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Abstract 

Numerous physical and cognitive effects of prenatd tobacco-exposure have been weU 

documeded in the literahire. Animal studies indicate that tobacco is a neuroteratogenic 

agent, although fïndings with humans have been inconsistent- Studies with humaa infants 

investigating the effects of tobacco-exposure during pregnancy have been marred by 

urrreliable subject identification procedures, poor contro 1 over confomding hct  ors, and 

invalid measures of CNS integrity- The iaerature on the physical and cognitive effects of 

prenatai tobacco-exposure is reviewed and a shidy comparing tobacco-exposed infmts 

with a matched control group @ 4 8 )  at birth and at 3-weeks of age RJ=18) on deficits of 

auditory information processing is presented. M a t d  srnoking was identsed through 

self-report and v d e d  using materna1 saliva cotinine analyses. The reporting channel of 

matemal self-report of smoking status (Le., self-administered questionnaire versus face-to- 

fàce interview) was assessed to determine if the method of reporting innuenced the 

accuracy of mothers' self-report. Prenatal tobacco-exposure was associated with 

i m p h e n t s  in neonatal auditory information pro cessing. S pecificdy, fetal to bacco 

exposure was found to interfere with newboms' ability to habituate to a sound source, but 

their ability to orient and recover responding to novelîy was not consistently afliected. A 

similar pattern of results was found at 3-week follow up, suggesting that the adverse 

effects of prenatal exposure Iast beyond the nicotine withdrawal penod. The results imply 

that prenatal tobacco exposure is associated with impairments in information processmg. 

These dBerences are discussed in terms of impairments in arousal regdation. These 

auditory processing deficits may be related to the language difficulties associated wÏth 

prenatal tobacco exposure found in childhood. 
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Effects of Prenatal Tobacco Exposure 

On Newborn Information Processing 

Nicotine Emosure: Prevalence and General Effects on Men, Women and ChiIdren 

The detrimental effects of smoking have been widely explored over the past four 

decades. The results of smoking can be devastating to the individual. In Canada there were 

an estimated 27,867 male and 1334  1 fernale deaîhs in 1 99 1 attniutable to smoking 

(Heaith Canada, 1996). Smoking remaius the number one preventable cause of death and 

h a s e  in Canada. It is estîmated that smoking prematurely kills three times more 

Canadians than car accidents, suicides, d m g  abuse, murder, and AIDS combined (Health 

Canada, 1996). Women and men who smoke are at increased risk for coronary h a r t  

disease, lung cancer, breathing problems (emphysema and chronic bronchitis) and cancer 

of the throat, mouth, larynx, esophagus, pmcreas, kidney, and bladder (Hedth Canada, 

1996). Women who smoke also have increased risks that men who smoke do not have. 

These risks include Iower fertility¶ stroke, cancer of the ce* osteoporosis, menstnial 

and menopausal problems. In addition the pregnancies of women who smoke are more 

likely to result in miscarriage, premature birth and stillbirth and the infmts are at increased 

risk of low birthweight and sudden infant death syndrome (Health Canada, 1996). 

Given that 25% of women in Canada smoke and that the prevalence is highest among 

women aged 20 - 44 years (26.2%), children are O ften the ultimate victims of women who 

smoke, both during pregnancy and following biah (S tatistics Canada, 1997). As weil as 

the above effects, t has been noted that smoking during pregnancy and in the home 

creates fiirther risks to the child, such as impaired lung fùnction; eye, nose and throat 



irritation; a greater likelihood of respiratory illness, including asthma, pneumonia, and 

bronchitis; up to three times the normal risk of heart disease; up to three and a half times 

the normal risk of chronic middle ear infection; and increased dering allergies and other 
, 

pre-eding conditions (Health Canada, 1996). Given the enormity of the health risks due 

to smoking during pregnancy, it is sinprising to note that in Canada more than half(58%) 

of women smokers continued to smoke during their last pregnancy and almost three- 

quarters (74%) were reguiarly exposed to their own or their partners' smoke whiIe 

pregnant @Tealth Canada, 1996). In Nova Scotia specificaily, it has recently been reported 

by the Tobacco Control Unit that 27.6% of women delivering in 1997 reported smoking 

during pregnancy at hospital discharge (Nova Scotia Atlee Perinatal Database, 1999). 

Ciearly, smoking during pregnancy has severe and detrimentai effects on mothers who 

choose to smoke as well as on the children of smokers. 

Effect of Prenatai Nicotine Exposure on Mant Phvsical Develo pment 

There are direct effects of prenatal exposure to nicotine on the physical development of 

the fetus. The most weU documented effect is Iow biah weight (Ahlborg & Bodin, 199 1 ; 

Castro, Azen, Hobel & Platt, 1 993; Rush & Cailhan, 1989; Streissguth, 1986; 

Streissguth, Sampson, Barr, Bookstein, & Camiichael, 1 994). in an early report (Butler, 

Goldstein, & Ross, 1972) matemal smoking was associated with an average reduction of 

170 grams in birthweight- In another study matemal tobacco use was associated with an 

average decrease in birthweight of 200 gram (Castro, et al., 1993). 

Cigarette smoking during pregnancy has also been identified as a risk factor for sudden 

uifmt death syndrome and fetal mortality. Haglund and Cnattingius (1990) in a study of 

279,93 8 Live biahs in Sweden found that the overd rate of SIDS was 0.7 per 1000. A 



clear dose-response relation by amount moked was observed. Smoking up to nine 

cigarettes per day doubled the risk of SIDS and smoking 10 or more cigarettes per day 

nearly tripled the risk of SIDS compared to nonsmokers (Haglund & Cnattingius, 1990). 

Butler et al, (1972) reported a 28% increase in late fetal and neonatal mortality rate even 

after adjustment for other variables, such as maternai parity, socioeconomic status, 

matenial age and height, as well as gender and gestational age of the infant- 

It is known that nicotine readily crosses the placenta and enters the bloodstream of the 

fetus. However, there is no clear evidence that materna1 cigarette smoking produces any 

type of organic damage in the embryos and fetuses. Possible eEects of cigarette smoking 

that might damage the brains of fetuses and embryos include the direct toxic effects of 

tobacco, Iow matemal food intake? and chronic or intemittent hypoxia (Naeye, 1992). 

Naeye (1992) reports that there are over 4,000 constituents in tobacco and ody a few 

have k e n  tested for their biologic activity and, therefore, almost nothing is h o w n  about 

their individual effects on the developing fehis. Also, there is no evidence that poor 

nutrition deprives fetuses of nutrition when women smoke during pregnancy. In fact, 

women who smoke during pregnancy report higher caloric intake than nonsmokers 

(Papoz, Eschwege, & Pequinot, 1982), although, the nutritionai value of this increased 

intake is not known. One mechanism by which cigarette smoke may damage the 

developing brain of the fehis is hypoxk Women who smoke during pregnancy have 

increased placental vascular resistance (Howard, Hosokawa, & Maguire, 1 987) which 

could be a direct effect of nicotine (Naeye, 1992). Increased vascular resistance may 

restrïct blood fiow to the placenta and reduce the amount of oxygenated blood to the fetus 

(Howard et al., 1987). When a pregnant wornan smokes a cigarette, her blood pressure is 



reduced for f i e  to 15 minutes, which reduces the flow of oxygenated blood f?om the 

uterus to the piacenta (Lehtovirta & Forss, 1978; Morrow, Ritchie, & Bull, 1988). It hm 

been found that infants boni to smoking mothers have more carbo~hemoglobin in their 

blood at birth than infants bom to nonsrnokers (Cole, Hawkins, & Roberts, I 972). 

Carboxyhemoglobin cm lead to fetd hypoxia because it replaces oxyhemoglobin that 

n o d y  releases oxygen to the fetal ce&. This in utero oxygen deprivation rnay interfere 

with the developing fetal brain and contriiute to Iater cognitive deficïts. 

In addition to the indirect effects of nicotine on the developing fetal brain through 

decreased oxygen and nutrient supply, nicotine readily crosses the blood-brain f i e r  and 

has been show to interfère directly with fetal brain development. Animai studies have 

shown that prolonged fetal exposure to nicotine results in an increase in the number of 

nicotinic cholinergie binding sites (Navarro et al., 1989; Slotkin, Orband-Miller, & Queen, 

l987), reduces neuronal proMeration (Navarro et al., 1989) and differentation (Sbtkin 

Greer, Faust, Cho, and Seidler, l 9 8 Q  delays cell maturation (Navmo et al., 1 989; 

Slotkui et al., 1 %6), and Eicreases levels of dopamine and norepinephrhe in the forebrain 

(Lichtensteiger, Riiary, Schlumpfï Odermatt , & Widmer, 1 98 8). The met abo lism of 

central catechoiamine systems has been show to remain disturbed into adulthood among 

rats prenatally exposed to nicotine (Lichtenstriger et al., 1988). The interfierence of 

prenatal nicotine exposure in the early biochemicaf events that reguiate the growth and 

development of the CNS rnay result in various fùnctional andor structural abnormalitties 

of the CNS (Nash & Persaud, 1988). It has k e n  speculated that catecholamine 

disturbances induced by prenatal exposure to nicotine may be linked to both behavioral 

and leaming problem (Lichtensteiger et al., 1988). In young rats, lesions of the dopamine 



system have ken shown to r e d t  in motor hyperactivity and decreased performance while 

lesions of the norepinephrine systems have produced leaniing deficits (Raskin, Shaywitz, 

Cohen, & Anderson, 1984, as cited in Lichtensteiger et aL, 1988). 

Although, it should not be assumed that the results of these animal studies will 

generalize to the human population, the evidence suggests that prenatal exposure to 

nicotine may interfère with fetal brain developrnent. If these effects do occur in humans, it 

is possible that any disturbances in no& brain development may be evident through 

deficits in higher order brain processes. 

Effect of Prenatai Nicotine Exposure on infant and Child Cognitive Development 

Measurable deficits in cognitive hctioning of infants and children born to smoking 

mothers have been identiiied over the past two decades. Cigarette smoking during 

pregnancy has been reiated to the following behavioral and performance memes: poor 

auditory habituation and orientation, and lower mental and motor scores in infancy; 

decrements in reading, arithmetic, general abilities and IQ; and Iearning ~ c u l t i e s ,  

hyperactivity, impulsivity and neurological so fi signs in childhood (S treissguth, 1 986). 

However, most of these studies have not adjusted for alcohol and other h g  use as weiI 

as po tential psychosocial confounding variables, such as socioeconomic status, materna1 

education, postnatal exposure to cigarette smoking, and /or birth order, which have k e n  

previously identifïed to impact on these same outcomes (Streissguth, 1986). 

Detrimental effects of prenatal exposure to nicotine on newborn neurobehavioral 

functioning have been examined and the results have k e n  inconsistent (Fried & Makin, 

1987; Jacobson, Fein, Jacobson, Schwartz, & Dowler, 1984; Picone, Men, Olsen, & 

Ferris, 1982; Richardson, Day, & Taylor, 1989; Saxton, 1978). The most Eequently 



employed m e w e  of newborn neurobehaviourai fünctioning is the Neonatai Behaviorai 

Assessrnent Scale @BAS; Brazelton, 1984). This scale consists of items assessing 27 

newbom behaviors and 20 reflexes, typically summarized accordhg to seven cluster 

scores: Habituation, Orientation, Motor Behavior, Range of State, State Regdation, 

Autonomic Stability, and Abnormal Reflexes. Saxton (1978) published the fkst report 

using the NBAS to investigate the neuro behavioral func tioning of infants prenatally 

exposed to nicotine. Infants of mothers who smoked more than 15 cigarettes per day had 

decreased scores on auditory habitation and two measures of auditory orientation and 

were more difficult to console than control infants. The infants were al1 of normal 

birthweight and were matched for socioeconomic status, materna1 age, and p&y. 

Picone et al. (1 982) replicated the resuits of Saxton (1 978), employing the NBAS at 2 

days, 3 days, and 2 weeks to assess newborn neurobehavioral performance. It was found 

that matemal cigarette smoking signiscantly affected habituation, orientation, and 

autonomic regulation (e.g., tremors and start1es)- Specifïcally, when the habituation and 

orientation scores were divided into their auditory and visual components, there were clear 

effects on the auditory responsiveness ofthe infant. Infants were more likely to habituate 

to auditory stimuli, but were less iikely to orient to the source of the sound. These infants 

also had poorer autonornic regulation, (e-g., more tremors and startles) than non-exposed 

infmts. However, alcohol and cafEeine consumption were not controlled in this study and 

it was not clearly stated what other variables were considered. 

In a prospective study of 250 uifants, Fned and Makin (1 987) uivestigated neonatal 

behavioral correIates using the NBAS. The findings of previous studies (Picone et al., 

1982; Saxton, 1978) were supported by this study. Fried and M a h  (1 987) found that 



materna1 cigarette smoking was associated with increased tremors and poorer auditory 

habituaton as compared to a group of controls- However, 18-8 % of the subjects also 

used mari- and 40.8% used alcohol (moderateiy to heavily). Therefore, it is not clear 

whether the effects of nicotine exposure were cornpounded by the interaction with these 

two other dnigs, However, the effects of smoking on the NBAS differed fkom the effects 

of both alcohol and marijuana, and the effects of nicotine remained after conbolhg for 

alcohol and marijuana use- 

Two other studies employing the NBAS fded to find nicotine-associated deficits in 

hfhnts' performance on the NBAS (Jacobson et al., 1984; Richardson et al-, 1989). 

Jacobson et aL (1984) found a similar relationship between smoking and poorer auditory 

habituation and orientation but this pattern failed to reach sigdicance d e r  controllhg for 

other variables (e-g., SES and caffeine consumption). However, the previously mentioned 

decrease in jrritability found by Fried and Makin (1987) was replicated. Richardson et al. 

(1 989) conducted a prospective study regarding the effects of prenatal substance use 

(alcohol marijuana, and tobacco) on the neonatal behavior of 373 fU-term infmts. They 

failed to fhd any signifïcant effects of irritability, habituation, or orientation. However, 

75% of the subjects had missing data on the habituation cluster. The only significant 

predictor of NBAS performance was NB AS examiner. It was no t clearly stated which 

possible confoundhg variables were considered in their anaiysis. 

In summary, the studies investigating newborn nemo behavioral fùnctio ning emp lo ying 

the NBAS have provided inconsistent evidence regarding the specinc detrimentai effects 

of prenatai nicotine exposure, particularly with regard to auditory stimuli. Some 

researchers have found impairments in auditory habituation and orientation, while others 



have not. In many of these studies the methdofogy employed while using the NBAS was 

not M y  discussed- Tt has been shown that the NBAS is extremely sensitive to examiner 

effects (Richardson et ai., 1989) and, therefore, differing methodoIogies may account for 

some of these discrepant fïndings. It was also not clear £tom the majority of studies what 

specifk confounding variables were considered. Many of the studies were investigating the 

effects of tobacco dong with m a r i .  alcohol, andior caffeine and, therefore, the 

specific effects of nicotine cannot be reliably ascertained. Although the data are not 

entirely consistent there is evidence that nicotine may selectively affect the development of 

the newborn's auditory system 

Studies followïng children prenatdy exposed to nicotine ïnto early and middle 

childhood have provided evidence for small, but consistent deficits of prenatai nicotine 

exposure on later cognitive fùnctioning. Several extensive longitudii studies as well as 

individual initiatives have provided equivocal evidence regarding the specific deaimentai 

effects of nicotine exposure on the cognitive hctionuig of children. 

Lon&dinal Studies 

The fkst longitudinal investigation of the effects of cigarette smoking on the infant was 

the British Nat iod  Child Development Study (Butler & Goldstein, 1973; Rush & 

Callahan, i 989; Streissguth, 1986; Streissguth et al., 1994). This study collected data on 

over 16,000 live births during one week in 1958. This study was not origmally intended to 

investigate the effects of matemal smoking; however, data regarding the smoking behavior 

of all  participants was gathered at delivery or shortly after, along with a number of other 

variables. These children were followed up at age seven and eleven (Butler & Goldstein, 

1973). At age seven, the children bom to mothers who smoked showed an average 



decrease in reading ability of four rnonths compared to those born to nonsmokers. This 

hnding was stiU evident after controhg for mothers' age, socioeconomic status, number 

of chüdren in the household, and sex of the child- At age eleven the same pattern was 

observed. The average merence among chiken whose mothers smoked more than ten 

cigarettes per day compared to nonsmokers was a three month decrement in general 

ab'ility, four month decrement in reading comprehension, and five rnonths decrement in 

mathematics (Rush & Callahan, 1989; Streissguth, 1986; Streissguth et al., 1994). 

Another research team followed up the same children at age 16 and found that children 

born to smokers were one-eighth of a standard deviation lower in reading and one-Bth of 

a standard deviation lower in mathematics (Fogeimm, 1980, as cited in Streissguth, 1986). 

Aithough these decrements were srnall they were highiy significant in the sarnple of 6000 

children. However, it should be noted that in this series of studies several important 

variables were n3t considered, the most important king alcohol consumption. It is not 

clear, therefore, whether the effects observed were a direct result of nicotine exposure or 

some other reiated variable, such as alcohoi consumption. 

