0nd a so t ound n o i s rio n

wo e r p am e r s a ike t Ls I v to have oi o V on" t i - e
9.x )artn ti s were sinok i n,', wcou te i , percen %ersu -4

e( r c ,' n t ),Z :,_.

,:C~. .,

/a ck b in (1984r Iai havn e found t;, e mo st st r i k i n r ea 1 rtionshipba , vw be n ,- , n . ,, n ( 1) r o m i s i u n t S h f o ua g (, r fe s r s t

itte rs Ur ;tnd |eveI of cioare Lntibe smosk ien were ams( in In tha ed
s' rnon kkV ing woe v _(per a c o n L (peson a c(t i e n in T h C-

r eI t io nsh ip1 wnis st r ik inp !)ar tiC UIa r Iv f or wh it es. A men - t hose

hiav ing- f irst i n tercourse at 1 2 or younge r, 6(1 perc(,nL smiio ked (I
inore- than one-ha Lf pack daily. This percentage of smokers '2Snde cined linearly as the age of first intercourse increased

On el 14 percent of white nirls havino their first intercourse %""'..

a t age m or ta two e a ke than a half pack of cionette i
p,. d i t . es 0

Fo classify promiscuity as delinquncy may be un fair Lnt .
it may e even more ufai r to include fai lure to use s e at be ts -s

in this section on delin iuent behavior a However it i. S he

initerestino that most studies that have i nvestigaited -seatL be it
relge as a function of smokint have shown smokers are less apt .

t o u se s ea t b elIts than nonsmokers. E is e r, Sutton , an d kW eer ,. ..
(1h 79) found 30.5 percent of smokers, 48. 4 percent Of Cked-

smokers, and 56 . p percent of nonsmokers wore seat belts when

riding in cars in asteag of first adults i ru tris s (i1n73)c
ound amon S ninth rade boys and tirls who smoked there was

a sionificantv lower use of seat belts by smokers than b
their peers who were nonsmokers. Cliff, Grout and nachin an.

(198 ) found as cigarette consumpt ion increased, the probabil .'
ite Of s ing seat belts decreased , and in a later studea Grout

S ae (1983) re por ted 41 per cen t o f non smokers "aeway wore i t

seat belts" compared to onl 18 percent for smoker. It 0ohwer

[let sin and Comstock (1977) found onl a smal r ssoc it ion

b)e tw e en s nio k in Z  ind( s eazit bel 1t i us age withI o nl t heC he\,i e, st -. '.
smokers differing from th e nonsmokers and Fiser and lars whe n.1,

140

a significant oseatbet by smers t and

s'thi eer sag who wer nsmokers. clif, Gro u, n<td >,,cti "':-'%"

! ( fu as c r c m irs th e ro

0- 0 . .. %,%,

/' ',% , ' ' et % alq .W (,1983) ... .{%_'% -' ". .. ." reprte'41 peren of"nonmoker .- -' ,"a lwav wore %'""-'' '" .9 . ,,,,
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!(l o f d~n - I ti I Is w i r ir - I ~
l k o(r a ni( on 1 v 4 t n 1F 1 I (I n ) e .. d...i v r n (I r _ r d .d

In~% o,, k. e" l"1 su )

not scok . [he si c ts w eTC voung men ho ( ompl eted 
q es t i on i i re i it t he i r I iF r st week of Ai For r a si c tr ai i n n Ii g-

1raus ' aI . ( 07() ) iI-,o so t d i (,d vo ir IIa t c e a n d f o nd 2 
peir ( ('It o - K o -;iuU i d 0 n F o p it L ( d ( ( e r (' tJ I a r t(ok<,r , v - -

102 1 0 20 r a 1 1r d t (" 39 p er e n t o i I I sI , m ia 1 ( s w Lu ha (d ci ( c 0 .
K' 1r I L t n s As hton e t a I ( 1 7) 7 2 f o u n d m r a c t i o 0 t i :i c- -.

d,ne es m (v It, d in smol ;r w hen 11 K ( r t t rl ed in aI d i Vi 1 1
siu,1 l;tor relat iv e to p r I ormance of nonrsmokers (w!i I e oth(,r S
were reduced). TIhese differences disappeared when smokers were
nut smoking. It Is possible driving performance is impaired ,
dnr ing smoking al though reports 1)y HeimsLra tvpica lIv have " -' -

hown deprived smokers perform worse on driving simulators (see
Cha Pt er 4: ''f fect s of smoking on vigilance, rapid information S 0
pressin , Iaind divided attention ).,

(;rout et a. (1983) found among people who had automobile ....
accidents, the smokers were more likely to have their accidents .

at night (45 percent) than nonsmokers (20 percent). The
S r, 1)0 nd in f i nr s for regu I ar and o( cca s i on a 1 (1 r i nker ' wer e 0 S
S irid 2 1 p r( (,it , and gi ven the correlat ion het ween even '. .

td I 1 it (, dr inkin and smoking, it may be that alcohol use is a ".NN. NN-'

ma joF a c or i n t h e relat ionship of smokin to driv ing acci- '
dents. Another factor in increased accidents at night for J..

In k, r: stIge st ed by (;roit et al . is that smoke particles %
, l) os i t e d on w i n d h i I d s ma v i ncrease glare from oncoming 0

hadl ( i' hts. d.I-t-.s

-t cong evidence that dri n kin is a factor in th increased I..?%
i( d('ntt rates o smokers was prov ided bv Di Franza and Winters
19 5) . They found 65 percent of Boston drivers arrested for

drunk driving were cioarette smokers compared with 36 percent 0 0
of drivers with no such arrests during the preceding yr.
Compared with nonsmokers, smokers had a relative risk of 3.4 of
being arrested for drunk driving.

Another possible explanation for this higher accident rate

;)mon-, smokers comes from the research of Vill iams (1973) who 0
IouI id in)pulsivit y and chance-taking were positive ly correlated
k., i t h srmok ino in teenagers whi le "harm-avo i(dance" was correlated (,d
with no nsmoking in this group. Similarly, Jacobs and Spilken ,.., .
(!71) f(,und e(avy smokers to he signi icant lv higher on .

" t( Tilt. I I eiV(,, aind danger-seeking " traits thi n non smok- . 'N :
'r . ionn and Pri iiavera (197(6) foutd sii krs t ir e k(hrm -

I 47 7"
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selves significantly lower on the adjectiv(.s "reliible and " (1

"careful." Basic differences in personality may account for %.. .

smokers' higher acci dent rate than the rate for nonsmoker.s, .

Howeve., Schori and Jones (1977) did not find smokers (either

smoking or deprived) to take more risks than nonsmokers in a.-

*. passing situation on a driving simulator.
"".". " -,.