The next longitudinal initiative was the Perinatal CoUaborative Study @roman, 

Nichols, and Kennedy, 1975; Hardy and Mellits, 1972; Naeye and Peters, 1984; Nichols 

and Chen, 198 1). This study was conducted in the United States beginning in 1960. This 

project periodically followed 58,000 pregnancies unti age seven. Several researchers have 

participated in this initiative with mixed fmdings. A well-controlled study conducted by 

- Hardy and Mellits (1972) matched 88 infànts of women who smoked 10 or more 

cigarettes per day d u ~ g  pregnancy on race, gender, date of delivery, matemat age, and 

mate rd  schooling with 88 control subjects born to nonsmokers. These infants were 



followed up at age seven and eleven At follow-up the children were administered the 

Stanford-Binet IQ Scde, Wechsler Intelligence Test for ChIZdren, Wide Range 

Achievement Test, and Bender Gestalt Test- Of the cognitive measUres, only the speiluig 

scde of the Wide Range Achievement Test was signiflcantly lower among cbildren 

premtally exposed to nicotine. However, the exposed children performed worse than the 

non-exposed on all subtests, although stiU within the average range. Because the sample 

size was small in this investigation it is unlikely that minimal effects could be observed. 

Broman, Nichols, and Kennedy (1975) reported a small(1 .O point) decrement in 

intelligence of children at age four born to smoking mothers. However, this difference was 

no longer signjficant after adjustment for socioeconomic status, race, and gender. Nichols 

and Chen (1981) examined 29,889 cbildren at age seven for signs of minimal brain damage 

(MBD). Maternal smoking during pregnancy was sigoificantly related to all three 

compotients of MBD, leaming dBïculties, hyperactivity-impulsMty, and neurological soft 

signs. Specifically, children boni to women who srnoked more than 20 cigarettes per day 

were 25% more likely to have learnuig disabilities, 44% more likely to have severe 

leaming disabdity, 28% more likely to show hyperactivity-impulsivity, 32% more Lkely to 

show severe hyperactivity-impulsivity, and 15% more likely to have neurological soft 

signs. However, this study did not control for social differences among smokers and 

nonsmo kers . 

Finally, Naeye and Pet ers (1 984) investigated the cognitive development of seven-year- 

olds. They found si@cant decrements in speLling and reading scales on the Wide Range 

Achievement Test of children born to smokers as compared to nonsmokers. Again, as with 

the British National Child Development Study, aicoho 1 consurnption was not controlled. 



We are, therefore, left with the lingering problem of some other variable(s) (alcohol 

compt ion;  postnatal exposure to nicotine, etc.) confomding the resdts of these 

studies, 

The third prospective study was the Seattle Longitudinal Study (Streissguth, Barr, & 

Martin, 1983; Streissguth et al. 1994). This study investigated the effects of nicotine and 

alcohol exposure on intànts, and foIIow-up groups of four and seven year olds (Streissguth 

et al. 1994). Infants were assessed at Day I using the NBAS (Streissguth, Barr, & Martin, 

1983) which revealed a signifïcant association between nicotine and poorer habituation 

(Streissguth et al. 1994). However, by 8 months of age there were no signifiant 

associations between prenatal nicotine exposure and infant development as measured by 

the Bayley Scales of Infant Development (Streissguth et al., 1994). 

Streissguth et al. (1 994) reported no differences between children prenatdy exposed to 

nicotine and those not exposed on either the full scale, verbal, or perfonriance IQ scores 

on the Wechsler Preschool and Primary Scale of Intelligence (WPPSI) at age four. At age 

seven, the same children were tested using the WISC, WRAT, the Stroop test, and an 

attention/vigiIance task. Signifïcant ciifferences were not fowid for the fÛIl scale, 

performance or verbal IQ scores of the WISC. The children did differ, however, as in the 

study by Naeye and Peters (1984), on the spelling subtest on the WRAT but in this study 

the children did not difEer on the reading or arithmetic subtests. On the Stroop test, 

chüdren bom to smokers performed significantly worse on the word reading subtest, but 

not the color naming subtest. Children bom to smokers also exhiited longer reaction 

tirnes on the aîtention/vigiiance task compared to children boni to nonsmokers. The 

hdings f?om this series of studies, which controIIed for dcohol exposure as weIl as other 



social variables, indicates that there are smaU but measurable effects in the spehg abikity 

and reaction time of children prenatally exposed to nicotine. These studies do not, 

however, provide support for previous reports of the association between prenatal 

exposure to nicotine and later intelligence. 

The f5ml Iongitudinal initiative was the Ottawa Prenatal Prospective S tudy (Fried and 

Makin, 1987; Fried & WatkinsonJ988; Fried & Watkinson, 1990; Fned, OYConnell, & 

Watkùison, 1992) begun in 2978. In a series of studies, Fried and coileagues examined a 

group of children at b i i  and fouowed them periodically at 12 and 24 months, 36 and 48 

months, and 60 and 72 months to assess areas of cognitive and language development. 

Fried and Makin (1 987) ex&d 250 infants exposed prenatally to alcohol to bacco, 

and marijuana The infants were assessed between days 3 and 6 using the NBAS. Infants 

born to smoking mothers exhi'bited poorer auditory habituation and increased tremors. 

At 12 and 24-month follow-up, 217 children at 12 months, and 153 chddren at 24 

months, were assessed at home ushg the Bayley Scales of I&t Development. At 24 

months, the children were also administered the ReyneU Developmental Language Scales 

and the Home Observation Measure of the Environment (Fried & Watkinson,l988). The 

Bayley test consists of three scales: the Mental Developmental hdex w I )  the 

Psychomotor Developmental Index (PDI); and the Infant Behavior Record (?BR). Of the 

three dnigs considered, (i-e., aicohoi, marijuana, and tobacco), cigarette smoking was the 

only one that showed signi6cant effects. At 12 months, preaatal exposure to tobacco was 

associated with lowered MD1 scores and with auditory related items as assessed by the 

IBR (Fried & Watkinson, 1988). Prenatal exposure to tobacco assessed at 24 months 

continued to be related to some auditory items, but it was no longer simiificantIy 



associated with MD1 scores or the two Reynell Language Scores. The authors report that 

the influence of postnatal environmental factors may have obscured any significant 

associations between prenatal exposure to tobacco and cognitive hctioning at 24 rnonths 

(Fried & Watkinson, 1988). Matemal nicotine consumption was negatively related to the 

HOME measure, suggesting that the home environment of smokers is different fiom 

nonsmokers. Fried and Watkinson (1988) report that the smoking mother may have a 

Mestyle that hcludes less maternaVchild involvement, which may play a role in the child's 

early cognitive development . 

At 36 and 48-month neurobehavioral follow-up, 133 36-month-olds and 130 48-month 

olds were assessed using the McCarthy Scales of Children's Abilities and the Reynell 

Developmental Language Scale (Fried & Watkinson, 1990). At age four the children were 

also administered two motor behavior tests and the Peabody Picture Vocabulary Test 

(Fried & Watkinson, 1990). In both three and four year olds one si-cant discriminant 

fùnction resulted which mruemally separated the heavy smo kers fkom the nonsmo kers with 

the light smokers in between. The primary variable responsible for discrimination at age 

three was the verbal subscale of the McCarthy, which was negatively related to smoking. 

At age four the primary variables responsible were three language related tests; the 

Peabody Picture Vocabulary, the McCarthy verbal subscale, and the Reynell expressive 

component, all negatively related to smoking. These effects remained significant after 

controlling for other variables including: the home environment, alcohol and marijuana 

use, family income, mothers weight and pregnancy weight gain, age, education, nutrition, 

gender of the infant, birthweight, and length of gestation. Overall, the heavy smoking 



groups had poorer verbal skills than either the light or non-smoking groups (Fried & 

Watkinson, 1990)- 

These chiIdren were agah assessed at 60 and 72-months of age using the McCarthy 

Scales of Children' s Abilities and the Peabody Picture Vocabulary Test (Fried, O ' Connell, 

& Watkinson, 1992)- The results were consistent with those reported at ages three and 

four. At ages five and six years, one disc=nminant fûnction again oiaximally separated the 

heavy srnokers fkom nonsmokers with iight smokers in between. At age five the primary 

variables responsible for the discrimination were the McCarthy General Cognitive Lndex 

and Verbal Subscale, and the Peabody Picture VocabuIary Test, which were all negatively 

related to smoking. At age six, the variables contri'buting to the discriminant k c t i o n  

were the Peabody Picture Vocabulary, the McCarthy Motor, Mernory, Verbal and 

Quantitative subscales, a .  the General Cognitive Index. In summary? discriminant 

fùnction analyses revealed an association between prenatal cigarette smoking and iower 

cognitive, receptive language, and expressive language scores at ages three, fou, five, and 

six (Fried & Watkinson, 1990; Fried et al., 1992). 

The results of these longitudinal initiatives do not provide definitive evidence of direct 

effects of prenatal expo sure to nicotine on later cognitive development. Ho wever, the 

Ottawa Prenatal Prospective Study provides support for small, but measurable, deficits in 

cognitive functioning, particularly verbal skïils, of children born to smokers This 

investigation was one of the kt-controlled and carefiilly constmcted series of studies 

reviewed. The effects reported by Fried and coileagues remained after control of other 

possible confounding variables, includir~g alcohol exposure, which has been named a s  an 

essential control variable (Streissguth et al., 1994). One of the most dficult confiounds to 



control is the home environment of the child- It is known that women who smoke 

reportedly drink more coffee, are more anxious, change jobs more fiequently, have less 

formal education, and divorce more often than women who do not smoke (Naeye, 1992)- 

It is dif£ïcult, ifnot impossible, to separate the direct eEects of prenatal nicotine exposure 

fiom this ever-growing Est of environmental Muences. What is clear fiom these studies 

is the need for more carefidly controlled longitudinal initiatives. Naeye (1992) suggests 

that M e r  research should attempt to foiiow chiidren born in the same family in which 

the mother smoked during one pregnancy but not the other. He suggests this would help 

to reduce the number of possible confounds and provide clearer support to the direct and 

detrimental effects of prenatal nicotine expo sure on the cognitive development of chiIdren. 

Sexton, Fox and Hebel(1990) conducted a well-controlled prospective study of the 

effects of prenatal exposure to nicotine on cognitive functioning. At age three, 1 0 1 

children of mothers who smoked throughout their pregnancy and 263 children of mothers 

who never smoked (or quit smoking early in pregnancy) were assessed using the 

McCarthy Scales of Children's Abilities and the Preschoo 1 Version of the Minnesota Chiid 

DeveIopment Inventory (MCDI). The results indicated that children of smokers 

performed at a lower levei, although stiU above average, on the General Cognitive Index 

of the McCaahy Scales than children of nonsmokers (mean 102.3 vs. 107.5 respectively). 

A dose response effect was ako observed, indicating that the higher the Ievel of 

thiocyanate (an indicator of nicotine exposure) in the mother at the eight-month, the lower 

the cognitive functioning of the child at age three. The mothers' responses to the MCDI 

were consistent with those of the McCarthy. Overall, children born to smokers received 

lower scores thaa those born to nonsmokers, and in particular on two subtests measuring 



cognitive ability (Sexton et al., 1990). These results remained after controhg for several 

factors hcluding, social and background characterisîics, maternal behaviors during 

pregnancy (mcluding alcoho 1 consumption), rnaternal time available to the child, and 

chitd's characteristics. 

Recent publications have identifïed an association between rnaternal smoking and risk 

for attention-deficit hyperactivity disorder (ADHD). Milberger, Biederman, Faraone, 

Chen, and Jones (1 996) found that 22% of children with ADHD had a maternal bistory of 

smoking compared with 8% of non-ADHD children. This association remained &er 

adjustment for socioeconomic status, alcohol use, parental IQ, and parental ADHD status. 

Significant clifferences were found in IQ between those children whose mothers smoked 

duriag pregnancy and those whose mothers did not smoke. Those whose mothers srnoked 

during pregnancy scored on average 9 IQ points Iower than those whose mothers did not 

smoke during pregnancy (Milberger et al., 1996). 

S v  

In summary, the results of these longitudinal investigations and individual initiatives 

provide support for specifk detrimental effects of prenatai exposure to nicotine on the 

later cognitive fùnctioning of children However, not all reports are consistent. There are 

severai factors that may innuence the discrepant fïndings of these researchers. The nurnber 

one difficdty in this research is control for possible confounding variables. Wide the 

major@ of the studies reviewed attempted to control for an impressive amount of 

variables (e-g., postnatal exposure to cigarette smoke; maternai age, IQ, height, 

occupation; birth weight, paternal smoking; home environment; number of siblings, etc.), 



there is always the problem of the lingering iduential variable that the researchers fded 

to identfi. 

Foilowing children fkom birth to eleven years of age, in some cases, is a massive 

undertaking and there are f a  too many environmental influences to attempt to control. 

Therefore, the studies in which consistent deficits were found are even more remarkable 

given the adversity encountered in this line of research. It is quite possible that the effects 

attriiutable to prenatal nicotine expusure are actually under-representations of the true 

effects due to the excess of possible intervening variables. 

identification of Women Who Smoke During. Pregnancy 

The valid identification of women who smoke during pregnancy is central to all studies 

attempting to explore the physical or cognitive eEects of smoking on the newbom. 

However, the identification of smoking poses special problems. The hamiful effects of 

smoking in general and on the fetus in particular have been known for the past four 

decades. Due to the wide publication of the detrimental effects of smoking during the 

1980s and 90s, women who are pregnant are hyper-mare of the negative social sanctions 

regarding smoking durhg pregnancy. This knowledge can lead to substantial 

underrepo rting of smoking behavior due to social desirability factors. 

The usual fonn of gathering information regarding smoking or other behaviors in the 

general population has been self-report. Generally, self-report has k e n  found to be valid 

for behaviors that are not socially undesirable or if the individuals have no reason to 

minimize or rnarcimize their occurrence (Patrick et al., 1994). However, studies involving 

pregoant women have been identined as high-dernand conditims and, as such, there is 

substantial pressure to underreport smoking behavior (Walsh, Redman, Br Adamson, 



1996)- While it is acknowledged in the literature that seIf-report is not the "goId 

standard," it has k e n  used for lack of other more appropriate or vaiid measures of 

smoking statu for a number of reasons, includuig the fact that self-report is the most 

economical and reliable way of gaining information regarding an ind~dual's behavior on a 

daily basis. 

In their review of smoking cessation studies, Velicer, Prochaska, Rossi and Snow 

(1992) concluded that self-reported smoking is generally accurate, but they noted that 

high-risk individuals (nich as adolescents or pregnant women) might be an exception. 

Patrick et al. (1 994) report that bias is increased wherever social desirability is greatest, as 

is the case with pregnant women. Most of the reviews investigating the accuracy of self- 

reported smoking status have dehirately excluded pregmnt women from the analysis, 

which may impact the accuracy of reviews regarding the reliability and validity of self- 

report in pregnant women, 

Many studies have examined the influence of different variables regarding self-report of 

smoking status in adolescents (see Patrick et al., 1994, for a review). Adolescents, like 

pregnant women, have a desire to underreport their smoking behavior, and adolescents 

have ken shown to consistently underreport their smoking status (Patrick et al. 1994; 

Martin & Newman, 1988; see Aguinis, Pierce, & Quigley, 1993, for a review). Hocvever, 

the use of an objective measure of tobacco use has been found to increase the accuracy of 

adolescents' self- reports. Bauman and Dent (1982) found that adolescents reported 

signifïcantly greater amounts of smoking ifthey were informed that a biochemicd measure 

would be employed (exhded carbon monoxide levels) before cotnpIeting the 

questionnaire. 



The findings IÏom studies investigating the validity of seKreport in adolescents are 

comparable to those involving pregnant women Self-report is the most commonly 

employed m e w e  of smoking status in studies with pregmmt women. However, due to . 

the reporting bias generally found with this population, these studies have also used some 

form of collateral c o ~ t i o n  of these self-reports. Studies emplo ying biological markers 

with pregnant women have reported deceptions of smoking status ranging Eom 7.4% to 

50% (Fox, Sexton, Hebei & Thompson, 1989; Secker-Walker, Vacek, FIyrui, & Mead, 

1997; Walsh et al., 1996). Ford, Tappin, Schluter, and Wild (1996) compared pregnant 

self-reported smokers to smokers identined using serurn cotinine analysis. They found that 

of the cotinuie-validated smokers, 22% denied smoking. Further, half of the mothers who 

replied to the questionnaire systematically underreported the amount they smoked. 

In another study using midwives as collateral informants, as weli as questionnaire and 

urinalysis, the conservative estimate of the proportion of midwife identifïed nonsmokers 

who codd be reclassifïed as  smokers as a result of unnalysis was 7.4%, the medium 

esthate was 8.8%, and the worst-case scenario was 15.2% (Walsh et al., 1996). Fox et 

al. (1 989) investigated the accuracy of self-report of prepregnancy smoking status over 

the, during the 18th week (test) and again at 8 months (retest). They found that over 

50% of the women reported discrepant prepregnancy smoking behaviors at test and retest. 

They report that of those who changed their estimates the changes were usually small. 

However, they did not employ au objective measure so the deceivers could not be 

identifïed, 

The hdings of deception in studies involving pregnant women are not universal. 

Secker-W&er et al. (1 997) found an 87-92% agreement between self-reported smoking 



status and two biochemical measures (exhaled carbon monoxide and urinary cotinine). 

They report that these hdings are in agreement with other studies assessing smoking 

behavior in the generai population (Patrick et al 1994; Secker-W&er et aL, 1997). 

However, it is &O cautioned that there may be some error in the biochemical measures 

that would uicorrectly classe a smoker as  a nonsmoker, thereby influencing the 

agreement between deceivers and the biochemical measure. 

While there is some disagreement in the literature regarding the accuracy of self-report 

of smoking status in pregnant women, there is evidence that the use of a biochemical 

marker increases the accuracy of i d e n t e g  gestational smokers. Along with the use of 

biochemical markers, several other factors have been found to inauence the accuracy of 

self-reported smoking behavior, such as issues regarding the construction and 

administration of the self-report questionnaire. 

Factors Xnfluencin~ Validitv of SeE-Reports 

Due to the exclusion of pregnant women fiom the meta-dytic reviews regarding 

factors influencing self-reports, the majority of studies discussed in the foilowing section 

have used adolescents. However, the social desirabiiity factors are at least as strong in 

pregnant women as in adolescents so it is believed that these factors wiil readily translate 

into the pregnant population 

Bio lo gcal measures 

Objective biological measures have been found to increase the validity of self-report of 

smoking status among pregnant women (Fox et al., 1989; Secker- Walker et al., 1997; 

Walsh et al., 1996). Biochemicd measures of smoking have becorne commody used in 



smoking researcb The three most commoniy used biochemical markers in this area are 

carbon monoxide (CO), thiocyanate (SCN), and cotinine. 

The evaluation of a marker is assessed in tenns of sensitivity and specifïcity, f i e  

positives and faIse negatives (Dolcini, Adler, & Ginsberg, 1996; Velicer et al. 1992). 

Sensitivity refers to the proportion of 'bue smokers" who are classifïed as smokers by the 

biological measure; a highly sensitive test has a low rate of false negatives (i.e., c l a s s ~ g  

tnie smokers as nonsmokers). Specifïcity refers to the proportion of "tnie nonsmokers" 

who were classined as nonsmokers by the biological measure. Therefore, a highly specific 

test bas a low rate of false positives (Le-, cks*g true nonsrnokers as smokers). 

Carbon Mono xide and thiocyanate have k e n  success£ùily used as biochemical markers 

in the discririaination of self-reported smoking status with sensifivites of 84 -85% and 

specificities of 79 - 84%. However, both of these markers have limitations which make 

them a Iess desirable choice. Both CO and S C N  are present in certain environmental 

sources, such as air pollution (CO) and certain foods (SCN) and are less sensitive to light 

smoking. As a resuit these biochemical markers are falling out of favour as the marker of 

choice (Jarvis et al. 1987; Velicer et al. 1990). 

Although nicotine is a primary component of tobacco, it cannot eady be used as a 

marker due to its short half-He of 30 minutes (Rychatarik & McGillicuddy, 1998). 

Instead, cotinine, a direct metabolite of nicotine can be measured in blood, saiiva and 

urine. Cotinine has an estirnated half-Me of 1 5 to 40 hours (Jarviç et al. 1 987; Rychatarik 

& McG'ficuddy, 1998; Velicer et al. 1990). Because cotinine is a direct metabolite of 

nicotine and is not innuenced by other environmental factors, its sensitivity and specifïcity 

have typically been very high, ranging fiom 90% to 98%. Velicer et al. (1 990) reports that 



even light and intermittent smokers are detected with a high degree of certainty. Cotinine 

has the ability not shown by other biochemical markers of king able to detect smokeiess 

tobacco use, such as snuffor nicotine patches. This can aid in the identification of 

individuals who are not "smokers" per se, but who still ingest nicotine. Cotlliine is viewed 

as the single best rneasure of smoking and hence bas k e n  named the rneasure of choice 

for assessing smoking status (Do1cini et al. 1996; Jarvis et al. 1987; Patrick et ai. 1994; 

Rychatarik & McGillicuddy, 1998; Velicer et al. 1990). Self-reports of smoking validated 

by cotinine plasma, saliva, and urine biochemicai markers have been found to have higher 

specgcity and sensitivity than those reports validated by other biochemical tests (Patrick 

et al. 1994). 

Construction and Administration of Ouest ionnaire 

Dolcini et al. (1996) outline four limitations to the self-report questionnaire. Fust, it has 

been reported that the ciarïty and specifïcity of questions assessing smoking status affects 

the accuracy of self-report (Dolcini et al., 1996) and the association with a biochemical 

marker. Patrick et al. (1994) report that one of the most ~~lllleasured study characteristic 

is the specinc wording of questions regarding smoking status. Very few studies reported 

this information despite the fact that there is evidence that questionnaire responses are 

heavily infiuenced by how a qvestion is phrased and the order in which the questions are 

asked. Individuals, particu1a.y those who smoke Lightly or sporadically, are Iikely to 

ciassiS. themselves as nonsmokers if a broad categorization, such as smoker or nonsmoker 

is employed. It is recommended that specinc questions about smoking behavior be used. 

The second limitation is the tirne fiame. Asking about specsc time fiames versus usual 

habits appears to yieId more accurate reports (Dolcini et al., 1996). In addition, it is 



important that the tMie M e  be geared to the half-He of the biochemical rneasure 

empbyed. It will not be beneficial to ask about smoking behavior over the past two weeks 

when the biochemical mesure can only validate smoking behaviors for the past 24 hours. 

The third limitation noted was reporting channel (Le., whether the information was 

gathered through self-administered questionnaire or through face-to-face interviews). 

Dolcini et aL(1996) report that there is no study directly examining this diEerence. 

However, Luepker, Pallonene, Murray, and Pirie (1 989) compared the validity of self- 

report obtained by telephone with that obtained in face-to-face i n t e ~ e w s  in a sample of 

adolescents. They found that 35% of those who b l e d  themselves as quitters on the 

telephone labeled themselves as smokers in the face-to-face condition. 

The results fiom Patrick et aI.3 (1994) meta-analytic review suggests that interview 

administered questionnaires yielded higher estimates of sensitivity and specifïcity than did 

self-administered questionnaires among a sample of adolescents. Interviews identified 

more of the smokers correctly and classifïed nonsmokers more accurately. This may 

reflect smokers' awareness of sensory cues about smoking (e.g., stained teeth, fkgers, 

visible cigarettes or smoke odor) that would be obvious to an interviewer, Patrick et al. 

(1 994) conclude that more respondents may attempt to hide smoking behavior in a self- 

administered questionnaire even when biochemical validation is known. Face to face 

interviews appear to gather more accurate self-reports than do self-adminïstered 

questionnaires. However, direct evidence assessing the discrepaucies between self-report 

and interview administered questionnaires was not presented. 

A final factor infIuencing the validity of self-report of smoking status is anonymity or 

confidentiality. Dolcini et al, (1996) report that anonyanity cm be used to increase 



honesty. Anonymity rnay reduce the social pressure to underreport smoking and increase 

agreement with biochemical meames- There is mixed evidence as to whether adolescents 

promised anonymiS report more accurate self-reports than those promised confidentiality- 

Murray and Perry (1 987) found evidence for increased honesty under conditions of 

anonymity- In contrast, Akers, Massey, Clarke, and Lauer (1983) found no ciifferences in 

validity of smoking when compariog non-anonymous, coddentid questionnaires to 

anonymous questionnaires. However, it has k e n  suggested that assuring individuals of 

confidentiality and, if possible, anonymity should increase the accuracy of self-reports 

(Dolcini et al., 1996). If anonymity is not possible, special attention shouid be paid to 

issues of confidentiality. 

S w  

In summary, several factors must be considered when identifjing gestational smokers. 

These factors include the use of biochemical measures, the construction of the specifïc 

questions, and the method of admini,ctration. In any study where the reliable identzcation 

of smokers and nonsmokers is crucial to the aims of the study, and in a high-risk 

population such as pregnant women, it is recommended that a biochemical measure be 

employed to validate self-reports (Patrick et ai., 1994). It is, therefore, important to 

employ a biochemical measure with high sensitivity and specificity. Co tinine, a primary 

metabolite of nicotine has the highest sensitivity and specificity (Patrick et ai. 1994; Jarvis 

et al., 1987; Velicer et al. 1990). Cotinine is becoming the biochemical measure of choice 

in studies investigating smoking. 

The construction of the questionnaire is also important. The carefùl wording of 

questions and the t h e  M e  of the biochemicai measure chosen must be evaluated. 



Cotinine has an estimated half-He of 15 to 40 hours (Jarvis et al. 2987; Velicer et aI- 1990; 

Rychatarik & McGiUicuddy, 1998); therefore, questions regmding smoking status must 

reflect this length of tirne, The rnethod of administration &O impacts on the reliability and 

validity of seKreports. It is not clear, but it has k e n  suggested that self-reports of 

smoking status are more reliable with face-to-face interviews rather than self-administered 

questionnaire. 

Information Processing in Neonates 

Conventional tests of infht intelligence, for example the Bayley Scales of Infant 

Development, are based on variations in the growth of early sensorimotor abilities and are 

ofien used to predict later developmental problems (Fagan & Singer, 1983). However, 

these tests were not developed to measure intellectual functioning. They were intended to 

provide a description of nomial infmt ability and as such offer no predictive validity for 

Iater intelligence, at Ieast prior to 18 to 24 months of age (McCall, 1979; McCd & 

Carriger, 1993). 

Conventional tests for assessing newboms were developed to identw infants at risk 

and in need of intervention, and their emphasis is on assessing neurological integrity and 

the overall behaviorat organization and physiological condition of the infant and his or her 

innuence on the parent-infant relationship (Brazelton, 1 984). As with the measures of 

h f h t  development, these newborn assessrnent procedures were developed for d e s c n ï g  

the behavior and ability of n o d y  fiinctionuig infants. The standard tests, widely in use, 

are composed of items that tap the development of sensory and motor skills, fûnctions 

which are not related to intelligence later in Me ancl, therefore, would not be expected to 

be early indicators of intelligence (except in specifïc cases such as inoints with multiple 



congenitai abnormalities; Fagan & Singer, 1983). However, the NBAS has measures of 

orientation and habituation (which have been associated with later intelligence as will be 

discussed in the following section) and has been the most widely used screening 

instrument for newborn information processing ability over the past two decades. 

The NBAS has several limitations, which undennine the usefihess of this measure for 

assessing cognitive ability. The inability to reliably predict Iater cognitive fiuictioning may 

be a result of the relatively uacontroUed method used with the NBAS, In the Spicai 

procedure for the NBAS, the experimenter both holds the infant and delivers the stimulus 

(e.g., shakes a rattle), within the peripheral field of vision of the infant. This may influence 

the head turning response given by the infant, by both the physical movements of the 

examiner and visuai cues seen by the idmt. Examiner effects have k e n  found to have an 

extreme impact on the results of the NBAS. Richardson et al. (1 989) found that the most 

reiiable predictor of performance on the NBAS was the NBAS examiner. The 

development of an appropriate method to test newborn cognitive ability was essential to 

the continuation of this h e  of research, Varying results were king reported due to the 

discrepant methodology employed in different investigations (Fagan & Singer, 1 983). 

Muir and Field (1 979) criticized the NBAS for Iack of methodologicaI control and 

provided controlled conditions that improved the NBAS orientation and habituation 

procedures. Because experirnenter bias iduenced the results of the NBAS to such a great 

extent, Muir and Field reduced îhese effects by fkst preventing the experimenter fFom 

knowing the location of the sound source by tape-recording the auditory stimuli and using 

headphones to deliver the stimuli to both ears of the experimenter, sùnultaneously. 

Second, they eliminated visual cues by presenting the stimuli through stereo speakers to 



the infant. Third, they modifieci the method of holding the infant to permit fiee movement 

of the head to the lefi and right. Ushg this technique, Muir and Field reliably 

demonstrated that neonates were capable of 0ne11ting to auditory stimuli under highly 

controlled conditions. 

Wah the development of more appropriate tests for measuring newbom orientation to 

stimuli, habituation and recovery to novelty (primarily with visual stimuli] began to be 

ùivestigated as potential predictors of hfht cognitive ability (Fagan, 1 970; Fagan & 

Singer, 1983; McCall& Carriger, 1993). These investigations were based upon the early 

work of Sokolov (1963) on the orienting reflex Briefly, he suggested that a novel 

stimulus initiaily provokes an orienting response (reflex) and with repeated presentation of 

the stimulus a neuronal model of the stimulus is created. This representation increases in 

accuracy mtil it retains Uiformation about the stimulus. Subsequent presentation of the 

stimulus is compared in rnemory to this neuronal rnodel. If the comparatory stimulus 

matches the neuronal model it will fàil to elicit or actually ùihiit the orienting reflex If 

the stimulus is miçrnatched it will eIicit the orienting reflex (Bernstein, 1989; Clifton & 

Nelson, 1976; Cohen, 2 99 1). The key process in this theory is the creation of a neuronal 

model upon which M e r  cornparisons are based. This implies that the infitut k encoding, 

retrieving, comparing and, consequentiy, actively processing the incoming stimuli. 

There are two processes involved in this model that have k e n  associated with infant 

cognitive ability. The first process is habituation, which is usually measured by the amount 

of time an infant spends lookuig at a repeated visual stimulus. Once the infant begins to 

lose interest in the stimulus, habituation is said to have occurred. More efficient styles of 

information processing are characterized by faster habituation and less lookuig time at the 



stimulus (Bonistein & Sigman, 1986; McCall, 1989). The second process is recovery to 

novelty, which is measured by the amount of t h e  the infant spends looking at the novel as 

compared to the familiar stimulus- Either greater amounts of Iooking time at the novel 

stimuli or lesser amounts of looking time at the fimiEu stimulus are characteristics of 

more efficient styles of information processing (Bomstein & Sigman, 1986; McCaU, 

1989). 

It has been hypothesized that the infant's ability to recognize a previousiy seen stimulus 

may involve processes similar to those tapped in later intelligence tests, and consequently 

may validly reflect early intelligence (Fagan &Singer, 1983). To predict later intelligence it 

is necessary to measure behaviors during infâncy that are similar in kiud or tap the same 

processes known to be related to later intelligence (Fagan & Singer, 1983). For exarnple, 

on later intelligence tests children are asked to discriminate among stimuli, to retain new 

Xormation, to ident* similarities and to define words- While infmts canno t define 

words, Fagan and Singer (2 983) suggest that they cm exhtiit discrimination, retention and 

identification. These three skilIs can be reliably demonstrated in infant habituation and 

recovery to novelty paradigms. The infant must be able to retain information about the 

familiarYed stimulus (gathered during habituation) in order to discriminate the novel 

stimulus fkom the familiarkzed stimulus and identfi it as sinUlar or dBerent. Failure to 

habituate or recover responding implies a breakdown in the formation (retention) of the 

neuronal mode1 of the initiai stimulus or a failure in the discrimination process between the 

familiar and novel. The ability of an infant to perform these three tasks is hypothesized to 

be related to later intellectual fûnctioning and, therefore, iafants with deficits on these 

tasks are thought to be at risk for developmental delay (Fagan & Singer, 1983). 



Several researchers have empioyed the habituation and recovery to n o v e l ~  paradigm in 

assessing newboms with visual and auditory stimuli and have repeatedly shown that 

infants fiom birth through 36 months will habituate to repeated presentation of a stimulus 

and recover responding to a novel stimulus (Bornstein, 1989; Bornestein & Si- 1986; 

Clifton & Nelson, 1976; Fagan & Singer, 1983; Swain, Zelazo & Ciifton, 1991; Tarquinia, 

Zelazo, & Weiss, 1990; Tarquinia, ZeIazo, Gryspeerdt, & Alien, 1991; Weiss, Zelazo, & 

Swain, 1988; Zeiazo, Weiss, Randolph, Swain, & Moore, 1987). Infant habituation and 

recovery paradigms have been used as tools to make predictions about the continuity of 

intelligence eom Sancy to later childhood (Bornstein, 1989; Cohen & ParmeIee, 1983; 

Fagan & McGraîh, 1 98 1 ; Fagan, 1970; Lewis & Brooks-Gum, 198 1 ; Sigman, Cohen, 

Beckwith, & Parmelee, 1986; see Bornstein & Sigman, 1986; Fagan & Singer, 1 983; 

McCall& Carriger, 1993; for reviews). Using infant controiled procedures with visual 

stimuli, moderate correlations (ranghg fkom .29 to -66, mean = -44) have been repeatedly 

documented between infant habituation and recovery to novelty responses and later 

childhood intelligence (E3ornstein & Sigman, 1986; McCd & Carriger, 1 993). 