Nonsmoking and positive traits

Biersner, Gunderson, and Rahe (1972) found volunteers for
strenuous underwater demolition training were much less 0 pt , - -

smoke than other Navy personnel and this woul] seem to i nd i(lt,
that at least some nonsmokers are "fighters "

llundlebv (1985) compared tobacco and other drug use lvels

of high school students who had outstanding achievement s in

various fiel ds such as academic performance , art , and music %

,i th tobacco and ot er dru, use levels of high school s t u ets t
who were "nonoutstandin-" performers. ie out stand in per for --

ers were much more I ikelv to abstain from tobacco (and other
drugs) than the nonoutstanding performers. .

Clarke, MacPherson and H1olmes (1982) found rounu adul - ."
cents who did not smoke were internals' i .e. they believe

they are able to determine their Iife outcomes through personal ..

effort or ability. Smokers of comparable age were mui h mcI r-
apt to be "externals '' indicating they believe ext ernil fI 1 i > ..

largely control their lives.

Conclusions and militarv implications

Ilarm-avoidance an(I being careful may iot he vitues In
CombT1)a t S ituLAa t io0 IS S im iI la rlyv chan Ce - taik~ n i t nd dan ,(lr -se k in . ..

m av not be vices. It is interesting- to speculate wulitilIr ."
smokers are not more apt to p her heroical V r- in hC)at tihau

nonsmokers. Along these lines, leath ( 1958) rcnorte Harvard
students faced wi ti wart ime service in or Id Wa r II were (m c i U It
more likely to volunteer for combat duty if thev were smokers. .
Nonsmokers tended to select the Navy or to remain in civil ian
l ife. Case studies of the five heaviest sriokers studied by
Hteath showed they typical I v had performed heroica I v in combat
s er vice c a reers. -
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The results of Heath (1958) are, from a period when smoking
was much more widespread in the population and they applied
only to a small number of Harvard University students.
Pfe:;earch isF needed to 1)0ok at hi-hl v decorated combat veterans
o 1 m or e r e cnt (-o n fIi c ts t o d et e rm i-ne i f they, were more apt to W \~'

be smokers t-han thei r less heroic collIe a gules (see Chapter 12: :-

"Needs for additional research on smoking and s oId ie r perform-
an(~ .O(ne would hate to ban smokers or smok ing in, the

mI 1 arv ainl d(dljsc ov er , a s a r es uIt , f ig(ht ing effectiveness of
oin itLs had d im in ished beca use t he bes t "fighter s" had left forr.
oo-ccupat ions where smoking was permittedl.

Vudoubted Iv i f the mi litarv somehow could restrict
nl ist me(n ts t o nonsmokers, there would be far fewer disc iplIi nec,
alcohol iso, and drug-abuse problems in the Army and other -

s-erv ices . Of c ourse, this is unrealistic and will become more
So0 a s c h a nqi ng d em ogra p h ics lead to -sharp reductions in the

.% . ' %

numnber of yout hs avail]able for military service in the next
d ec ade.( II-t te m iIi tary were to restrict driving to nonsmok-
ers , t he-re woo 1 d undoubtedly be fewer vehicul ar accidents . I f
r(-eerch were t o show smokers had more accidents than nonsmok-

ers w h i I d ( r i v i n g" he I i co Pt e rs a nd o t her v eh ice es where l osse s
c orn a(c i dlenit s are costlyv in terms of human life and dollars, .?-

Iit mi hts trYongly a r guie for nonsmoking drivers and pilots (see d
(h ap t er 12: 'Needs for additional research on smoking and

s o Ifi er p) rformance'

AlI t hough enl isted acquisitions probably would not bear a
sc reen ing out. of smokers, except in >lOSs viewed as particuilarly
d esi e uts:1f)1at o(f1fc reer acquisit ions miwght incslude smoking as a

srein a tmo, or awt lea s t a neg ativey-weigh te id conde.r.a-
on., pta numefor the prestigious officer training at the

IS ',i I i edrd to admy and the Brinch mmateriale fcmcer Cand id-a-t-e
(to r e ,(-,nt tofhre tri nnv more applicants tohan ca-n
aI(e (') t d I u t i f i han i t i on f o r o i s c ome as f rCohm the h i _-h proabi I -

it t itnior-of f i r lead e n ers who lire p omokers wil .I.a v e
Iaro .r n m er wour d smoke rs i n t tie i r n i t s n d sm oking n tkee ,np r
smok in n gsd dic r and, onve rsel, tit nonsin g leatders w i l
It a v e f e we r s, mC) k r s i dI I e s m so k i n(, a mon g s muok ers i ii t ht c- i r D 0
un i t s Empir i sc dta a ure n eded t o dete r m i n e iff t ehe rate of
so dier smoking i s inded relaed to mi Ii tary leader smoking
(see Chiapt er 1 2 : Needs f or ad d itional research on smoking and

sol iier p~erformance" ), but this probably is the case for at
ett he f oh ow no reasons. There is a strong influence of

ho presence of (it her smokers on whether or not people smoke S
(Anton u c i o an ni I iilt enst ei n I 0H80 , GCla d a nd A des so 197 6)

Threh ise a ts nt (- ect nf sioking status in o er -scibing g %
rohI rrI on wht her or not a youn person takes up smokin n

pervice r i Aci nt (I js re a sid so k in wi a fbou orned in.-..
Io a lhanein demogt api cs la fo tha I 1re ctios fIi (rh I." I r I tr

numbr i ii i yo th a-il bl Io m I t r s r ic Ih ne t. . .

%- ,% .. .~ . . . .
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abuse drugs, to be delinquent, to be sick, to become pregnant,

etc., this probable causal relationship between abstinence of

smoking in leaders and relative abstinence in their soldiers

should be explored and exploited if it does exist.
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Chapter 11

Associations between smoking and other * 0

factors of potential relevance to soldier performance *1s.' U..t 
-

Cerebral blood flow

Wennmalm (1982) reported the flow of blood to the brain
increased by 25 percent immediately following smoking.
However, in several studies where smokers were compared to
nonsmokers, smokers showed lower levels of cerebral blood flow.
Kubota et al. (1983) found a 12.5 percent reduction in smokers , %
compared to nonsmokers. Rogers et al. (198 4 a) also found N -

cerebral blood flow to be significantly lower in smokers who,.
smoked more than a pack daily than in nonsmokers with the . ,,

difference on the order of nine percent. Rogers et al. (1984b) .,>.s '

showed responsiveness of cerebral blood flow to exposure to
carbon dioxide and oxygen was reduced in smokers compared to ,%.Fp
nonsmokers. Exposure to oxygen normally reduces cerebral blood
flow and such reductions were 24 percent lower for smokers who
were not at risk for stroke and 34 percent for smokers who were
at risk for stroke. Carbon dioxide exposure increases cerebral
blood flow and such increases were 48 percent lower for smokers r.

who were not at risk for stroke and 56 percent lower for
smokers who were at risk for stroke.