Selective Receotor Adaptation vs. Information Processing 

Tt has been established in the literature that habituation-recovery paradigms are 

moderately predictive of later intelligence (Bormtein, 1989; Cohen & ParrneIee, 1 983; 

Fagan, 1970; Fagan & McGrath, 198 1; Fagan & Singer, 1983; Lewis & Brooks-Gunn, 

198 1 ; Sigman et ai., 1986; see Bornstein & Sigmaq 1986; McCall & Carriger, 1993 for 

reviews). However, despite this evidence researchers attempting to demonstrate this 

information processing ability in neonates have been criticized by proponents of the 

selective receptor adaptation (SRA) mode1 (Danneder & Banks, 1 983; 1 986). This 



model posits that habituation occurs in ïnhnts under 3 or 4 months of age due to selective 

receptor adaptation at the cortical level. Therefore, decxeases in attention to a repeated 

visuai (or auditory) stimulus were hypothesized to resuIt fkom htigue of feature-selective 

neurons. Recovery of attention to either novel visual or auditory stimuli occurs because a 

dserent set of nonfatigued neurons is activated by the mvel stimulus (Danneder  & 

Banks, 1983). However, this theory has fden  out of favour as more researchers provide 

either contradictory or inconsistent evidence. ZeIazo and cofleagues, employing auditory 

stimuli, have provided evidence that a selective receptor adaptation model cannot account 

for habituation and recovery to novelty (Swain et al., 1 99 1 ; Tarquinio et al., 1 99 1 ; 

Tarquinio et al., 1990; Weiss et al., 1988; Zelazo et d.,1987). In contrast to the SRA 

model, an information processing mode1 has been posited which assumes that habituation 

and recovery to novelty can be accounted for by a relation ktween an internal 

representation of an old stimulus and characteristics of a new one Weiss et d., 1988). 

Attention is influenced, in part, by the stimulus-schema discrepancy. 

Auditorv Information Processing 

In the information processing procedure developed by Zelazo and colleagues, auditory 

stimuli are presented in the controlled conditions developed by Muir and Field (1979). The 

partial infant controlled auditory information processing procedure consists of three 

phases: 1) familiarization phase, 2) recovery phase, and 3) dishabituation phase. In the 

f m t i o n  phase, an i n f i t  is presented with an auditory stimulus which is repeated 

every 2 seconds in trials of 30-second blocks. The primary dependent measure is infant 

head turns to ward and away fiom the sound source. Infants initially exhibit hi& levels of 

head turning toward the sound source. M e r  repeated presentations of the same stimulus, 



the Eifêat7s head turning response typically deciines and the iufànt begins to turn away 

from the sound source. This procedure continues until predetermined criteria for 

orientation and habituation are met T'en a novel stimulus will be presented in the 

recovery phase. During this phase, infimts will recover responding to novelty and will 

again exhibit high levels of head turning toward the novel sound source. Afier repeated 

presentations, infants' responses will decline and they will actively turn away fiom the now 

redundant sound source. Foilowing habituation to the novel stimuli, the original 

familiarized stimulus will be presented in the dishabituation phase and again infants will 

recover responding. 

Zelazo and colleagues (Swain et al., 1991; Tarquinio et al., 1991; Tarquinio, Zelazo, & 

Weiss, 1 990; Weiss et al., 1 98 8; Zelazo et al., 1 987) through a series of studies emplo ying 

the auditory information processmg procedure, have provided evidence of active 

uiformation processing in neonates as young as 24 hours old. Brody, Zelazo, and Chaika 

(1 984) demonstrated that neonates would not only orient to an auditory stimulus but 

would habituate if a su£Eicient number of trials were presented. Further, they demonstrated 

that neonates would recover responding to a novel sound compared to a redundant sound 

heard by control infants and the neonates would &O recover responding to the original 

stimulus following the introduction of the novel stimulus (dishabituation). Brody et al. 

(1984) suggests that this fïnding in itselfdoes not refbte the SRA rnodel but the stimuli 

employed in the study provide contradictory evidence. Brody et al. employed rattle sounds 

as auditory stimuli and suggested that the sound of the rattle was too diffuse to fit an S M  

interpretation easily. 



Brody et al. (1 984) extended the habbtion,  orientation and recovery paradigrn to 

speech sounds using the information processing procedure, The stimuli in this study were 

two bf?equently occurring words C'tinder" and "beagle") recorded on a tape Ioop by a 

f e d e  experimenter. Replicating the hdings of Brody et al. (1984), the neonates in this 

study reliably tunied toward the word presented and habituated to repeated presentations 

of the sarne word. Further, the neonate recovered responding to a novel word and after 

presentation of the novel stimulus, recovered responding to the oriOoinal familiarized 

stimulus. This study confhns that neonates have the capacity to reliably orient to lateral 

souncis and to habituate and recover responding to speech sounds. Again, this study does 

not provide direct evidence against the SRA model but as with the rattle sound the stimuli 

used in this study are too complex to fit neatly into patterns of auditory receptors. 

Further evidence contradictùlg the SRA model came fiom a study conducted by Zelazo 

et al., (1987) who examined the effects of delay on retention of habituated bead m g .  

From an information processing perspective it was hypothesized that the length of the 

delay during which habituation remained would provide an indication of the length of the 

neonates' memory. Delays of 10, 55, 100, and 145s following habituation were employed. 

It was found that habituation was retained after delays of 55s, but not 100 or 145 seconds. 

This kding appears to contradict the SRA modei, as recovery following neuronal 

adaptation would usually occur d e r  milliseconds not minutes. However, Danneder  and 

Banks (1983) proposed that to refbte the S U  model, habituation should rernain after 

hours. Zelazo et al.(lS9 1) suggest that the reasonhg behind this lengthy delay is not clear 

and that this study provides evidence for memory in the infant, îhereby supporting the 

information processing view. 



Three fùrther studies provide evidence in support of the infommtion processing view. 

Weiss et al. (1988) assessed newboms for their recovery of head turning toward auditory 

stimuli presented at different levels of f'undamental fiequency and found that the largest 

discrepancy (28%), the one -est away fiom the origind stimulus and which would be 

expected to excite a new set of neuronal responding, produced the les t  recovery (Weiss 

et aL, 1988). Tarquinio et ai. (1 99 1) investigated the effect of deIay on neonates' 

response to decreased sound pressure IeveL The red t s  revealed generalbtion of 

habituation to the decreased sound pressure level following a 55-second delay, but 

recovery occurred foilowing a 10-second delay (Tarquinio et al., 199 1). It was proposed 

that newborns retain the phonetic properties of the stimulus and categorize the lower 

volume sound as frtmiliar and that this reflects evidence for neonatal memory (Tarquinio et 

al., 1991). Another study conducted by Swain et al. (1993) demonstrated that neonates 

appeared to retain memory for a specïfïc sound over a 24 hour period when presented 

with the same sound over twu days. These data irnply that infants, shortly after birth, have 

the capacity to create mental representations (i-e., encode and store information about past 

experiences) (Swain et al., 1993). 

One of the most convinculg and robust h e s  of evidence in support of the idormation 

processing view is the fïnding that infants not only habituate to repeated presentation of a 

stimulus, which could be accounted for by neuronal fatigue, but they actively turn away 

fkom the sound source. The systematic turning away fiom redundant stimuli h a .  been 

reliably and repeatedly demonstrated (Swain et al., 199 1 ; Tarquinio et al., 1 99 1 ; Tarquinio 

et al., 1990; Weiss et al., 1988; Z e h  et al., 1987). This irnplies that the infant has 



processed the auditory information and is involved in an active cornparison between the 

stimulus and their mental representation of the stimuius. 

Practicai Implications 

The practical implications of the auditory information processing procedure developed 

by Zelazo and colleagues were demonstrated when Zelazo, Weiss, Papageorgiou, and 

Laplante (1989) employed the information processing procedure in discrimioathg among 

neonates bom at normal, moderate or high rkk for developmentai delay. They found that 

recovery of head turning to a novel word and to the return of a previously familiarked 

word discriminated among normal neonates and those at risk for developmental detay. 

Zelazo et aL (1989) found that orientation and habituation during the fadarization phase 

did not differentiate among the groups. However, infànts who did not reach the criteria for 

orientation were excluded fiom the analyses which may obscure any possible differences 

between the groups on the measures of orientation and habituatioa During the recovery 

phase, in response to the novel stimuli, normal Ùifants exhibited the highest level of 

recovery of head turning to the novel stimulus, foilowed by the moderate risk group and 

the high-risk group exhiibited the lowest level of recovery. Neither, the moderate- or high- 

risk infants recovered to initial orientation Ievels. Foilowing habituation to the novel 

stimulus, infànts were presented with the original familiarization stimulus for a second time 

(dishabituation phase). The percentage of head tums toward the previously familarized 

stimulus again discrimlliated among the groups. 

Poîter, Zelazo, Stack and Papageorgio (2000) emplo yed the auditory information 

processing procedure to examine the effects of prenatal exposure to cocaine and tobacco 

on the information processing abilities of neonates. Neonates were presented with auditory 



stimuli (either %der" or "beagle") and their head tums toward and away fkom the stimuli 

served as the prhmry dependent measure. Neonates were presented with one stimulus 

.- . during the f w t i o n  phase until criteria for orientation and habituation were met, 

They were then presented with a novel word, again until orientation and habituation were 

achieved. Following the response to novelty, the neonates were presented again with the 

previously frimiliarized word (dishabituation). Recovery of locaIized head turning to a 

novel stimulus foUowing repeated exposufe to the previous stimulus discriminated 

between Ulfants prenatally exposed to cocaine and non-exposed infants- In addition, fetd 

. *  . 
cocaine exposure was associated wit h impaired habituation to the familianzat ion stimulus, 

whereas orientation was not affected. Both groups turned systematically toward the 

stimulus during the familiarization phase, indicating orientation. However, during the last 

part of that phase, the non-exposed infants systematically turned away Eom the stimuIw 

while the cocaine-exposed infmts turned randomly toward and away fiom the stimulus 

(Potter et al,, 2000). 

Turning away f?om redundant stimuli is a robust hding that has been demonstrated 

repeatedly with normal infmts during habituation and &plies active processing of the 

stimulus (Swain et al., 199 1 ; Tarquinio et al., 199 1 ; Tarquinio et al., 1990; Weiss et al., 

1988; Zelazo et al., 2 987). Failure to turn away fiom the stimulus during the 

f-tion phase ùnplies a breakdown or lack of processing. 

Further, the cocaine exposed infants fded to recover responding to the novel stimulus 

potter et al., 2000). They continued to turn randody; that is, their responses did not 

change with the introduction of the novel stimulus. However, the control infants did 

change the* responses with the introduction of the novei stimulus. During the £inai trials 



of the fmdiarization phase, the control infants were actively turnuig away fiom the 

stimulus, whereas with presentation of the novel stimulus the control infants systematicdly 

turned toward the stimulus, ie., their responses changed with the changing stimulus. 

During the dishabituation phase differences were aiso noted between the exposed and non- 

exposed infànts. Fetal cocaine exposure was associated with a lack of recovery to the 

previously familiarized stimulus (dishabituation). The control infants perfonned as 

expected and recovered responding to the previously familiarized stimulus. These fiudings 

suggest that prenatal exposure to cocaïne interferes with the infants' ability to process 

auditory stimuli and &plies a break down in the creation and use of mental 

representatiom. 

Potter (1 996) &O discovered Merential patterns of responding using the auditory 

information processing procedure with infants prenatally exposed to tobacco. The 

procedure was identical to that used with the cocaine-exposed infants. Infants born to 

smokers exhibited deficits on a number of information processing measures relative to 

controls. In the fbst halfof the familiarization phase, infants prenatally exposed to nicotine 

ex.hi'bited lower levels of head turning toward the stimulus, implying poorer orientation- In 

the second haif of the familiarization phase, exposed infants exhibited higher levels of head 

turnllig toward the stimulus, implying poorer habituation (Potter, 1 996). Infants exposed 

. *  . 
to tobacco were kss likely to orient and habituate to the familiarization stimulus and those 

who did achieve orientation and habituation required more trials to do so relative to 

controls. There were no group dif5erences in the level of head turning toward the novel 

stimulus or in habituation to the novel stimulus. Infants whose mothers smoked during 

pregnancy did not recover responding during the dishabituation phase. They exhibited 



lower leveis of head turning toward the sound source, turned randomly toward and away 

fiom the dishabituation stimdus and required a greater number of trials compared to 

controls to reach orientation (Potter, 1 996). The results indicate that prenatal exposure to 

tobacco interfères with newborn auditory information processing abillty, which may 

impact later cognitive fünctioning, particuIarly in the area of ianguage development and 

verbal abiity- 

The results of these investigations (Potter et aL, 2000; Potter, 1996) attest to the 

validity of the auditory information processing procedure in discriminating between infants 

who were prenatdy exposed to two different substances (tobacco and cocaine) and a 

control group. The results dernonstrate that exposure to these substances interferes with 

infants' ability to perform the three skilis necessary in the habituation- recovery to novelty 

paradigm, discrimination, retention and identification (Fagan & Singer, 1 983). These three 

skills have been associated with performance on later tests of intelligence and it is 

hypothesized that ùifants with deficits on these skik are at risk for later cognitive delays 

(Fagan & Singer, 1983). 

These studies (Potter, Zelazo, Stack, & Papageorgio, 2000; Potter, 1996; Zelazo, 

Weiss, Papageorgiou & Lalante, 1989), dong with the others previously reviewed (Swain, 

Zelazo & Clifton, 199 1 ; Tarquinia, Zelazo, Gryspeerdt & men, 1991; Tarquinia, Zelazo 

& Weiss, 1990; Weiss, Zelazo & Swain, 1988; Zelazo, Weiss, Randolph), provide support 

for the validity of this procedure in assessing ciifferences in auditory information 

processing abilities among neonates at varying Ievels of risk for later cognitive delay. 



Outline of Current Research 

Control for Confouiding; Variables. Generally, questions asked to detennine the effects 

of prenatal exposure to nicotine have focused on a cause and effect relationship between 

exposure and subsequent deficits in the infànt or chilci, such as, does and/or can nicotine 

use diuing pregnancy cause Iearning disabilities (cognitive deficits) in children? These 

types of questions tend to leave out the iduence of important confounding factors, 

including psychosocial variables and 0 t h  prenatal correlates (Streissguth, 1986)- 

Streissguth (1986) recomrnends that the appropriate question to be asked when 

investigating the possible detrimental effects of nicotine exposure on the cognitive abilities 

of eifants is: '7s there a relationship between nicotine exposure Ki utero and subsequent 

learning disabilities (cognitive deficits) in the O-ring d e r  consideration of other related 

variables?" (p. 30). This question assumes that there are other possible variables impacting 

on the observed effects on children prenataliy exposed to nicotine and takes them into 

account when analyzing the data- It is, therefore, important to the current study to 

investigate and control for as  many of these potential confo~~1ding variables as is possible. 

Of course, even the best controlled study will fail victim to the influence of po tentid 

unidentified variables; however, in any study investigating the effects of prenatal exposure 

to nicotine, possible confounding variables identïfied in the Iiterature (e.g., materna1 

education, matemal age, weight gain during pregnancy, socioeconornic status, infants' 

gestational age, infants' birthweight, Apgar score, and other substance use) should be 

assessed and controlled for as weli as possible. 



Rationale 

It has k e n  found that children born to smokers suffiex- fioom more physical d.if35culties 

and relatively lower scores on some cognitive measutes, particularly long-term language 

impairment, than children born to non-smokers (Fried et al., 1992; Fried & Watkinson, 

1990; Fried & Watkitlson, 1988). It is not c h  whether the effects are a result of prenatal 

exposure to nicotine or some combination of prenatal and postnatal exposure to maternai 

smoking and other psychosocial factors. AIthough deficits have been found in both verbal 

and nonverbal behaviors, the verbal behaviors are affected most strongly by prenatal 

exposure to nicotine. Matemal smoking is related to deficits in responsiveness to auditory 

stimuli on the NBAS (Fried & Ma@ 1 987; Richardson et al., 1 989). These findïngs 

suggest that prenatal expo sure t O nicotine might selectively impair auditory func t ioning . 

However, the NBAS does not measure centrai processing of auditory information, so it is 

not known ifthe deficits are a result of reduced auditory threshold or impairments in 

central processing of auditory information There are, however, no reports that infants 

born to smokers are more likely to be hearing impaired so it is likely that the deficits are a 

resdt of impairments in the processing of auditory information. 

Due to the srnail, but measurable, harmfiil effects which have been associated with 

smoking on the developing fehis, particularly in the area of cognitive development, it is 

important to determine ifthe detrimental effects are present at birth. Along with the 

various psychosocial confounds involved in the isolation of the effects of prenatal 

exposure to nicotine (e.g., socioeconomic status, matemal IQ, number of siblùigs, and 

matenial age), postnatal exposure to nicotine is potentially the most detrimental. 

Therefore, the detection of information processing deficits in the neonate would provide 



M e r  support for the eEects of prenatal exposure to nicotine on the developmg fetal 

brain. 

Using the information processing procedure it has ken  found tfiat infants at high risk 

for developmental delay do not dZer fiom those not at risk on measures of habituation to 

the original stimulus, but do show ciifferences in response to a novel stimulus and to the 

recovery of responding to the original stimulus, (Zelazo et aI. 1989). However, in the 

Zelazo et al. (1989) study htànts who did not reach the criteria for orientation were 

excluded fiom M e r  analyses, thereby possibly obscuring any diffierences on the 

measures of orientation and habituation. Conversely, PoRer (1 996) found differences 

between infants prenatally exposed to nicotine and a control group on measures of 

orientation and habituation in the fkst phase, and orientation in last phase of the 

procedure, as discussed earlier. The discrepant fjndings may be a resdt of methodological 

Merences or true dinerences in the i&ormation processing abdity of infants prenatally 

exposed to nicotine and those at risk for developmental delay for other reasons. These 

differences may also be a f'unction of nicotine withdrawal. It is possible that the effects 

observed by Potter (1996) may have k e n  due to nicotine withdrawal and, as a result, may 

be transient. If effects of prenatd exposure to nicotine in neonates are discovered and 

continue to be found following the period of nicotine withdrawal, b e r  conclusions 

regarding the direct effects of prenatd nicotine exposure on the developing fetus can be 

ascertained. 

To accurately assess the potential detrimental effects of nicotine exposure on the infmt, 

it is crucial that matemal smokers be identified accurately. It has k e n  suggested in the 

fiterature that matenial smokers are a population with considerable pressure to 



underreport their smoking status (Walsh et al,, 1996). Due to this reporting bias, several 

factors must be considered when assessing the status of m a t e 4  smokers. These factors 

include the use of a biochemical measure to validate the self-report; carefül attention to 

the construction of the questions, including using specific questions and appropriate time 

fiames; the reporting chamel, ie., s e l f - s e r e d  questionnaire or fàce-to-face 

interview; and the guarantee of strict coddentiality ifnot anonymity. 

The present study has several objectives. The est objective is to ascertain whether 

reporting channel (i-e., self-administered questionnaire or face-to-face interview) 

influences the reiiability and validity of i d e n m g  gestational smokers. Mothers will either 

receive a self-adniinistered questionnaire or participate in an oral interview of the same 

questionnaire. Mothers' responses will be verifïed by saliva cotinine analysis. The second 

objective is to employ the information-processing paradigm developed by Zelazo and 

coileagues to test the auditory information processing ability of neonates prenatdy 

exposed to nicotine compared to a non-exposed control group. Finally, the infants will be 

re-tested at approximately three weeks of age to determine ifmy eEects discovered at 

birth remain following the period of nicotine withdrawal. 

Hypo theses 

It was hypothesized ihat women who were in t e~ewed  in a face-to-face condition 

would provide more accurate self-reports of smoking status, as verified by matemal saliva 

cotinine analysis, than women who completed a self-administered questionnaire. While 

there is some disagreement in the information processing procedure regarding the 

expected pattern of response of the nicotine exposed infants, it was hypothesized that 

infants prenatdy exposed to nicotine would show ciifferences in information processing 



ability in each phase of the procedure (i-e., f m t i o n ,  recovery, and dishabituation), 

at initial testing and at three week foIlow-up. 

Method 

Particivants 

M participants were recnuted fiom the obstetric unit of the Valley Regional Hospital, 

KentMIe, Nova Scotia, h e e n  February and May 2000. Ali mothers who were on the 

obstetric unit on the days of testing were approached to participate in the study. One 

hundred and seventy potential participants were approached during the 4 month tirne 

fkame of the study- Of those approached, one hundred and seven agreed to participate, 

resulting in a participation rate of 63 %. AU infants participating in the study had 5 minute 

Apgar scores of 9 orlO. 

Tobacco - Exposed Group. Twenty-four to bacco-exposed neonates were tested on the 

idormat ion processing procedure. Smoking status was detemiuied initiaüy via self-report 

and verifïed by maternal saliva cotinine analysis. 

Contro 1 Group. Eighty-three iafants without a documented history of nico the  exposure 

were tested on the information processing procedure. The control group was identifïed as 

non-smo king through self-report and maternal saliva CO tinine anaiysis. These infants 

formed a pool fiom which 24 matched controls were selected for the nicotine-exposed 

infants. Three of the 83 potential control neonates were excluded fiom the pool because of 

untestable state (Le., one was sleeping, and two were rooting throughout the procedure). 

Six participants were excluded because of exposure to second hand smoke on a d d y  basis 

and two were excluded due to the detection of cotinine in the mothers' saliva (examination 

of raw data reveaied that these mothers were exposed to second hand smoke two to six 



times a week). From the 72 remahhg potential controk, the closest match for each 

nicotine-exposed neonate based on birthweight (BW), gestational age (GA), and age at 

testing (TA) was selected- 

Subiect Matchinrr Procedure. 

Matchhg criteria were chosen to d o w  matching of the maximum numtber of infants 

possible wMe rernaining within one standard deviation of the nicotine-exposed group 

means. The control i&mt who was the closest match was selected for each nicotine- 

exposed infant according to the foIlo wing matching miteria: a) B W within 3 98 g (-98 of 

one SD); b) GA within 1 week (-73 of one SD); and c) TA within 15 hours (-99 of one 

SD). 

Tobacco-exposed newboms were matched with potential controls according to BW, 

followed by GA, and TA, respectively. If more than one potential control codd be 

matched with a tobacco-exposed infat on a given variable, the one with the cIosest match 

on the subsequent variable was chosen. Eight of the tobacco-exposed newbom had more 

than one potential controI by the time the Iast matching variable was reached. In these 

cases, the closest match on ail possible variables was chosen as the control. The raw data 

for each of the three matchg variables for the 24 tobacco-exposedhnatched control pairs 

is shown in Table 1. Of the 24 matched pairs, 19 matched on all three variables and all of 

the pairs matched according to the criteria of two of the three variables. Sex was not 

included as a matching variable because previous research has shown no sex merences on 

the information processing procedure. However, in both the tobacco-exposed group and 

the matched controls, there were 12 males and 12 females. 



Procedure 

Mothers were approached and invited to participate in the study within 48 hours of 

giving birth. The study was descnïd to each potential participant and signed consent 

(Appendix A) was received for the researcher to access the mother's hospitd chart, for 

her newbom to participate in the information processing procedure, and for the mother to 

be contacted approximately three weeks Iater for retest. At this time a saliva sample was 

collected fiom the mother. To investigate the influence of reporting channel on the 

accuracy of self-reports, mothers were given a questionnaire, either through a face-to-face 

i n t e ~ e w  with the researcher or as a self-adrninistered questionnaire. The choice of 

. - 
interview or seIf--tien was done as randomly as possibte; however, mothers who 

were in pnvate rooms or alone in a double room were more likely to participate in the 

&ce-to-face interview, while those with others in the room were asked to complete the 

questionnaire themselves to ensure coafidentiality. Mothers were not fully infiorrned of the 

. . 
questionnaire/iiterview manipulation; however, following administration of the 

questionnaire either through face-to-face interview or self-admini,ctration, the mothers 

were debriefed regarding the true purpose of the manipulation (see Appendix B for 

debriefing procedure). The questionnaire contained demographic questions concerning 

mother's age, marital status, household incorne, infant's sexy date of birth, time of birth, 

and pregnancy weight gain, among others (Appendix C). The questionnaire also asked 

about smoking before and during pregnancy, exposure to second hand srnoke during 

pregnancy, and dco ho 1 CO nsurnption during pregnancy. Data concerning Apgar scores and 

birthweight were coIlected fiom hospitd records. 



Table 1 

Raw data on Sub-iect Matchhg for Tobacco-Exposed Infants and their Matched ControIs 

B irthweight Gestational Age Test Age 
k> (~veeks ) (hours) 

Smoker ControI Smoker Control Smoker Control 

*Match& control subject is outside the l h i t s  of the matchhg criterion for that particular variable- 



The data concerning the use of alcohol during pregnancy is summarized in Table 2. 

Alcohol consumption was low among ail mothers, with 3 7.5% of the tobacco-exposed 

group and 33.3% of the control group reporting any alcohol use. Of the mothers who 

reported any alcohol use during pregnancy, 78.6% reported that this use was a one-the 

occurrence or occurred prior to knowiedge of pregnancy. Of those who reported aicohoi 

use throughout pregnancy, this was u d y  less than one ghss of wine or one beer once a 

month, The highest amount of alcohol consumption reported was five or more drinks, 

reported by one control and two smokers; h all cases this occurred pnor to knowledge of 

the pregnancy. 

Infant Testkg;. Testing took place in the infant nursery at the Valley Regional Hospital. 

For the majorÏty of tests the nursery was empty of other infants. The few times other 

infants were in the nursery, they were sleeping at the tirne. Infants were brought into the 

room, usually asleep, and awakened. If the infant was still sleepy, a series of refiexes were 

elicited (Moro, Babinski, and Stepping) to ensure an alert, inactive state. If the infant did 

not achieve this state hekhe was returned to the mother and the testing was attempted 

later that same day. Following the wake-up procedure, the auditory information 

processing procedure began. The infaat was held over a warming table by one 

experimenter (the holder) at a 45 O angle between vertical and supine positions, with the 

Uifant's head and shoulders supported in the right hand and its lower back and buttocks in 

the left hand, as recommended by Muk and Field (1979). The stimuli were delivered fiom 

a set of cornputer speakers placed approxïmately 20 cm fiom the infant's ears. A second 

experimenter (the coder) coded the ïdànt 's  head turning responses using a numeric 



Table 2 

Number Of Srnokers And Control Mothers Who Dra& Alcohol During Pre-cy 

Smokers ControIs 
(n=24) (n=24) 

Alcohol use throughout 1 (4%) 
PregnanCY 

Any aicohol use during 8 (33%) 
Pre!Pan=Y 



keypad connected to a Iaptop computer- Head turns were coded when the infànt rotated 

the sagiîîal midline of the head about 45" to either side. To reduce the probabiIity of 

spurious tunis, the conservative criterion of 45" was chosen, relative to the criteria of 6" 

and 15" used by Muir and Field (1 979) and Clifton et ai. (1 98 1 ), respectively- Stimuli were 

presented at a d e  sound pressure level of 72 decikls in a lefi-right-right-lef€ order with 

the starting direction counterbalanced across infants. Each trial had a duration of 30s or 

until the infant exht'bited a 3s head tuni in either direction, Inter-trial intervals varied for 

each infant depending on the amount of time required to regain an alert state in cases 

where the infant had fden  asleep or become f i e m .  However, inter-triai intervais were 

generally 5 seconds in length, during which time the holder recentered the infaot's head. 

One of three responses was possible for each trail: 1) head tm toward the stimulus, 2) 

head turn away from the stimulus, or 3) no head turn. The amount of tirne the infant spent 

sleeping andor fretting was also recorded. The computer program kept a nuining total of 

the duration of each trial, each phase, and the total testing procedure. In order to eliminate 

experimenter bias, both the holder and the coder wore headphones, which delivered both 

stimuli mapped on top of each other and played repeatedly. The coder controlled the 

beginning of each trial and was thus aware of the stimuli king deiivered and the changes 

from one phase to the next, however, the coder was not aware of the direction of the 

sound source. The experimenters were occasionally aware of group membership due to 

the interview component of the study design. The headphones served to reduce 

experimenter bias during the testkg phase. 

The experimental procedure consisted ofthree phases in a partial infant-controlled 

.. . 
design: 1 ) Famhamation Phase: the fàmbmza .. . 

tion trials were presented untiI criteria for 



orientation and habituation were attained or for 16 trials if the jnf;ut fàiled to 0rien.t or 

habituate; 2) Recovery Phase: a novel word was presented uni2 orientation and 

habituation were attained or for 22 trials ifthe i&mt failed to re-orient or re-habituate; 3) 

Dishabituation Phase: the originally fàmïhrked word was presented until the criterion for 

orientation was attained or for 9 trials if the criterion was not met- The criterion for 

orientation in each phase was dehed as three turns toward the sound within four 

consecutive trials, and habituation required three successive trials in whicb no turn or turns 

away fiom the sound occurs after orientation (Zelazo, et d- 1 989). The orientation and 

habituation criteria and the maximum number of trials in each phase were chosen based 

upon previous research with this procedure (Zelazo, et al. 1989)- The principal dependent 

variabIe was head tunns toward and away fiom the stimulus in each phase of the 

experimental procedure. 

A~paratus and Stimuli 

Auditory stimuli consisted of two words (tinder and beagle) presented through 

computer speakers phced approximately 20 cm fkom the infant's ears at a sound pressure 

level of 72 dec~kls. Output volume Ievels were checked wÏth a somd pressure level meter 

at the beginning of each testing day. Each word was recorded by a female experimenter 

and was repeated in a consistent volume and intonation. Each word was approlcimately 

one second in duration and was repeated at a rate of one word every 2 seconds. The 

words tinder and beagle were chosen as test stimuli because of their low fiequency of 

occurrence, comparable length, and phonetic content. These words were aiso identifid 

previously as discriminable by older infants and neonates (Brody et al., 1984). Infants' 

responses were coded using a numeric keypad attached to a Iaptop computer. Four 



possible ïdànt responses were coded on the keypad: right head turn, lefi head turn, 

fietting, and sleeping. A cornputer program &en in Visual Basic was used to present 

the sound stimuii and keep track of the duration of the infants' responses, the duration of 

each triai, attan-iment of criteria for orientation and habituation, and the transition between 

phases. 

Study Design 

A multbariate design with one between-group independent variable (tobacco- 

exposed/control) and three measures of central information processing (orientation, 

habituation, and recovery to novelty) was employed to assess whether prenatai exposure 

to nicotine had an adverse effect on neonatal information processing. Multivariate and 

univariate analysis of variance, XZ tests, and t tests were used to assess group differences 

and within-group effects on the following measures of information processing: a) 

orientation to the stimuli in each of the three phases, b) habituation to the familiariza . -  . 
tion 

and novelty phase stimuli, and c) recovery of responding to the stimuli in the novelty and 

dishabituation phases. Muitivarïate d y s k  was ais0 used to assess between group 

ditferences on several matching and control variables. These analyses consisted of a) three 

matching variables (BW, GA, and TA) and three demographic control variables (incorne, 

INC; matemal age, MA, and materna1 education, ED), b) the percentage of t h e  infants 

were in a positive state during the testing procedure, and c) the overali percentage of head 

turns toward the stimulus. 

Data Reduction 

As was done in previous studies conducted by Zeiazo and coileagues (e.g. Po tter et al., 



2000; Zelazo et al., 1989) the following preparation of the data for andysis was 

conducted: 

1) The trials in the fafniliarization and novelty phases were fkst divided into two equal 

or nearly equai blocks of trials. Genemlly, the first block represented orientation trials and 

the second block, habituation trials, with some overlap in the rniddle. When a trial bIock 

was made up of an uneven number of trials, hims toward the sound source were included 

in the first trial block, with ~LKIIS away £kom the stimulus or no turns included in the 

second block. Trial blocks were used to assess changes in response patterns between 

phases (within p u p  variable). 

2) The two trial blocks in the familiarization phase were then subdivided again, 

redting in four equal or nearly equal quartiles. Again, when a quartiIe was made up of an 

uneven number of trials, head turns toward the stimulus were inchded in quartiles near the 

begirining of the phase and head tums away or no tums were included in quartiles near the 

end of the phase. Reducing the trial bIocks to quartiles was done to d o w  for changes in 

the direction of head turning to be assessed witbin each phase (within group variabk). 

.. . 
Therefore, in the foUowing pages, with respect to the familianzation and novelty phases, 

the rem ''hial block" always refers to one half(or nearly one half) of the total trials in that 

phase and the term quartile dways refers to one quarter (or neady one quarter) of the 

trials of that phase. 

For the dishabituation phase, a trial block of the fïrst three to six trials was used in the 

data analysis. These trials were chosen because previous research indicated that ïnfànts 

wodd normally orient within six trials at this phase in the procedure (Zelazo et al., 1989). 

If the Sant oriented in Iess than six triais, thus terminating the procedure, then the triid 



block was made up of that number of trials; i.e., if an infant oriented in three trials then the 

procedure was over and the dishabituation phase trial bIock consisted of those three triais. 

In the foliowuig pages this block will be referred to as the "dishabituation block." (See 

Appendix D for a sample-scoring sheet). 

One fiirther calculation was conducted @or to data analysis. Since the t h e  the infant 

spent in a "positive state" (i.e., no t sleeping or fietting) codd infl-rlence his or her 

pefiormance on the information processing procedure, it was important to determine if 

group ciifferences existed on this variable. The amount of time spent in a positive state was 

calculated by adde up the tirne (in seconds) that the infant was fketting or deeping 

during each trial and dividing this sum by the total sum of all trial lengths (i.e., the total 

time for the phase). The percentage of time spent in a positive state was then derived by 

subtracting the percentage of time spent in a negative state fkom 1 00%. This procedure 

was performed separately for each phase of the procedure. 

Dependent Measures. 

Three dependent measures were employed to assess information processing ability? and 

two control measures were used to ensure that the groups did not differ on head-turning 

ability and amount of t h e  spent in a positive state. The three primary dependent measures 

were: 1) in each trial block and quartile and in the dishabituation bIock, the percentage of 

trials with head tunis toward the sound source; 2) the number of triais required to reach 

the critenon for orientation in the fdarization,  novelty, and dishabituation phases and 

habituation in the familiarization and novelty phases; and 3) a Vifference score'' calcuhted 

by subtracting the number of head turns away fiom the stimulus fiom the number of head 

tums toward, within the 6rst and Iast quartile of each phase (a masure of preferential 



head turning toward or away from the stimulus)- The two control variables were: 1) the 

overall percentage of head turns durhg the procedure (to ensure that both groups were 

equaIiy capable of making head turns) and 2) the percentage of time the h f b t  spent in a 

positive state. 

Results 

General A~proach to the data analvsis. 

Three statistical techniques were used to d y z e  the data: multivarhte and univariate 

d y s i s  of variance, X2 tests, and tests. Each of these techniques was used to analyze 

specific types of data. 