The implications of these smoker-nonsmoker differences in
cerebral blood flow for the increased stroke risk of smokers
were discussed in Chapter 9: "Smoking-disease relationships:

effects on productivity and absenteeism." However, cerebral
blood flow is an important correlate of cognitive activity and
shows variation across brain areas during different cognitive *
tasks (e.g., Roland and Friberg 1985). If smokers have a
diminished capacity to muster needed blood to key areas of the
brain, as the results of Rogers et al. (198 4 a, 1984b) suggest,
this could account for results such as those of Elgerot (1976),
who found poorer performance of smokers on difficult reasoning
tasks including Raven's Progressive Matrices. 0

Given this decrement in cerebral blood flow as a result of
habitual smoking, the question arises whether a change in

smoking status will return cerebral blood flow to normal.
Recently, Rogers et al. (1985) have shown abstention from
cigarette smoking significantly increased cerebral blood flow, * 0

even after three or four decades of smoking. However, this
increase was not to the levels of subjects without a history of -

cigarette smoking.- . 1
151 ". "=4
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Slow wound healing and reduced reactive hyperemia

Mosely , Finseth, and Goody (1978) f ound injections of
nicotine greatly delayed healing of wounds which were cut into
the ears of rabbits. This experimental study had its origins
when they observed a patient with a fingertip ulcer which did
not heal until the patient terminated his heavv smo king.
Possible mechanisms suggested for this retardation of the .0
healing process included the vasoconstriction associated with .
nicotine which would reduce nutritional blood flow to the wound
area. Smoking during recovery also has been found to be %
devastating for the results of surgery to reattach fingers % 6

(Wilson and Jones 1984). % %A%1I

Smoking also significantly attenuates reactive hyperemia
which is the increase in blood flow to an organ that has had a
temporarily reduce blood supp v. This boo'st in blood flow
helps to prevent tissue damage. There is both an immediate %
reduction of reactive hyperemia with smoking (Wennmalm 1979)
and a difference between smokers and nonsmokers with reduced
,eactive hyperemia for smokers (Richardson 1985). Slow wound
healing and reduced reactive hyperemia associated with smoking
appear to have enormous implications for combat military
operations with their heightened risk for injury.

In two recent papers research was reviewed on physiologi- -
cal effects of smoking in an effort to determine smoker risks
following surgery and whether or not smoking should be termin-
ated for some period prior to surgery (Jones 1985, Pearce and
Jones 1984). It was concluded even 12 to 24 h of abstention . 0%
would significantly reduce surgical risk with longer periods of
abstention providing additional risk reduction.

0

lung clearance

Cohen, Arai, and Brain (1979) used unique magnetic sensor
technology to study long-term clearance of dust from the lungs.
They found after i mo, smokers still retained 50 percent of
the iron oxide (Fe 3 04 ) dust they had inhaled into their lungs
at the start of the experiment compared to only about 10 A.-
percent residual dust for nonsmokers. Vallyathan and Hahn
(1985) compared whole left lungs of smokers and nonsmokers
obtained at autopsy and found significantly greater concentra-
tions of aluminum and silicon in the lungs of smokers. The

0concentration of these minerals in the lungs of smokers was •
associated significantly with the amount they had smoked during
Slife

Cohen Ar a i and trai n ( 1 79) cite the decreased abi litv
- sm(kers to c lear dust part c 1(- from their lungs as a %

] ~~~1 5 2, ..- ". ,,
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possible factor in increased cancer amono asbestos and uranium %
workers who smoked compared to their nonsmoking colleagues.
Vallyathan and Hahn (1985) viewed both increased exposure to -

particles and decreased capacity for lung clearance as the .

basis for their result. High ability to clear dust particles
from the lungs would appear to be very important for effective % %
combat performance in dusty and smoky battlefields, as well.

Tobacco smoking effects on medical drugs .

D'Arcy (1984) reviewed literature on the effects of
tobacco smoking on the metabolism of a number of drugs. For
the majority of drugs where smoking interactions had been
examined, there was little problem. For insulin, propoxyphene,
propranolol, and theophylline preparations there was some
'idence of an interaction with tobacco smoking that could be

of clinical importance. For example, smoking leads to in-
creased dosage requirements for insulin. Vinarova, Vinar, and "we
Kalvach (1984) found smokers needed higher doses of the
neuroleptic drug chlorpromazine. The effect was explained on
the basis of higher enzymatic activity in smokers which would .•.
accelerate the metabolism of the drug. Stimmel and Falloon
(1983) found a patient had higher plasma levels of chlorproma-
zine and very different reactions to the drug when he quit
smoking .

Research is needed to determine interactions of tobacco
smoking with drugs, such as atropine, which will be used to
counter nerve gas and other toxic agents on the battlefield.
Presumably, the toxic agents themselves may have different Z
effects on smokers and nonsmokers independent of countering
drugs. Caffeine, for example, has been shown to be cleared
nearly twice as fast in smokers as in nonsmokers (Parsons and
Nelms 1978).

Varicocele incidence

A varicocele is a varicose vein which typically causes an
enlarged mass in the left testicle, From 8 to 23 percent of
all males suffer from this condition (Belker 1981, Handelsman
et al. 1984). Varicoceles have been implicated in reduced
fertility (Belker 1981), smaller left testicles (Handelsman et
al. 1984), and increased height (Handelsman et al.). Although *
the research is controversial, some studies have reported -.

diminished testosterone production in men with varicoceles, as
well (Ando et al. 1983, Raboch and Starka 1971). Discomfort %,
frequently is associatcd with the large testicular mass, %,V
particularly following strenuous activity. Klaiber, Broverman, -
and Vogel (1980) reported a much greater incidence of vari-

S53
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coceles among smokers (22 percent) than among nonsmokers (9.5
percent). However, Ducot, Mayaux, and Spira (1981) and
Handelsman et al. (1984) did not find any difference between
smokers and nonsmokers.

Research is needed to determine if this condition is re- %
lated to smoking, and regardless of that association, research
is needed to determine the extent to which a varicocele reduces " .,_

testosterone production, alters growth patterns, and impairs
performance of soldiers. Performance impairment could occur
via hormonal mechanisms or simply for reasons of discomfort as- k _,
sociated with enlargement of the scrotum. White et al. (1981)
developed techniques making surgical correction of this condi-
tion possible on an outpatient basis. .

Body size and weight ,

Seltzer (1959) reported heavy smokers were less apt to e. -,,

have a masculine physique than nonsmokers. Damon (1961) was
riot able Lo uuitirm Liis result, although smokers were found to
be leaner than nonsmokers. Wack and Rodin (1982) found smokers .. ,
generally have lower body weight than nonsmokers and that one
frequent consequence of quitting smoking is weight gain.
Hunger is one reliable correlate of smoking deprivation (West
e t al. 1984b ). 

'

Body sway

Uchida et al. (1980) found smoking of a single cigarette
(12 deep inhalations at intervals of 15 s) produced a sharp
increase in the amount of body sway that lasted for several min
after smoking. Visual fixation on moving targets largely
suppressed this smoking-induced increase in body movement.
Closing the eyes caused it to return. Reflex eye movements of
subjects during eye closure differed greatly between smoking
and control conditions. During smoking, subjects produced
short high-frequency eye movements instead of the slow large-
amplitude movements that occurred prior to smoking. This
reduction of subjects' eye drift following smoking may reflect
the same process that caused changes of vestibular nystagmus
with smoking reported by Tibbling and Henriksson (1968).
Although Uchida et al. do not discuss practical consequences of
these changes in posture, body sway, and eye movements with
smoking, they may bear on the performance of soldiers in
tracking and aiming tasks.
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Sleep difficulty 0%

Soldatos et al. (1980) measured sleep in a laboratory and '

found smokers took significantly longer to get to sleep than.-.---

nonsmokers (43.7 min versus 29.8 min). Although coffee ' 7'--.

• • • ~~ "A- ,* . .*

consumption was greater for smokers, this was shown not to be a " .-.
factor in these sleep differences. A second experiment by

these researchers looked at the effect of smoking withdrawal on >
sleep parameters. Smoking withdrawal led to a significant

immediate increase in the amount of sleep, largely as a result -. , ,..

% A- - -.

of falling asleep much more quickly This faster sleep .to..
occurred despite s deree A discomfort associated

with the abrupt withdrawal from smoking.

Browmjn, Gujavarty, and Mitler (1984) found people with •
narcolepsy reported less daytime sleep if they were smokers,

but in a laborator sleep experiment narcoleptics who smokedt -'

actually fell asleep significantly more rapidly than nonsmoking
narcolepticsp Narcolnetics who smoked slept an average of 40 %

min less at night than nonsmoking narcoleptics. This differ-

ence did not reach significance, but it may help explain the •[

faster falling asleep during the day for smokers than for .. .%

nonsmokers.

Palmer, Harrison, and Hiorns (1980) interviewed more than
800 people repardin their smoking and sleeping habitsmkr,--.

Smokers slept less than nonsmokers and the amount of sleep was

inversely related to the number of cigarettes smoked particu-g
larly for males. Nonsmoking males averaged about 7.3 h sleep
nightly. Males smoking more than 40 cigarettes daily averaged

less than 6.5 h of sleep per night. Questions related to sleep "-%...--.qeid nshowed some relationship between very heavy smoking and '

poor slenp quality in women. However, for men, there was no • •

relationship betwccn reported sleep quality and cigarette ''. ..consumption, even amon those who were very heavy smokers.

Hatsukami et al. (1984) found deprived smokers reported h
they awoke more frequently during the night and remained awake

for longer periods than when they were not deprived of smoking

materials. Hatsukami et al noted the contrast between these-
self reports with the actual sleep data reported by Soldatos et

al. (1980). A possible explanation of this difference whichaver

they suggested was that smokers, when deprived of tobacco, may,. '-,
have had more REM sleep which they perceived as not sleeping.

Bale and White (1982) administered a survey to women who
were physical education or sports science students and found

aarcolepsy is a euro ogical dporder that eads toe

excessive sleeping during the day. taw

15 5

forloner erids hanwhe thy Fwr no dep'riv'e *" ofsokn

sel reot wit th acua sle dat reore by %odao et1 .

haveP ha mor REM slee whc the perceved as no leeing
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smokers, who constituted about 25 percent of the population,
reported less h of sleep nightly on weekdays, more dreams, and
poorer quality of sleep. Smokeis also reported more headaches,
more back injuries, more problems with nerves, more worrying
thoughts, more depression, morE bladder and menstrual diffi-
culties, more weight loss, more use of unprescribed medicines,
more alcohol use, and more alcohol abuse than nonsmokers with
all differences significant at at least the .05 level. %

It is not totally clear what the implications of this
reduced amount of sleep for smokers are, or if and how the
reduced sleep of smokers might affect soldiers in combat
settings. Presumably, if nonsmokers get to sleep faster, this
would enable them to get more sleep in extended combat opera-
tions where only "catnapping" is possible.

Left handedness %..

Harburg, Feldstein, and Papsdorf (1978) found left-handed
people were significantly more likely to be smokers than right-
handers. Sixty percent of the right-handed subjects in their
sample were smokers compared to 78 percent of left-handed
subjects. Among people who smoked, left-handers were found to
smoke significanLly ri2 than right-handers. This association .
of smoking with handedness parallels findings of an association
of birth stress (Bakan, Dibb, and Reed 1973) and alcoholism
(Bakan 1973) with left handedness. A more recent study
corroborated this difference between right-handers and left- . .
handers for both smoking and drinking (Harburg 1981). -. * .-

, -. ,

Passive smoking effects

Smoking not only influences the performance, mood, and
health of the smoker, it also has effects on the health and
attitudes of people around the smoker as well. Russell, Cole, .
and Brown (1973) found nonsmokers can develop levels of -b
carboxyhemoglobin (COHb) comparable to those of light smokers
just by breathing smoke-tilled air in poorly ventilated rooms.
The effects of COHb have been described in earlier sections
and, although low levels generally have little measurable
effect, it is possible some slight degradation of perception,
endurance, and other performances can be expected as a result
of passive smoking in very smoky environments. s

Russell, West, and Jarvis (1985) recently showed passive
smokers get only one-third of the nicotine a smoker gets from ,

cigarette smoke. Nicotine apparently is associated with
passive smoke particles that settle to the floor or do not
otherwise find their way into the passive smoker's lungs. Any
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nicotine-based benefit from smoking such as improved vigilance
is not apt to be experienced by the passive smoker. However,
the passive smoker gets a full passive-smoking dose of carbon - -
monoxide and benefits from CO are largely nonexistent. 0

• ,, . . .,,.