MANOVAS were used to assess between group differences on the 

matchingldemographic control variables, the information processing control variables (i.e., 

positive state and the overall percentage of trials wÏth head turns), and changes in the 

percentage of head turnîng towards the stimulus across quartiles and trial b1ock.s in the 

three phases of the information processing procedure. F d o  wing the d e s  and conventions 

of MANOVA, ifthe multivariate WWs lambda F was signiscant for the effect of Group 

or the Variable x Group interaction, then univariate F tests for the effect of Group were 

conducted to determine the source of the sigdicance, 

Group diffaences in the degree of orientation to the stimulus in each of the 

fadarization, novelty, and dishabituation phases were assessed by £ira ushg 2 tests to 

determine if the fiequency of cases meeting the critenon for orientation differed among 

groups. Following the 2 tests, ANOVA was used to determine ifthe groups dinered on 

the number of triais required to reach the criterion for orientation (ùifants who dÏd not 



meet the criterion were excluded prior to andysis). The same process was used for the 

analyses of degree of habituation for the fiudiarization and novelty phases. 

The dif5erence score measure (number of head turns away subtracted fiom number of 

head tum toward) was used to determine whether the infàuts in each group dinered in 

terms of preferentai direction of head hims in the &st and last quartiles of each phase. 

The clifference scores were compared with a mean of zero using one-sample wests within 

each group. A score simcantly greater than zero uidicated that the &ts turned toward 

the stimulus more often than they turned away. A score less than zero indicated that they 

turned away f?om the stimulus more ofken than toward, and a score not dEerent fiom 

zero indicated random responding or a lack of head-tuming. Therefore, dinerence scores 

greater than zero would be expected at the beginning of the pbase (the fïrst quartile, 

signifling orientation) and scores less than zero would be expected near the end of the 

phase (the iast quartile, s i m g  habituation). 

Reliability of Saliva Cotinine Anal~ses for Determinine Tobacco Use During P r e m c v .  

For the purpose of assessing the reliability of the presence of cotinuie (the primary 

metabolite of nicotine) in m a t e d  saliva as an indicator of cigarette use during pregnancy, 

the saliva samples fiom al[ mothers participating in the study were d y z e d .  As 

recommended by Jarvis et al. (1 987) a cutoff concentration of 14.2 n g h i  was used to 

determine smoking statu (i.e., mothers with saliva samples at this concentration or above 

were considered to have tested positive for cotinine). Saliva samples were collected fiom 

106 mothers and were analyzed for the presence of cotinine. Three of the samples were 

not of a sufficient quantity to permit analysis, resulting in a tota.1 of 1 O3 matemal saliva 

Sarnples available for analyses. 



The sens- (percent of smokers detected) and specifici@ (percent of nonsmokers 

couectly classified) was determined by cornparhg mothers' self-report of smoking statu 

with the concentrations of cotinine detected in the saliva samples. Maternal self-report of 

smoking cigarettes was coded as a dumrny variabIe with 'ho smoking" coded as O and 

"smoking" coded as 1. Seventy-nine of the mothers with valid saliva samples for analyses 

descriid thernselves as nonsmokers, while 24 considered themselves to be smokers. 

Cotinine verifkation reveded that 76 of the self-reported nonsmokers tested negative for 

the presence of cotinine, with a mean concentration of 5-32 ng/ml, resulting in a specficity 

of 96.2% (3 tested positive for cotinine). Of the smokers onIy 16 tested positive for the 

presence of cotinme, with a mean concentration of 1 1 2.1 8 ng/ml, resulting in a sensitivity 

of 66.7%. However, it is not surprishg that some of the smokers tested ncgative for the 

presence of cotinine, given that they had just spent the last 12 to 24 hours giving birth and 

as such had not had t h e  to smoke a cigarette. Since it was assumed th& mothers who did 

not smoke during pregnancy would not falsely report that they had smoked, for the 

purposes of the information processing component of this study, mothers who tested 

negative for the presence of cotinine, but who self-reported smoking were considered to 

be smokers. On the other hand, the three mothers who self-reported not smoking and who 

tested positive for the presence of cotinùie were excluded ftom the pool of possible 

controis for the information processing procedure analyses. Chi-square analyses indicated 

that the cotinine analysis was signifïcantly more specifïc than it was sensitive (i.e., 

nonsmokers were classified more accurately than smokers, 2 (1) = 48.36, Q <.000). 

In ~ u ~ ~ ~ a r y ,  the specificity of using cotinine amdysis to verifL setf-report of smoking 

status during pregnancy was at a comparable level to that reported by Jarvis et aL (1987) 



who found the specificity of saliva cotinine analysis to be 99%. However, tbe sensitivity 

was much Iower. Where Jarvis et al. (1987) found sensitivàies of 96 %, the present study 

had a sens i t~ ty  of ody 66.7%- However, given the short lu&-life of cotinine and the fact 

that many of the smokers had not ingested nicotine within the past 24 hours, it is not 

surprishg that verifkation was less accurate among pregnant women as compared to a 

general sample. 

Four variables were used in m e r  d y s e s  of cotinine verifkation of smo king during 

pregnancy: a) as descriid above, matenial self-report of smoking cigarettes during 

pregnancy was coded as a dummy variabIe; b) the nurnber of cigarettes smoked per day 

,with non-smokers receiving a score of O; c) the detection of cotinine in the saliva sample 

was coded as a dummy variable; and d) the fourth variable was the quantity of CO tinine 

detected (nanograms/mrlliliter) in the saliva sample. 

Pearson product-moment correlation coefficients were calculated for the relation 

between materna1 self-report of smoking, nurnber of cigarettes smoked per day, the 

detection of cotinine in the saliva sample, and the quantity of cotinine detected in the 

saliva sample for the 1 O3 participants for which aIl information was available. As shown in 

Table 3 maternal self reports of smoking during pregnancy and the results of the saliva 

cotinine analysis were highly correlated, with r's ranging fkom -509 to -687, with p t 0 1 .  

There was a sigaincant positive relationship between mothers' self-report of smoking 

during pregnancy and saliva cotinine andysis as well as a signincant positive correlation 

between the number of cigarettes smoked per day and the quantity of cotinine detected in 

the mothers' saliva 



Table 3 

Correlation Coefficients for the Relation Between Maternal Tobacco Use During 

Pregnancy and Cotinine in Maternal Saliva 

Variable SMOKE-YN CIG# 

COT-YN (n= 45) -685. ,687- 

COT-QTY ( ~ ~ 4 5 )  S09* .63 5* 

COT-YN = continine present - yesho; COT-QTY = quantity of cotinuie detected (ng/rnl); 
SMOKE-YN = smoking reported by mother - yesho; CIG# = average nmber of 
cigarettes smoked per day (based on self-report). 



Effect of Reporting: Channel on Accuracy of Maternal Self-Rwort of Smoking 

The mothers in the tobacco-exposed and control groups were divided according to the 

method by which they reported theïr smoking status (Le., fàce-to-fxe i n t e ~ e w  vs. self- 

administered questionnaire). The sensitivities and specificities of the cotinine analyses were 

comgared between ~e mothers who participated in a fàce-to-face i n t e ~ e w  and those who 

completed a self-administered questionnaire, to investigate whether the reporting channel 

had an impact on the accuracy of rnothers' self-report- Of the self-reported smokers, 

62.5% (n=15) completed the self-administered questionnaire and 37.5 % (n=9) 

participated in a face-to-face interview- Of the self-reported non-smokers, 44.3% (n=35) 

completed the questionnaire, while 55.7 %(ne) participated in the interview. 

The sensitivity bercent of smokers detected) of the saliva cotinine analyses was 55.6% 

for the face-to-face interview and 73.3 % for the self-administered questionnaire. 

However, chi square analyses indicated that this dserence in the sensitivity of the saliva 

cotinine analyses between the i n t e ~ e w  and questionnaire conditions was not signifïcant, 

2 (1) = -800, p = -371. However, the sensitivities of the cotinine analyses appears to be 

diffèrent between the two different reporting channels and it is possible that the kding 

was not significant because of a lack of power due to the small sample sizes in each cell. 

The specincity (percent of nonsrno kers correctly classifïed) of the saliva CO tinine 

analyses was 93.2 % for the face-to-fàce interview and 100% for the self-administered 

questionnaire. The specificity of the saliva cotinine analyses was not influenceci by 

reporting chamlei, x' (1) = 2.48, E = -115. 

In summary, reporting channel did not signifïcantly innuence the specïfïcity and 

sensitivity of the saliva cotinine analyses. 



Analvses of Matchulg;/Demop;ra~hic Control Variables. The three matching variabies 

chosen, birthweight (BW), gestational age (GA), and test age (TA), were the infant 

characteristics on which it was predicted that potential group differences that could 

innuence the information processing variables might exist. A MANOVA with Group as 

the independent variable and the three rnatching variables as the dependent measures 

indicated that the groups did not m e r  on these three rnatching variables, FJ3,44) = -456, 

r . 7  14. 

The three demographic control variables mcome, maternal age and maternal education, 

were assessed to determine if group differences existed on these variables- Results of a 

MANOVA with Group as the independent variable and the three dernographic control 

variables as the dependent measures revealed a mdtivariate effect of Group, F (3-43) = 

7.79, ~<.000. Univariate anaiysis indicated that compared to controls, tobacco-exposed 

infànts were born to mothers with a lower iucome Ievel F (1,45) = 13.6, IL(.001, lower 

leveis of education, F (1,45) = 8.84 , p<.005, and had mothers who were younger, F (1, 

45) = 17.39 , s 0 0 0  (means and standard deviations of the three matching variables and 

three demographic control variables are s h o w  in Table 4). To investigate ifthe Group 

differences on the dernographic control variables iduenced the outcome variables, a 

repeated measures MANOVA was run with the three demographic variables as the 

independent variables and the outcome measures on the information processing task as the 

dependent variables. No signifïcant multivarïate or unÏvariate effects were found. 

Control Measures for Information Processine Ability. To rde out the possïbility that as 

a result of prenatal tobacco exposure, the tobacco-exposed newborns might be less 



Table 4 

Group Means and Standard Deviations for Tobacco-Exposed and Control Newborns on 

the Three Matching and Three Demographic Control Variables. 

p - - p -  - - 

Variable Tobacco (n =24) COI&O 1 ( ~ 2 4 )  

Subiect Matching VariabIes 

Birthweight (g) 

Test age ('ours) 

Gestational age (wks) 

Demo sm~hic Contro 1 Variables 

Income (x $1,000 per year) 

Mother's age (yrs) 

Mo thers education &YS) 

"Standard deviations are in brackets beside each group mean. 

* p<.OOS 



capable of making head tunis tban the control infants, the tobacco-exposed and control 

newboniswere compared on the overd percentage of trials with head tum in either 

directiotl The percentage of trials that ended in a head turn was collapsed across the three 

phases of the procedure. Between-group dinerences were examined by a one-way 

ANOVA with Group as the independent variable and the percentage of trials ending in a 

head-turn as the dependent variable. No simrificant group dserences in the overali 

percentage of head-turning were found, F (1,46) =1 -76,~- .  1 9 1, indicating that to bacco- 

exposed and controI newborns were equally capable of making head turns. Tobacco- 

exposed and control hfànts made head tum on an average of 76.8% and 83.5% of trials, 

respectively. The second information processing control variable was the amount of time 

spent in a positive state. Since group ciifferences on this variable wodd represent a serious 

confioundïng variable, it was important to ensure that any group clifferences on the 

information processing variables couid not be attriïuted to differences in positive state. 

The group rneans and standard deviations for the percentage of time spent in a positive 

state in the three phases are s h o w  in Table 5. A 2 (Group) x 3 (.hase) repeated measures 

MANOVA with the percentage of time spent in a positive state in each phase as the 

dependent measure, revealed that cokpsed across groups, a high level of positive state 

was achieved in all three phases of the procedure,E (3,44) = -158, .924, with grand 

. -  . 
means for the fiumkmtion, novelty, and dishabituation phases of 82.6%, 82.8%, and 

81.3%, respectively. No between-group dserences were found, F (1,46) = .O 15, r . 9 0 3 .  

The Phase x Group interaction was also not signi-ficant, F(3,44) = -302, g = -824. 



TabIe 5 

Group Means and Standard Deviations for Percen-e of Time Spent in a Positive State 

Across Phases, for Tobacco-emosed and Control Neonates 

Group Familiarization Noveky Dishabituation 

Tobacco-exposed 84,1%(21.3) 82.2% (25.6) 81.7% (29.6) 

Controls 81-1% (20.8) 83.5% (21.0) 80.9% (24.7) 



Effects of Tobacco Exposure 

M y e s  of Information pro ces sin^ Ab%@ Figure 1 illustrates the percentage of head 

turnmg toward the sound source across the three phases ofthe procedure for the tobacco 

. -  . 
exposed and control infants- The f-tion phase is broken down uito four quartiles 

as shown in Panel a, the scores for the novelty phase trial bIocks are shown in Panel b, and 

the dishabituation block is shown in Panel c. 

Familiarization Phase. To assess whether the tobacco-exposed and control bfànts showed 

an initiai high percentage of head turns toward the f a d k b t i o n  stimulus (orientation) 

that decreased across the phase (habituation), a 2 (Group) x 4 (QuartiIes) repeated 

measures MANOVA was conducted with percentage of head-turns toward îhe stimulus in 

each of the four quartiles as the dependent variables. The multivariate effect of Quartiles 

was significant, F (3,44) = 2 5 . 5 , 6 0 0 0 ,  indicating that collapsed across Group, the 

percentage of head-turns to ward the stimulus decreased across quartiles; the percentage of 

head tunis decreased in a Iinear fashion fiom 60.7% in the fkst quartile to 21 -9% in the 

foin2h quartile- However, a Group x Quartile interaction, F (3,44) = 5.98, p<-002, 

revealed that the groups differed in the percentage of head turns toward the stimulus 

across the four quartiles. A multivariate effect of Group was O bscured due to the 

interaction, F (1,46) = 2.38, p. 130- Univariate analyses indicated that the two groups 

performed differently in the last quartile, F (1,46) = 18.72, p < -000. Inspection of the 

means revealed that the tobacco-exposed group maintained a high Ievel of head tuming 

toward the sound source compared to the control group, with means of 39.6% and 4.2 % 

of trials ending with a hini to wards the sound, respectively. 
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Figure 1. Mean percentage of head turns toward the sound source across the four 
quartiles in the familiarization phase (panel a), the hm trial blocks of the novelty phase 
(panel b), and the dishabituation block (panel c) for the tobacco-exposed and control 
grou ps. 
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To assess whether tums toward or away fkom the fimdkkation stimulus exceeded 

chance Ievels at the begbming and end of the familiarization phase, merence scores (turns 

toward minus tunis away) were compared with a mean of zero in the first and last 

quartiles for each group. One-sample 1 tests were used to determine whether the mean 

diflierence for each group was sigdïcantly different fiom zero. Analyses reveaied that 

both the nicotine-exposed group, 1 (23) = 6.09, I>( -000, and the control group, g (23) = 

4.38, E< -000, tumed preferentially toward the stimulus in the first quartile of the 

.. - fàmilranzation phase. However, in the last quarfile, the mean difference for the nicotine- 

exposed group was no t signïfïcantly different f?om zero, 1 (23) = 1 -96, p-= -062, indicating 

that the direction for head tuming was random. However, the control group tumed 

preferentially away fiom the stimulus in the last quartile, t (23) = -6.4 1, p<-000. 

To determine if the nicotine-exposed and control newborns exhibited similar leveis of 

orientation and habituation to the stimulus, behveen group cornparisons on the number of 

newboms reaching the criterion for orientation and habituation were carried out using x2 

analyses. No group differences were found for the percentage of neonates who reached 

the cnterion for orientation, X2 (1) = 2.00, = -156, with 83 % of the tobacco-exposed 

and 96% of the control group reaching criterion. The infants who achieved the criterion 

for orientation were included in a one-way ANOVA to determine if there were group 

differences in the number of triais required to reach onentatioa The resuits of this analysis 

indicated that there were no group daerences in the number of trials required to reach 

criterion for orientation, F (1,41) = 1.59, p = .215. As shown in figure 2 (panel a) of the 

infants who oriented, the tobacco-exposed infants oriented in an average of 5.6 trials, and 

the controf infants oriented in an average of 4.6 trials. 



Tobacco-exposecl infants were less Iikely to reach the criterion for habituation, X' (1) = 

1 5.3 9, gc.000. Ninety-two percent of the control group reached criterion for habituation, 

whiie only 37.5% of the tobacm-exposed infants achieved this criterion Of the infàntts 

who habituated there was no ciifference in the number of trials required to reach criterion, 

F (1,29) = .764, g = -389. As shown in figure 2 (panel a), the tobacco-exposed infants - 

required 10.6 trials to reach criterion, and control infants required 9.7 trials. 

In su-, the results of the data analyses for the Warizat ion phase indicate that 

tobacco-exposed infants performed at the same level as matched controk on measures of 

. -  - 
orientation to the familianzation stimulus. However, the to bacco-exposed group was fess 

likely than controls to reach the criterion for habituation. While both the control group and 

the tobacco-exposed group turned systematically toward the stimulus in the fkst part of 

the familiarization phase, indicating orientation, only the control group tmed  

systematically away fiom the sound source in the last part of the phase, indicating 

habituation. The tobacco-exposed group tumed randody toward and away fiom the 

sound source in the Iast part of this phase, indicating a Iack of habituation to the sound 

stimulus. 