Health risks of passive smoking probably are real (Lefcoe
et al. 1983, US Department of Health, Education, and Welfare
1979), but at least one pharmacologist generally disagrees
(Aviado 1986). Passive smoking health risks certainly are "1
dwarfed by the much greater health risk for the smoker himself I -
(see Chapter 9: "Smoking-disease relationships: effects on
productivity and absentceism"). But it follows logically that
if large exposure to cigarette smoke, as occurs in the moderate
or heavy smoker is bad for health, lesser exposure through
light smoking or passive smoking will be worse for health than
no exposure at all. It is true the pattern of alcohol use and -
health is one where light-to-moderate use actually is better
than none (Baum-Baicker' 1985). For example, alcohol actually
increases the amount of high-density lipoprotein cholesterol.
However, this alcohol exposure benefit probably does not apply %,
to cancers related to alcohol use which typically show increas-
ing incidence as a function of dose. Given the major associa-
tion between smoking and iung and other cancers, including
direct associations between the rate of these cancers and the
amount of smoking, tcncfits from small exposure to tobacco
smoke probably do not exist like they do for alcohol.

Oborne (1983) found detrimental effects of passive smoking . .

on an auditory detection task and on Raven's Progressive
Matrices. Subjects performed these tasks twice, once with a
confederate present who smoked to provide the tobacco smoke
environment, and once with a confederate present who did not , .
smoke. Sex of the confederate and order of smoking and *
nonsmoking trials influenced the results and Oborne did not .
view the decrement during passive smoking as an effect of the .
carbon monoxide, nicotine, or other component of the smoke
inhaled by the subject. Oborne instead viewed subject annoy- .

ance with the smoking partner as playing a major role.

Other research has shown that passive smokers often are .-

upset by the exposure to tobacco smoke (e.g., Zillman, Baron,
and Tamborino 1981). Nonsmokers obviously are not receiving
sufficient nicotine through their passive smoking to reduce
aggressiveness as Cherek (1981) found reliably occurred for the
active smoker. However, it is of interest that complaints
about the effects of passive smoking tended to disappear if the
passive smokers were highly involved in work tasks (Stone,
Breidenbach, and Heimstra 1979). ,,

D 0
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Conclusions and military implications

Blood flow to the brain is critical for effective neural
functioning and behavior. The diminution of such blood flow * S

with long-term smoking may reduce cognitive performance and the
increase in cerebral blood flow following smoking cessation may
improve cognitive performance. The prospect of improved
cognitive performance may be a strong motivator for smoking
cessation for those people concerned about preserving and 1%

enhancing their cognitive performance.

The problems of smoking and the healing of wounds and for
rapid restoration of blood to deprived tissues have tremendous
implications for military personnel who are likely to receive
battlefield injuries. Large military implications exist for
the slow clearance of particles from the lungs by smokers given 1 0
the heavy levels of smoke and dust on future battlefields. V
There also appear to be large military implications of the more
rapid clearance of medical drugs by smokers which could
interfere with drug treatment of illness or injury and inter-.'-.-
fere with drug pretreatments designed to protect against
chemical agents.

Sleep will be a critical factor in continuous military ,
operations (Department of the Army 1983) and the poorer sleep %
of the smoker may put him at a disadvantage compared to the
nonsmoker and deprived smoker. However, more research is I
needed on the effects of tobacco use (or use of other forms of V%--.' -

nicotine) in continuous operations. Increased body sway
following smoking, as the earlier reported increased muscle
tremor following smoking, could reduce marksmanship with rifles
and other hand-held weapons.

Passive smoking may become an increased problem for .. 0
performance of "sensitive" nonsmokers as more soldier opera-
tions take place in vans and other indoor settings and as more
Army attention to the dangers of smoking increases nonsmoker
sensitivity. Even if performance on some military tasks was
shown to be improved following nicotine administration, passive
smokers would not receive enough nicotine to share this benefit. .. -

1 58
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Chapter 12

Needs for additional research on
smoking and soldier performance .

Conflicting research results were described in the
previous chapters and the recommendation frequently was made
that additional data were needed to resolve these conflicts.
In addition, in many instances data did not exist that related
long-term and short-term effects of smoking to the intense
stressors and unique tasks that characterize military opera- .-
tions. This chapter describes a number of key areas where
additional research on smoking and soldier performance could
provide major payoffs of improved soldier and unit performance,
as well as payoffs in terms of increased knowledge about the
effects of tobacco and nicotine on human performance. Some

research needs which were discussed (e.g., the effects of . ''
smoking on duration of visual aftereffects and the smoking-eye- . _ •
movement effects on scalp recordings of "brain" activity)
primarily are of interest to physiological and psychological
researchers and will not be redescribed. 0 0

Smoker, nonsmoker, and deprived smoker differences -
on military vigilance tasks

Smokers occasionally have been found to outperform -
nonsmokers on laboratory tasks requiring attention over long ' '
periods (Wesnes and Warburton 1978). Many military watch- . '.

keeping tasks in the field and before CRTs or other display
devices in vans or other shelters, would appear to fit this
vigilance-task category. Research is needed to determine if
smokers have any advantage over nonsmokers in real-world -
vigilance tasks as well as laboratory vigilance tasks. If they
do, other research is needed to determine if other sources of k.
nicotine can provide the benefit since lighting and smoking
cigarettes is not appropriate behavior for sentries, day or
night. The effects of smoking deprivation on these military
vigilance tasks also is of major interest. This research % V
should compare soldiers who are nonsmokers, nondeprived
smokers, and deprived smokers on their performances of military
vigilance tasks. '

Smoker, nonsmoker, and deprived smoker differences
on rapid information processing tasks .,

A large number of operator tasks on new Army weapons
systems involve monitoring of CRT displays and responding to
rapidly changing displays on keyboards or other terminals. The
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rapid information processing tasks studied by Wesnes (1985) and
other researchers bear much resemblance to the tasks performed
by operators of the Patriot air defense system or the Aquila
remotely-piloted-vehicle. Research is needed to determine if 1
performance on these critical operator tasks is different for N_. %

operators who smoke and for operators who do not. I-or oper-
ators who are smokers, performance during conditions of smoking
and during different periods of smoking withdrawal need to be
compared.

-' ..

Smoker, nonsmoker, and deprived smoker differences
on complex military problem-solving tasks

Elgerot (1976) found an intelligence test, Raven's
Progressive matrices, was performed better by smokers when they 0 0

were deprived of cigarettes for several h. This result is
contrary to many results for deprived smokers on vigilance %
tasks or rapid information processing tasks in which deprived
smokers are at a disadvantage. The Elgerot result suggests
that when decision-making tasks or other cognitive tasks are
truly difficult, recent cigarette smoking is a hindrance.
Unfortunately, little other relevant data exists and the
Elgerot study needs to be replicatcd. Complex military .%,*. .,

problem-solving tasks should be used along-with Raven's task to
increase the validity of results from this important research.