Novelty Phase. A 2(Group) x 4(QuartiIes) repeated measures MANOVA with 

percentage of head-tums toward the stimulus as the dependent measure was used to 

compare the tobacco-exposed and control infants on the percentage of head tums toward 

the stimulus across the four quartiles of the novelty phase. The rnultivariate effect of 

quartiles was significant, F (3,44) = 17.75, Q t000,  reflecting a decrease in the percentage 

of head-tums toward the stimulus across quartiles. Collapsed across groups, the 

percentage of head-tums decreased in a linear f'ashion fFom 7 1.4% in the first qmrtile 
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Fi~ure 2. Number of trials required to reach criteria for orientation and habituation in 
the familiarization (panel a) and novelty (panel b) phases, and orientation in the 
dishabituation phase, for tobacco~xposed and control neonates. 



to 28.5% in the 1st quari.de. A main effect of Group was not found, F (1,46) = 1.59, g = 

-213; however, a Group x Quartile interaction approached signi£ïcance, F (3,44) = 2.32, 

pc.088. Due to the smd sample size, univariate analyses were explored to investigate 

possible differences in the percentage of head tums toward the sound stimulus. A 

univariate effect was found in the last quartile of the novelty phase, F (L,46) = 7.78, 

6008. Inspection of means reveaied that the tobacco-exposed group maintained a higher 

percentage of head-hms toward the stimulus in the last quartile of the novelty phase 

compared to the control group, with means of 41.7% (tobacco-exposed) and 15.2 % 

(control). The mean percentage of turns toward the stimulus for each group across the 

four quartiles is shown in Figure 3. 

.. * 

Since recovery to novelty following hab'ition to a familiarization stimulus has been 

demonstrated by previous research to be the best information processing measure for 

discriminating among infànts at high, moderate, and low risk for developmental dehy 

(Zelazo et al., l989), analyses investigating recovery to a novel stimuIus were of particular 

importance to this study. Recovery of head tuming upon introduction of the novel 

stimulus was assessed by comparing the percentage of head hinis toward the stimulus in 

the last trial block of the familiarization phase and fkst trial block of the novelty phase. 

A 2 (Group) x 2 (Trial Block) repeated measures MANOVA, with percentage of head- 

tum toward the stimulus as the dependent variable, revealed a multivariate effect of trial 

block, F (1,46) = 71 -6, pc.000, indicating that collapsed across Group, the overail 

percentage of turns toward the stimulus increased between the last trial block of the 

familiarization phase and the fkst trial block of the novelty phase, fiom 3 7.7% in the last 

block of the familiarization phase to 73.1% in the first block ofthe nove1ty phase. The 
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Fieure 3. Mean percentages of head tums toward the stimulus during the four quartiles of 

the novelty phase, for tobacco-exposed and control neonates. 
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multivariate effeçt of Group did not reach sigdicance, F (1 $6) = 1 -52, p = -224; 

however, a Group x Trial Block interaction was sigdïcant, F (1,46) = 11 -79, ~<..00 1, 

reflecting group merences in the pattern of head-himuig toward the stimulus in the two 

Trial Blocks. Univariate analyses indicated that this clifference was accounted for solely by 

the ciifference in head turning in the last trial block of the fami2iarization phase? F (1,46) = 

10.06,1><.003. Inspection of means revealed that the tobacco-exposed group rnaintained a 

higher Ievel of head turnuig toward the stimulus (AJ = 48.1%) relative to controls = 

27.3%), in the last trial block of the familiarization phase. The groups did not dzer on 

recovery to noveliy, F (1,46) = 1.38, =.247. However, a paired sample & - test 

cornparhg the last trial block of the familiarization phase with the fist trial block of the 

novelty phase revealed that both the tobacco-exposed, 1 (23) = -3.46, Q< -002, and the 

control, t (23) = -8.65 E< .000, groups did recover responding upon introduction of the 

novel stimulus. Examination of the means reveded an hcrease in the percentage of head 

turns toward the stimulus Eom the last block of the farniliarization phase to the fïrst 

trial block of the novelty phase, with means for the tobacco-exposed group of 48.1 % and 

69.2%, respectively, and the 27.3 % and 77.1%, respectively, for the controls, as shown in 

figuxe 4. 

To assess the number of turns toward the stimulus relative to tunis away at the 

beginning and end of the novelty phasey the dBerence scores for the first and last quartiles 

for each group in the novelty phase were compared with a mean of zero. Analyses 

indicated that both the tobacco-exposed, g (23) = 4.33, p<.000, and control groups, 1 (23) 

= 7.40, p<.000, turned preferentially toward the stimulus in the &st quartile. However, in 

the last q d e ,  while the control group tumed systematidy away fkom the stimulus, 
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F i m e  4. Response to novelty among tobacco-exposed and control neonates as 

determined by change in head turns toward the sound source between the last triai 

block of the familiarization phase and the fkst trial block of  the novelty phase. 
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g (23) = -6.79, F.000, the tobacco-exposed group turned randomiy toward and away 

fiom the stimulus, 1 (23) = 1.06, ~ 3 0 2 .  

The percentage of infants m each group who reached the de r ion  for orientation and 

habituation to the novel stimulus were compared using XZ anaIyses. No group daerences 

were found on orientation to the novel stimulus, X2 (1) = 2.40, Q = .12 1. Ninety-two 

percent of control i n h t  and 75 % of tobacco-exposed infants reached criterion for 

orientation, However, tobacco-exposed infants were less likely than controls to reach 

criterion for habihiation, X2 (1) = 14.1 1, p .000,  with 79% of controls and ody 25% of 

tobacco-exposed infants reaching criterion. As ïJlustrated in figure 2(Panel b) there was 

no dserence in the number of trials required to reach the criteria for orientation, F (2,  38) 

= -00 1, p =,Wl, or habituation, F, (1,23) = .343, ~ ~ 5 6 4 .  

Together, the results of these analyses for the novelty phase indicate that the 

infomation processing abiiÏty of the tobacco-exposed infants is compromised relative to 

controis. Specifically, exploration of univariate analyses revealed a that the to bacco- 

exposed group maintained a higher percentage of head turns toward the stimulus in the 

last quartile of the novelty phase relative to controls. Whde both groups oriented to the 

noveity stimulus, the tobacco-exposed infiints were less likely to habituate to the novelty 

stimulus as compared to the control group. Moreover, the tobacco-exposed infants tumed 

raudomly toward and away h m  the novelty stimulus in the last quartile whereas the 

control group tumed systematically away. However, both the tobacco-exposed and 

control groups exhibited similar responses in recovery of responding to the novel stimulus. 

Dishabituation Phase. In the dishabituation phase the original stimulus in the 

familian;riition phase was reintroduced- To determine if the introduction of the 



dishabituation stimulus would elicit recovery of head turning, the percentage of head turns 

toward the stimulus during the second block of the novelty phase was compared with the 

percentage of head tums toward the stimulus h the dishabituation block A 2 (Group) x 2 

(Block) repeated measures MANOVA with percentage of head turns toward the stimulus 

as the dependent measure, revealed a multivariate effect of Block, F (1,46) = 69.9, 

~<.000, indicating that collapsed across Group, the percentage of head tums toward the 

stimulus increased across the two tnaj blocks, fiom 38.9% in the last trial bfock of the 

novelty phase to 74.2% in the dishabituation block. There was no main effect of Group, F 

(1 $6) = -674, r.416, however, a signisrcant Group x Block interaction, F (1,46) = 25.6, 

~<.000, revealed merences in the pattern of head-turning between groups. As shown in 

figure 5, univariate anaiyses indicated that this effect was due to ciifferences in head 

turning responses in the last block of the novelty phase, F (1,46) = 13 -3 5, pc.00 1. 

Inspection of the group means revealed that the tobacco-exposed group responded with a 

greater percentage of head tums to ward the stimulus in the last block of the novelty phase 

(M = 5 1 -45%) as compared to the control group &f = 26.39%). Paired sample 1- tests 

comparing the last trial block of the noveIty phase with the dishabituation block indicated 

that both the tobacco-exposed, t(23) = -2.26, fi.033, and control groups, g (23) = - 

10.87, ~c.000, recovered responding to the dishabituation stimulus with means of 66.7% 

and 8 1.74%, respectively. A one-way, between-groups ANOVA with the percentage of 

head-tums toward the stimdus in the dishabituation trial block as the dependent measure 

approached signifïcance, F (1,46) = 3.60, p = .064. Cornparison of the relative number of 

tum toward versus tums away £kom the dishabituation stimulus with a mean of zero, 

indicated that both the control group, 1 (23) = 19-22, e(.000, and the tobacco-exposed 
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Fiwe 5. Recovery of responding to the famüiarization phase among the tobacco-exposed 

and control infants determined by change in head turns toward the stimulus between the 

last block of the novelty phase and the first block of  the dishabituation phase. 
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group, t (23) = 7.65, p+=-000, turned systematically toward the &habituation stimulus. 

However, X2 analyses revealed that the two groups differed in the percentage of infimts in 

each group who reached the criterion for orientation, 2 (1) = 5.58, E< -0 1 8. Whereas, 

100% of the control group reached critenon for orientation, ody 79% of the tobacco- 

exposed b t s  oriented. However, of the &ts who oriented in each group, there was 

no clifference in the number of trials required to reach the criterion for orientation, F, (1, 

41) = 1.17, E> = -285, with mean number of trials for the control group of 4.OO and for the 

tobacco-exposed group of 4-53, as shown in figure 2 (panel c). 

Together, the r e d t s  of the dishabituation analyses indicate that upon introduction of 

the dishabituation stimulus, both groups recovered responding to the stimulus and turned 

preferentidy toward the stimulus. Moreover, both groups required a similar number of 

trials to reach d e r i o n  for orientatioa, although the tobacco-exposed infants were less 

likely to orient to the dishabituation stimulus than controls. 

s w  

Compared to controls, infants born to mothers who smoked tobacco during pregnancy 

had mothers who were younger, had less education, and were at a lower Ïncome level. 

There were no ciifferences in the abilXty of the infànts in either group to make head turns 

toward or away fiom the sound source, and there were no clifferences in the degree of 

positive state achieved in each phase of the procedure. However, the to bacco-exposed and 

control groups differed on numerous information processing measures. In both the 

familiarization and novelty phases, the tobacco-exposed and control infants onented to the 

sound source in a similar number of trials. However, the tobacco-exposed infants were 

less likely to habituate than the controls. Further, while both the control group and the 



tobacco-exposed group tumed preferentidly toward the sound source in the nrst part of 

the phase (implying orientation) ody  the control group tumed syst ernaticdy away 5om 

the saund source (Mplying habituation) during the second part of the phase while the 

tobacco-exposed group hmed randomiy toward and away fiom the sound source. In the 

novelty phase, both groups recovered responding to the novel stimulus although the 

tobacco-exposed infants did not habituate as weil as controk. In the dishabituation phase, 

both groups recovered respoading to the stimulus and turned preferentially toward the 

dishabituation stimulus, implying orientation. However, control infants were more likely to 

O rient to the dishabituation stünulus relative to the to bacco-exposed infants. 

Effects of Tobacco-Exposure: Three-Week FolIow-Up 

One objective of this study involved retesting the in.îànts at three weeks of age in order 

to assess ifany differences found at birth would remain d e r  a period of tirne. The main 

reason for this retest was to remove the influences of nicotine withdrawal on the infants' 

performance on the information processing procedure. 

Participants 

Nine tobacco-exposed infants were tested on the information processing procedure at 

three-week follo w-up. Thirty-four participants fiom the control gro up were tested at 

three-week follow-up. From this sample, nine controls were matched on the three 

matching variables (BW, G& and TA) using the same matching procedure as the initial 

testing sarnple. The raw data for each tobacco-exposed infant and their matched control is 

in Table 5. As in the previous sample, infiuits prenatalty exposed to tobacco had mothers 

who were younger, had Iess education and were fiom a lower income level compared to 

the matched controI group. The means and standard deviations for the matching and 



demographic control variables for the tobacco-exposed and control groups are shown in 

Table 6. 

Procedure 

Mothers who had agreed to be contacted were telephoned and asked to corne into the 

Valley Regiod Hospital to participate in the three-week follow-up test. The information 

processing procedure was identical to that used in the testmg at birth. 

Analvses of Information Processingl A b ' ï  

Unfominately, the s d  sample size (0=18) at three-week follow-up precluded the use of 

quantiîative analyses; therefore, the results of this part of the study will be discussed 

qualitatively- As in the fkst part of this study, figure 6 illustrates the percentage of head 

tuming toward the sound source across the three phases of the procedure for the tobacco 

exposed and control infânts. The fàmilarization phase is broken down into four quartiles 

as s h o w  in Panel a, the scores for the novelty phase trial blocks are shown in Panel b, and 

the dishabituation block is shown in Panel c. 

Information Processing Control Variables. Two information processing control 

variables were explored in this part of the study, 1) positive state, and 2) overail 

percentage of tums. Both the tobacco exposed and control groups fnaintained a hi& level 

of positive state throughout the information processing procedure with grand means of 

89.9% for the tobacco-exposed and 87.1% for the control group. Both the tobacco- 

exposed group and the control group made similar percentages of head-turns toward the 

stimulus with means of 73.7% and 7lS%, respectively. Observation of this data wouid 

suggest that the groups did not difZer on these control measures. 



Table 6. 

Raw data on Subject M a t c h  for Tobacco-Exposed Infants and their Maîched Controis 

at Three- Week Fo ilow-UR 

Birthweight Gestational Age Test Age 
(.gl (w=W (hourd 

Smoker Control Smoker Control Smoker Control 

*matched control is outside of the matching criteria for that particular variable. 
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Table 7 

Group Means and Standard Deviations for Tobacco-Emosed and Control Newborns on 

the Three Matchmn and Three Demomaphic Control Variables at Three-Week Follow- 

VD. 

Variable Tobacco (n =9) Control (n=9) 

Subiect Matching Variables 

Birthweight (g) 3280 (495) a 3496 (391) 

Test age (days) 24.4 (3 -7) 24.2 (4.2) 

Gestational age (wks) 39.9 (1-7) 39.7 (1.1) 

Demomaphic Control Variables 

Tncome (x $1,000 per year) 24-6 (1 1.4) 3 9.2 (1 6.4) 

Mother's age Ws) 23-8 (4.9) 3 1 .O (2.8) 

Mothers education (yrs) 10.4 (1.2) 13.6 (1.3) 

"Standard deviations are lïsted in brackets beside each group mean. 



Familiafi';lation Phase. Observation of the data for this phase indicates that a similar 

pattern of results was found at three-week follow-up as at initial testing. Figure 6 (panel a) 

illustrates that the intànts made a similar percentage of head turns toward the sound 

source in the first three quaailes of the fàudkhtioon phase (mdicating onentation), wbile 

it would appear that the tobacco-exposed group maintained a higher percentage of head 

tuniing in the last quarfile compared to controls, with mean percentage of head-tums 

toward the sound source of 41.7 % for the tobacco-exposed group and 13.9% for the 

control group. 

As shown in figure 7 (panel a), there appears to be no merence in the percentage of 

infànts who oriented in the fàmhnza 
.. . 

tion phase, with 77.8% of the control group and 

88.9% of the tobacco-exposed group reaching the criterion for orientation However, the 

percentage of hfimts who reached the criterion for habituation appears to be higher for the 

control group, with 77.8% reachmg criterion, compared to the tobacco- exposed group, 

of whom 44.4% reached the criterion for habituation Of the infmts who reached the 

criteria for orientation and habituation there appears to be no merence in the number of 

trials requïred to reach the criteria, as s h o w  in Figure 8 (panel a). 

Novelty Phase. In this phase of the procedure the data seem to indicate that, as in the 

familiarization phase, both groups of infànts had similar percentages of head tums toward 

the sound source in the 6irst three quartiles; however, the tobacco-exposed group had a 

higher percentage of head tums in the last quartile relative to controls, as illustrated in 

Figure 9. The mean percentage of head turns toward the stimulus m the last quartile of 

the novelty phase was 52.0 % for the tobacco-exposed group and 25.9% for the control 

group. 
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Figure 6. Mean percentage of head-tuming toward the sound source for 
the tobacco-exposed and control infants during: familiarization phase 
quartiles (panel a); noveity phase trial blocks (panel b); and the 
dishabituation phase block (panel c) at three-week follow-up. 
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Fiçrure 7. Number of neonates who reached criteria for orientation and habituation in 
the familiarization (panel a) and novelty (panel b) phases, and orientation in the 
dishabituation phase, for tobacco-exposed and controf neonates, at three-week folIow- 
"P. 
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Fiaure 8- Number of trials required to reach criterÎon for orientation and habituation 
in the familiarization (panel a) and novelty phases (panel b), and orientation in the 
dishabituation phase (panel c), for tobaccoexposed and control infants, at three- 
week follow-up. 



Figure 9. Mean percentage of head tunis toward the sound source across the four 

quartiles of the novelty phase for the tobacco-exposed and control groups at three- 

week follow-up. 