I S

Exercise duration and physical performance differences . . "
between smokers and nonsmokers

Smoker-nonsmoker differences in cardiovascular performance
often did not appear in laboratory research if the duration of
the physical exercise was short and the subjects were yeuno.
Two-mi runs, on the other hand, frequently showed differences
between smokers and nonsmokers even when the s,,b Jects were less %
than 20 yr of age (Cooper, Gey, and Bottenberg 1968). One
outcome of the jogging-running movement of the last decade has
been to increase awareness that anyone has the capacity for
prolonged aerobic activity given proper training. It is highly .
likely that the ability to run 10 iii translates into vastly
improved performance in traditional infantry operations.
Research is needed that compares smokers to nonsmokers on
oxygen debt following cardiovascular work of varying durations
including nurations of more than a 2-mi run or its equivalent.
Smokers ,,hould be broken (town into, two or even three, categor- .,..,.

ies bast d )n t he amount t hey smoke. I)i fferent age ranges such .

as 18 -23, 24-30 , and 30-40 should be tested to estia l ish a,, u
effects ilong with smoking dural ion effects. )ependcnt " " -
vi riable would be the ti me requi red for th(' pul. to r c t i tn o
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different distances.

It is anti cipated Lh is e,c rc i I I rpc (l etc'rr or
ation in smoker- performance omare- (d to n11 ake 1efoa IT

as the work duration increased. SiIlIa rly soer -no nroke r
ditfferences would be expected to i nc r ea se a s age inc reased
because of cumulat ive negative ef fects of smno k ine on the
card iovascul ar and pulm nona ry syvstms JDiscnssions with combat
veterans illdIi Cate t he cardiovascu la r demiands of combat situa-
tions frequently greatl\', exceedl the c ar d iora s cular demands of
anriy phy1s IcaI- f it nes s -t1e st evnt CVVCi he results of t h is research
could provide a basis for briefings, videotapes, or films
informing soldiers and their leaders about the devastating
effects that long-term smoking can have on their performance
(and chances of survival) in combat situations.

Research on differences between smokers and nonsmokers
on dark adaptation -:-

TFh- studie- of Young and Erickson ( 1980 ) aniid luc-it-Ja and. d
McKay (1979b) indicated Substantial differences favoring;
nonsmokers in the time required to detect dim targets followin-

exeure to0 ligoht s. Research s nee d ed w it h a va rie tyv o f d ar k
adaptation tasks (eg dif ferent tag d distances, foveal
targoets, and peripheral targetsts) t o dle t iurniniie i f t h e se aI ir ge
differences are real. I f s o, t he r es uIt s %wo ulId p r ov%,ide some -

the strongest bases for selecting nonsmokers for night f igh t-
i ng . Smokers in thi s research shoulId be ogi ouped by, smok in g
experience with age-matched nonsmoker cont r oIs . Fo rmne r smokers
S houil d b e i ncluiid ed t o d et er m ine i f anyi sno ker - ion s mo ker d i f f er- -
ences which might be identified arc reversible. TFhe Lucia and
c K ayv (19O7 9a) improvement in sinicker ii"-ic vision over several 'I t

o f abstent i on f' rcm smnok ing al; Iso sheiilId I)e- (-xiiinledI in thi s
r e s ea r ch

Res ea r ch on tI cie im e d iatc e F f I ml n!mohi ng on dadsr, a dap1)t a t

In no a rea, (eLxcEp t pe iha ps i li e cIf ec.t s of sming n l. II
testost erone prodUC t i Onl) were more ccnrt r ad ict 01 v~ r'-ul

Srepo rtLed he re ti han i n th e r e sea r ch o n theit imiiij- hat cUf fcc2t s of
smok ing on ra t (,of d a k ad apt a t i oii jndI f inalI n igh t vs ia o ii
1ev~ V . Somine stI 'd ie s I o u 1d d ec r e i' (Sl tI(-Ir d I1940) the r
f oundc ii pri)v eric iit ( I 'r oe e I , itoi i s , ai ald HL [I 1 I I l I lic

I, oi r a 1 1) I le f i sn k i iI i d c t r I Ii it I I i i ) i lt i i i i5

;I ~ If d 1 oiia I I h lid1, t t i li t ho di os I d
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ous combat operations. It is important to determine whether or
not tobacco use is detrimental to this performance, or whether
or not nicotine (preferably administered by nonsmoking methods)
might actually facilitate vision in low light levels as some i S

studies suggest. Since smoker-nonsmoker differences in night
vision and dark adaptation were controversial and since :.s- -.
nonsmokers also might benefit from nicotine administration in
tablet, gum, or aerosol form, this research on the immediate
effects of smoking or other forms of nicotine administration W4. ,

should include a nonsmoker control group. , S

Smoking and changes in ocular accommodation and convergence

In darkness and in visual situations where there is little
or no contour, the eyes tend to adopt a "resting" position of I 0
about two-thirds of a m (Leibowitz and Owens 1978). This
applies to the convergence of the eyes and also to the state of
ocular accommodation of each eye. No research has been
conducted on the effects of smoking or nicotine on the resting
position of accommodation and convergence. As mentioned in

4 Chapter 3: "Effects of smoking on perceptual processes," some i S
of the contradictory findings in regard to smoking and dark
adaptation could have resulted if smoking caused changes in the
focus of the eyes that made dark adaptation test targets less
visible for smokers than for nonsmokers (or conversely, made
them more visible for smokers than nonsmokers in those studies
that showed smoking to facilitate dark adaptation). The I

research by Tibbling (1969) and Uchida et al (1980) showed the V.
influence of smoking on extraocular musculature and these
results augur for effects on the intraocular ciliary muscle ,, %.A

that changes the shape of the crystalline lens, as well. .--
Research is needed to measure the effects of smoking and ." ..
smoking deprivation on the resting states of accommodation and . 0
convergence. This research would use accommodation-measurement
techniques such as the laser scintillation optometer (Leibowitz
and Owens, 1978). One possible outcome would be that smoking
causes pilot visual performance to be att nuated when looking
through windscreens for distant aircraft. Alternatively,
smoking deprivation may be a potential threat to a pilot's S
control of visual accommodation.

l 'est pilot ih u k- Y (a,; ger (I a i f ed h i s s u c c ess as a f i g h t e r:

- pilot was la-gely relat ed to his iti li v to control his
accommodation and t o flocus his eVeos it great (ist arlces eve n1
when t lire wer e no ob j,( i t it ho., d ti n 1 t .n s

.) ..
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Effects of smoking on fflinching" and other factors -s*,-

in marksmanship training . .

Smoking reduces the magnitude of large-muscle reflex ,

activity (Domino and von Baumgarten 1969) and one expected
effect of smoking would be to reduce the magnitude of large %
muscle movements such as flinching while shooting. Another -"5 -*
expected effect of smoking, would be to reduce the ability to
hold the weapon steadily due to sharply increased muscular
tremor (Lippold, Williams, and Wilson 1980J). Ironically,
smoking thus could potentially improve the performance of the -- .
bad shooter while hurting the performance of the good shooter. .
Given the wide range of perceptual and motor systems involved
in rifle marksmanship, other effects of smoking on marksmanship
than these also might occur. For example, the speeding of some • •
mental and perceptual processes by nicotine and smoking (Wesnes
1985) suggests a possible improvement of performance following ) .W r I?
smoking in situations where numerous targets appear for brief
periods and rapid pointing and shooting of the weapon is
required. In addition, the pronounced increase in front-to-
back body sway found by Uchida et al. (1980) suggests smoking
would have a substantial effect on a task such as off-hand
rifle shooting or tracking of moving targets with a hand-held -
weapon or other tracking device. Research is needed to
determine whether these body--sway changes with smoking do have ....

any detrimental effect on such real-world tasks. The time ..--

course of any such effects during and following smoking also
would be of interest. Empirical data are needed that look at
the effects of smoking on shooting as a function of time since - .
smoking. Other research is needed which compares smokers,
nonsmokers, and deprived smokers on different shooting tasks. - -.• .~ .p%.%. ,,'

Effects of smoking on arousal in stressful training settings

Many indexes of physiological arousal typically show

increases with smoking (Gilbert 1979). However, most studies - I0
of the effects of smoking on physiological arousal use subjects ..'f-

who are in relatively nonstressful situations. Research is
needed to assess the effects of smoking on physiological and
subjective arousal when the subjects are highly aroused for
reasons other than heavy physical work. Airborne trainees
awaiting their initial airplane jump, constitute such a highly '.

aroused population. Smoking of cigarettes with different
levels of nicotine and administration of nicotine by nonsmoking
methods, such as tablets or aerosols, may reduce physiological -
arousal in these: situations. Even heart rate, which nearly
al.ways is elevated by smoking, might decl ine in this highly
st ressful situntion which produ(o.s highly l vo l (,d he;rt rat(,-
in most t rai flees (Dver ind Burke, unpubl i dhed .tudv) If -o

10)
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this finding would help reduce Nesbitt's Paradox by showing '
emotion-calming and reduced physiological arousal do occur
together. Performance of nondeprived smokers, deprived smokers
and nonsmokers should be compared in this research. 0

Effects of smoking and amount of smoking on success

in stressful training

Nesbitt's Paradox (Schachter 1973) provides contradictory
predictions of the effect of smoking on success in stressful
training such as Airborne and Ranger training. If the per-
ceived calming of the emotions were the key result of smoking,
this could reduce stress and facilitate performance. If the
major effect of smoking were only to further boost physiologi- -

cal arousal, smoking could impair performance. Mlany of the
stressors in Airborne and Ranger training involve heavy
physical work and smoking would be expected to reduce the -. - .

capacity of trainees to perform adequately. Research is needed
to determine the differences in training attrition and training
performance for smokers and nonsmokers in different Army
training situations. Smokers need to be categorized into 0
light, medium, and heavy user smoking categories to determine
if the amount of smoking predicts training success. To the
extent possible, the specific reasons for smoking's negative
and/or positive effects need to be determined along with "
effects on training outcomes.

0

Smoker-nonsmoker differences in drug abuse

and delinquency in Army settings

The potent associations between smoking and drug abuse and
between smoking and delinquency that repeatedly have been shown
in civilian populations argue that military problems related to
drug abuse and delinquency would also be associated with

smoking. It is important to conduct research that accurately
describe these probable smoking-delinquency and smoking-drug-
abuse relationships in military populations. Presumably,

annual surveys of soldiers could include questions on smoking
behavior and these data on smoking incidence and smoking
frequency compared between delinquent and nondelinquent groups, .

soldiers who abuse drugs and soldiers who do not, unmarried
soldiers who became pregnant and those who do not, etc.
Alcohol use should be measured in this research since many of

the differences between smokers and nonsmokers may reflect the
increased use of alcohol of the smokers (Hays, Stacv, and
Di>1atteo 1984).

I .. -
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Effects of leader smoking behavior on amount
of smoking in the unit e, 01.

* 0

The strong effect the presence of other smokers has on
smoking (Antonuccio and Lichtenstein 1980) and the importance
of the smoking behavior of older siblings in determining
whether people take up smoking (Spielberger et al. 1983), both r%

suggest that smoking by leaders in Army units would increase
smoking among troops in the unit. Research is needed that
relates amount of smoking in the unit to the smoking behavior
of the leaders. The expectation is that relative to nonsmoking
leaders, leaders who smoke will have more smokers in their
units and also more smoking by these smokers. Time of leader
assignment to the unit, level of leadership, and numerous other
factors need to be taken into consideration in such research,
but it is anticipated such a study is feasible. Given the many %
health problems and other problems associated with smoking, .
knowledge that smoking in units can be influenced by leader
smoking behavior would be useful. For example, it could
influence leadership training and leader selection.

Differences between smokers, nonsmokers
and deprived smokers as a function of time in MOPP

The gas mask and other protective clothing that constitute

the Mission-Oriented-Protective Posture (MOPP), provide an
exceedingly stressful work environment for soldiers that
normally only can be tolerated in training settings for a few
h. Smoking is impossible in MOPP and withdrawal symptoms would % %-
be expected to add an additional MOPP burden for smokers that
would not exist for nonsmokers. Breathing through the gas mask
filter also may be more difficult for smokers who eventually S 0
show impairment of lung function compared to nonsmokers
(Tashkin et al. 1983). These factors would predict large
differences between smokers and nonsmokers in their performance
in MOPP operations. Research is needed to confirm or repudiate
this prediction. . . '

Effects of smoking on performance
on the Army Physical Readiness Test

Nonsmokers outperform smokers on physical fitness tests,
particularly on those events that require endurance. Rode and S •
Shephard (1971) showed brief abstention from smoking improved
performance. Other research has shown immediate decrements in
performance with recent smoking (Hirsch et al. 1985). Research
is needed that compares smokers with different levels of .- .. . .
tobacco deprivation (0, 1, 2, 4, 8, 16, and 32 h) to determine %
the nature and duration of effects of smoking on physical • S
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performance. It is unrealistic to expect most soldiers who are

habitual smokers to givP ;p tcbaccr If, q- exnected, results
of this research showed relatively brief smoking deprivation -
periods enhanced physical performance, this would provide a
basis for short-term deprivation prior to physically demanding

Airborne testing, APRT-testing, and of most importance, the
physically demanding test of combat.

Effects of smoking on optokinetic nystagmus

and detection of targets from moving vehicles.

Tibbling (1969) showed vestibular nystagmus changed

dramatically with the frequency of eye movements doubling and
the amplitude of the slow "tracking" phase cut by one-half.
Uchida et al. (1980) found eye movements under closed lids also
decreased in amplitude and increased in frequency. Although
both of these eye movement changes occurred with an absence of
visual input, they suggest a possible change in optokinetic
nystagmus, the eye movements associated with eyes-open viewing
of vertical contours moving rapidly in a horizontal direction
before the eyes. No research was found on the effects of
smoking on optokinetic nystagmus, but if smoking-induced

changes in optokinetic nystagmus occur, it may be that tracking %of moving targets also changes un~der the infLuence of smoking. , %,.
Such moving targets might be the result of target movement,
movement of the soldier in a rapid vehicle, or both. Basic
research is needed on the effects of smoking (and smoking %
deprivation) on optokinetic nystagmus. Given that smoking
effects occur and are nontrivial, applied research should
follow on eye-movement behavior and visual performance in
aircraft and fast-moving land vehicles where soldiers are
searching for military targets. A nonsmoker control group
should be included in both the basic research and any subse-
quent applied research.

Effects of sleep deprivation on smokers and nonsmokers

The research that has shown smokers to require a substan-

tially longer period to fall asleep (Soldatos et al. 1980)
could have major implications for soldiers who are operating on
reduced sleep schedules. If nonsmokers continue to fall asleep
faster than smokers under such conditions of sleep deprivation,
they probably would show a less detrimental effect from sleep *
loss, simply because they were experiencing less sleep loss.
However, the stimulation associated with nicotine from smoking

might allow smokers to function during sleep-deprivation in
tasks which led their nonsmokino colleagues to fall asleep. i.
Studies of sleep loss and sleep rationing should include
smoking as an independent variable, comparing smokers and m
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nonsmokers, comparing heavy smokers with light smokers, and
assessing the acute effects of smoking and smoking deprivation.

Smoker-nonsmoker differences in incidence .. .,

of military land vehicle and aircraft accidents ' '

Given the reliable association between smoking and
automobile accidents in nonmilitary settings (McGuire 1972),
one would expect that military personnel who smoke also would
have more accidents than their nonsmoking counterparts. Given -
that every soldier does not need to be a driver, at least in
peacetime, research is needed to determine if any worthwhile .
advantage would be gained from not granting military drivers'
licenses to smokers. Similar research is needed to look at 0

aircraft accidents as a function of smoking status of the
pilot. Unfortunately, if this hasn't already occurred, it is
planned to drop smoking status of the pilot from future surveys
of military aviation accidents. What is needed instead is to
begin to collect smoking status of all pilots to allow valid
comparisons of smoking status for those who have accidents and S S

those who don't. " -

Smoking and incidence of varicocele in soldiers .,.-

Klaiber, Broverman, and Vogel (1980) found a strong 0 •
association between smoking and the presence of a varicocele.
Varicoceles are uncomfortable if they are large and, as a
result, they probably impair physical performance of soldiers
who have them. Since varicoceles may reduce production of
testosterone, the condition may have additional negative
consequences for soldier performance, aggressiveness, and S S

leadership. Research is needed on the incidence of varicoceles
among soldiers and relating this condition to smoking, hormone
production, task performance, and even body structure. .. .,

Smoker, nonsmoker, and deprived smoker differences S 0

in tolerance of food and water deprivation

Legend has it the time the water was slow arriving at the
bivouac site during basic training was planned as a way to N
teach soldiers to cope with the stress of water deprivation.
Undoubtedly, the double deprivation associated with not smoking • 0
and no water or no smoking and no food, would be a larger . -
stressor than deprivation of water or food alone. However, .". "
this needs confirmation in a research setting. Of more
interest is the question of whether the nondeprived smoker " .
might tolerate the stressors of water or food deprivation
better than the nonsmoker. Nondeprived smokers appear to S S

.- ,,," ,* . ,,r
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tolerate the stre-ssor of prolonged boring work better than ".%''
* 0

nonsmokers in some instances (Heimstra, Bancroft, and DeKock
1967). They also seem to tolerate pain better than nondeprived
smokers (Nesbitt 1973). An experiment that compared the
reactions of nonsmokers, deprived smokers, and nondeprived
smokers to food or water deprivation would answer both sets of

questions. Subjects' rights must be carefully weighed in any o d' . *

decisior) to conduct such research.

Smoker, nonsmoker, and deprived-smoker differences
in performance in combat situations

The stressors of combat far exceed any which can be
legitimately imposed in experimental research. Smoking may *
serve a unique function in allowing men to tolerate these 0 - -

stressors. Another less likely possibility is smoking may
actually add to these stressors and impair performance. The
third alternative is smoking will make no difference. Memories
of combat veterans may shed at least some light on these
important questions. Stiuctured interviews conducted with IL

combat veterans who Iwte smokers could obtain at least subjec-
tive reactions to the effects of smoking during crises. Former
combat leaders may be able to give another perspective on the
effect smoking had on troop performance in stressful combat
ituations. Obviously, some firefights allow no more oppor-

tunity for smoking than occurs for players in a football game.
(Chewing tobacco and snuff use may occur in these settings,
however, and the effects of nicotine from these tobacco forms
are somewhat similar to the effects of nicotine derived from
smoking tobacco. The point is even for an infantry engagement,
effects of tobacco use need to be considered.) Other situa- d.

t ions such as the "desk" work associated with field-artillery
computations probably allow unrestrained smoking. Questions to

ombat veterans regarding amount of smoking in these situations
And smoking payoffs and/or problems (e.g., position disclosure)
could provide invaluable information both for our knowledge of
the effects of smoking on tolerance of truly major stressors, ,
but also information of value to commanders who could control
the smoking of their troops to maximize soldier performance. ..

Veteran combat leaders who smoke and veteran combat leaders who .. .
do not might have different perspectives on tobacco's effects
'lnd both groups should be included in the research. This study -

al:so (ould in u Ide - comparison of indices of combat perform-
;;I( (medal.s, it t Ions, etc.) between smol<ers and nonsmokers

i there i s some i nd icat "o smo ers may have performed more ' .- e.-e. .
ro- t 11v I I T nI 111 .ra i V r-Id W a r I f (lieat h 1958).
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acute e fects of s m ki ng. t f(ine, for example,. l as beo
shown to 1e cleared e(,arly twic, as f a st ri smilokes as- in -
n nsmok rs (Par son s and N Ims t i7 ). o- .7.
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