The percentage of head tums toward the stimulus increased between the last block of 

the fhdkizatinn phase and the £ùst block of the noveky phase for both the tobacco- 

exposed and control groups implyiog recovery to the novel stimulus. The control group 

tmed toward the stimulus on only 22.0% of trials during the last bIock of the 

f k d k k i t i o n  phase and 64.6% of trials during the fbst block of the noveky phase, 

whereas the same meam were 40.1 % and 62.1 %, respect~ely, for the tobacco-exposed 

P U P -  

For both the tobacco-exposed and control groups, 88.9% of the uifants reached the 

criterion for orientation and required a similar numkr of triais to achieve this, with 5.6 

trials for the control group and 6.2 trials for the tobacco-exposed. However, the data 

indicate that the control group may have been more iilceky to habituate to the novel 

stimulus than the tobacco-exposed groxp, with 44.4% of control infants reachhg the 

criterion compared to ody 28.6% of the tobacco exposed infants (see Figure 7, panel b). 

Of those who habituated in each group, they ciid so withui a similar number of trials, 9.2 

for the control group and 9.5 for the tobacco-exposed. Figure 8 (panel b) illustrates the 

number of trials required to reach the criteria for orientation and habituation for the 

tobacco-exposed and control infants in the novelty ptiase. 

Dishabituation Phase. With respect to recovery of responding to the dishabituation 

stimuhis, the data suggest that the control group recovered responding to the stimulus 

with 35.1% of head tums toward the stimulus in the 1st trial block of the novelty phase 

and 68.7% for the dishabituation block. The tobacco-exposed group also seemed to 

recover responding, but to a Iesser degree with rnean head turns toward the stimulus of 

55.2% and 68.5%, respectively. 



There appears to be no différence between the groups in the percentage of head tums 

toward the dishabituation stimulus, with means of 68.7 % for the control group and 68.5% 

for the tobacco exposed group. There was no difference in the number of intànts who 

reached the criterion for orientation with 77.8 % of the control and tobacco-exposed 

infants reaching this criterion and both groups required a simiIar number of trials to reach 

the criteria, 3 -7 and 4.3, respectively. 

Siimmilly 

In summary, the descriptive data fiom this part of the study seem to indicate that the 

irifmts exhiibited a simila. pattern of respondjng at three-week follow-up as they displayed 

at b i .  The tobacco-exposed group mRbitained a greater percentage of head tums toward 

the sound source in the last quartile of the fàmhnza 
. -  * 

tion and novelty phases corripared to 

the control infànts. Both the contrd and tobacco-exposed groups recovered responding 

v o n  introduction of the novehy and dishabituation stimuli. Both groups oriented to the 

sound source in all three phases of the procedure, but the control group appeared to be 

more likely to reach the criterion for habituation. 

Discussion 

Information Processinq 

Summarv of Findings. As hypothesized, Merences in information processhg ability 

were found m each phase of the information processing procedue among the tobacco- 

exposed intànts, at birth, and the data suggest that the information processing impainnents 

remab at 3 weeks of age. The resuits indicate that prenatd exposure to tobacco adversely 

affects performance on the newborn id-ormation processing procedure. Maternal smoking 

.. . was associated with impainments in habituation to the auditory f i m h r m i o n  and novelty 



stimuli and recovery of responding to the dishab'ituation stimulus. Orientation to the 

. -  . 
i2mhïrmtion stimulus and recovery of head-turning to the novelty Stxmulus were not 

affected Both groups systeflli2fically turned toward the stimulus at the beginoing of the 

.- . fimdmmtion phase indicating orientation. However, during the last quartiles of the 

familiarization phase, the control group turned systematicaiiy away £tom the stimulus 

hdicating habituation, whereas the nicotine-exposed infants tumed randomly toward and 

away fiom the stimulus. Turning away fiom the stimulus is a robust fÏnding that has been 

dernonstrated repeatedly with normal, healthy infants during habituation and implies active 

processing of the stimulus (e-g., Brody et al., 1984; Swain et al, 1% 1 ; Tarquinio et al., 

1990; Tarquinio et al., 199 1; Zelazo et al., 1984). Failure to turn away fiom the stimulus 

during the Iast quartile of the phases implies a dismption m the expected processing 

response (Le., turning away fiom the now redundant stimulus). This interpretation is 

supported by the fkct that nicotine-exposed infants were ako less likely to reach the 

critenon for habituation in the f"amtltariza . -  . 
tion phase. 

Following repeated presentations of the familiarization stimulus, the novel stùnulus was 

introduced and both the control and tobacco-exposed groups displayed a high level of 

head tuming toward the soimd source, tummg systematically towards the sound source, 

implying recovery of responding. Thus, the control infants switched fiom tiiming away to 

turnmg towatd the sound source upon introduction of the novel stimulus, whiie the 

tobacco-exposed group switched fkom the random head-tuming response at the end of the 

familiarization phase to systematic turns toward the novel stimulus. 

After repeated presentations of the novel stimulus, the control infants habituated, and 

during the last few trials of the novelty phase, they turned systematically away fiom the 



stimulus as predicted. The tobacco-exposed group exhiiited the same pattern of 

. . 
responding to the novel stimulus as  they did to the fh ïhmat ion  stimulus. Following 

systematic turning toward the stimulus in the beginning of the phase, they began turning 

randomty toward and away fiom the novel stimulus at the end of the phase. The tobacco- 

exposed &ts were also less likeIy to habituate to the novel stimulus relative to controls. 

Upon presentation of the dishab'uatition stimulus both the tobacco-exposed and control 

. - groups recovered respondmg to the previously famtliRn7:ed stimulus. However, there was 

a trend for the tobacco-exposed group to show deficits in recovery of responding relative 

to controls, although both the tobacco-exposed and control groups tumed systematically 

toward the sound source during the initial trials of the dishabituation phase. However, in 

contrast to their performance in the previous two phases, the tobaccu-exposed group was 

less likely to reach the criterion for orientation to the dishabituation stimulus. 

Fetal tobacco-exposure was associated with impaimzents in habituation to the 

.. * 
fàmhmation and novelty stimuli, but recovery to novelty did not discriminate among the 

groups. Both the tobacco-exposed and contrd infaats recovered respondiug to the novelty 

and dishabituation stimuli-, however, the tobacco-exposed infants were less Iikely to reach 

the criterion for orientation in the dishabituation phase. The small sample size at foIlow-up 

testing s i ~ c a n t l y  reduced the power of any statisticd analyses and it rnust be cautioned 

that the hdings are based on qualitative data analyses and it is possible that an increase in 

sample size may obscure any trends no ted in this part of the study. A similar pattern of 

results was observed at three weeks of age, with impairments m habituation to the 

.. . 
fhmhmation and noveIty stimuli for the tobacco-exposed infants. The ciifferences in 

orientation found in the dishabituation phase at initial testing were not evident at three- 



week follow-up. Since the effects of nicotine withdrawal would have dissipated by the 

three-week follow-up tesiing, the data suggest that the effects observed at birth may not 

be solely attri'butable to the effects of nicotine withdrawd In fàct, the trends observed at 

three weeks of age provide support for longer-term effects, at least beyond the perinatal 

period, of prenatal nicotine exposure. 

The merences between the tobacco-exposed and control infants cannot be attriiuted 

to differences in positive state or ability to make head turns. There were no differences 

among the groups in terms of percentage of time spent in a positive state or in the overall 

percentage of trials with head tum. In addition, the fict that group differences were not 

.. - 
observed on measures of orientation to the f-tion and noveIty stimuli implies that 

both groups were equally capable of localizing the sound and erg- the appropriate 

head tureg  responses. The group differences appear to reflect differences in information 

processing ab%@- The fàct that the nifants were matched on important control variables 

increases the probability that the observed differences in performance are attributable to 

matemal prenatal tobacco smoking. Ail ini"ants at initial testing, and all but one at three- 

week follow-up, were matched on birthweight- The rnajority of infànts were also matched 

on test age and gestational age. The fact that clear differences exkt despite control of 

biiweight, possibly the most severe confounding variable, increases the Iikelihuod that 

the observed effects are due to fetal tobacco exposure. The tobacco-exposed and control 

groups Wered on matenial age, SES, and education, but analyses with both the control 

and tobacco-exposed group showed that Mmt performance on the information processing 

procedure was not related to these variables- Lower matemal age, SES, and education are 

part of the consteilation of fàctors that go dong with materd smoking during pregnancy 



and as such were treated as intervening variables, ratbier than confounding variables m the 

present study (Kieiy, 1 99 1). Unlike previous studies assessing the effects of prenatal 

exposure to tobacco on newborn outcome using the NBAS (BrazeIton, 1984), this study 

employed the most valid measure of auditory information processing currently available. 

The procedure, developed by Zelazo and colleagues, has been extensively researched and 

shown to consistently elicit a reliable response pattern from normal healthy infants (e.g., 

Brody et al., 1984; Swain et aL, 1991; Tarquinio et aL, 1990; Tarquinio et aL, 199 1; 

Zelazo et al., 1984), and has k e n  found to reliably discrnraùIate among int'ants prenatally 

exposed to tobacco (Potter, 1996) and cocaine (Potter et aL, 2000). Deviation fiom the 

expected response pattern in an hfbt who is in an alert, testable state implies deficits in 

the processïng of the auditory stimuli. 

Interpretation of Fùidin~s. Numerous studies conducted by Zelazo and colleagues using 

the auditory idormation processing procedure have demonstrated that normal, healthy 

. -  . neonates orient and habituate to a fkdmzation stimulus, recover responding and 

subsequently habituate to a novel stimulus, and dishabituate to the return of the 

- .  
famili;tn;r;ition stimulus (e-g., Brody et al., 1984; Swain et d, 199 1 ; Tarquinio et al., 

1990; Tarquinia et al., 1991; Zelazo et al., 1984; Zelazo et aL, 1987, Zelazo et al., 1989). 

In addition, habituation is not only determined by a lack of head turning toward the 

stimulus, but by systematic tuming away f?om the stimulus. This robust fïnding implies 

that newboms actively process auditory stimuli and habituation is not simpiy a remit of 

selective receptor adaptation (Zelazo et al, 1991). Failure to tum preferentially toward the 

stimulus during the i n .  brials of a @en phase or to turn away fiom the stimulus in the 

last trials of a phase @lies a lack of processmg of the stimulus. 



Orientation, habituation, and recovery to a novel stimulus are separate behaviord 

responses which ail rely on one common cognitive process, the creation of mental 

representations (Bornstein, 1989; Bornstein & Sigman, 1986; Weiss et aL, 1988; Zeiazo, 

1988; Zelazo et aL, 199 1). The initial orientation observed upon presentation of the 

f m t i o n  stimufus has been descriid as primarily reflexive behavior (Muir & Clifton, 

1985; Zelazo et al., 199 l), although the response may take several stimulus presentations 

to develop. W1th repeated exposure to the stimulus, the infant creates a mental 

representation of the stimulus. Each stimulus presentation is actively compared with the 

mental representation and, depending upon the strength of the memory trace and the 

parameters of the Stùpdus, the infànt may respond by turning toward the stimulus, away 

f?om the stimdus, or by not turning at all (ZeIazo et A, 1991). Turning away fkom the 

stimulus after repeated presentations +lies that a mental representation was created and 

that the stimdus is recognized as familiar. The consistency of the finding that newborns 

turn away fiom a redundant stimulus suggests that an affective component is elicited that 

resdts in the idànts' attempt to actively avoid the redundant sound (Zelazo et aL, 1991). 

Failure to habituate Ililplies a deficit in the ability to create an accurate representation of 

the stimulus, while failure to turn systematicatiy away f?om the stimulus may indicate a 

lack of processing of the stimulus. 

Recovery of respondmg to a novel stimulus involves the recognition that the stimuius is 

different h m  the one previously presented. It is hypothesized that an active comparatory 

process takes place, in which the novel stimulus is compared witb the mental 

representation. If a mismatch results, recovery of responding occurs. In the high-risk 

sample assessed by Zelazo et al. (1991) in which infants who had previously habituated to 



a f à d k k e d  stimulus M e d  to recover responding to the novel stimulus, a breakdown in 

the comparatory process was mfened. That is, habituation to the stimulus was evidence of 

the creation of a mental representation of the previous stimulus, however, the novel 

stimulus was not processed as a mismatch and recognized as Herent &om the previous 

stimulus. 

In the present study, the tobacco-exposed infants decreased their responding to the 

m .  . familiarization and noveky stimuli, but failed to habituate to the same degree as controls. 

This decrement in responding implies that only a partial representation of the stimulus was 

created, whereas the control group habituated, indicating that a strong mental 

representation was created. Further, the tobacco-exposed group failed to h m  

.. . 
systematically away f?om the famrlran7iition and nove1~ stimuli, indicating lack of 

processing of the stimulus. However, it is clear that the tobacco-exposed group did create 

some mental representation as evidenced by their ability to recover responding to novelty. 

While the tobacco-exposed group f'ailed to create an accurate representation of the 

Mar iza t ion  and novelty stimuli, as evidenced by the iack of habituation to these stimuli, 

and did not process the stimuli to the same degree as the control group, as evidenced by 

the failure to tuni systematically away fkom the stimuli, they did form some mental 

representation of the stimuli, as evidenced by their ability to recover responding to the 

novel and dishabituation stimuli. The ability of the infants to recover responding to the 

novel and dishabituation stimuli irnplies that the comparatory process is intact. However, 

the evidence for deficits in habituation implies that the creation of this mental 

representation was not weU formed. These fïndings indicate that there is a breakdown in 

the infants' ability to actively process the auditory information. 



Relation to Previous Research. The hypotheses that tobacco exposure would be 

associateci with deficits in performance in all three phases of the information processhg 

procedure was based upon inconsistent fxndings fkom previous research investigating 

various risk factors for developmental delay. Zelazo et al. (1989) demonstrated the 

discriminant vdidity of the information processmg procedure with infànts at different 

levek of risk for developmental delay. Hi&-risk infants fded to recover responding to the 

* -  . 
novel stimulus following orientation and habituation to the f-tion stimulus. The 

r e d i s  of Potter et al. (2000) corroborated these kdings; recovery to novelty 

discriminated among infkts prenatally exposed to cocaine and non-exposed infants- 

Further, Potter (1996) found that tobacco-exposed b f h t s  showed deficits in recovery to 

noveIty, ody in the dishabituation phase. Con t rq  to Zelazo et ai. (1 989), these two 

studies (Potter et aL, 2000; Potier, 1996) found that orientation and habituation measures 

also discrimina .. - 
ted among the infants in different exposure groups in the fàmhamation 

phase. Specifïcally, the cocaïne-exposed group was less likely to reach the criterion for 

habihiation in the =tbn phase, the criteria for orientation and habituation in the 

novelty phase; and orientation in the dishabituation phase (Potter et al., 2000); nicotine 

exposed Hifants were fess likeIy to reach the cnterion for orientation and habituation in the 

.. - 
fàmhmntion phase and orientation in the dishabituation phase, group differences were 

not found for the novelty phase (Potter, 1996). 

However, the analyses of the famtlianza .. . 
tion phase data revealed dose-response effects 

- -  * of matemal smoking on newborn responses to the famrIisrr7ation stimulus. The infants 

born to mothers who smoked more than 10 cigarettes per day (HS) exhibited a lower 

percentage of head tunis toward the stimulus during the fkst halfof the fhdkrkation 



phase and a greater percentage of head tums toward the stimulus during the second half 

of the fbdkkat ion  phase than either the inhts boni to mothers who smoked less tban 

10 cigarettes per day (LS) or controls. Additionally, the HS ï n f h t s  requked more 

. . 
to reach criterion for orientation to the fàmhrmtion stimulus compared with the 

controls, and the LS int'ants fell between the two groups. These results suggest that 

smoking during pregnancy has adverse effects on newbom information processing as 

assessed by the fimhma .. * tion phase measures, and that the decrement in performance is 

related to the number of cigarettes smoked per day. Planned between group coniparisons 

on the mean percentage ofhead tum toward the stimulus during the dishabituation phase 

indicated that the HS infànts made a lower percentage of head hirns toward the stimulus 

relative to the control infants @ <.OS). The other group cornparisons were non-si-cant. 

Ln the present study only the habituation measures reliably discriminated among the 

tobacco-exposed and non-exposed groups. Speci6callyY similar to the findings of Potter 

(1996), particularly the hfimts born to heavy srnokers, the tobacco-exposed infants in the 

.. . 
present study were less IikeIy to habituate in the fhhmzation and novelty phases, and 

were less likely to orient in the dishabituation phase. Both studies found that recovery to 

novelty was not afEected by prenatd tobacco exposure. However, in contrast to Potter 

(1996), in the familiarization phase of the present study, the tobacco-exposed group and 

control group were equally likely to orient to the stimulus. 

There are two ~ d l l i g s  in the present study which seem to contradict previous research. 

First, in the present study, the tobacco-exposed and control groups did not exhi'bit any 

merences in recovery to novelty, whereas in previous studies, recovery to novelîy was 

found to disaïminate among groups at varying levels of risk (ZeIazo et al., 1989; Potter et 



al., 2000; Potter, 1996). Second, as in the studies by Potter, habituation measures in the 

. . 
familiarization phase discrlmniated arnong groups in the present study, but not in the 

study conducted by Zelazo et al. (1989). There are, however, two possible expIanations 

for these kdÏngs. 

First, with respect to recovery to novelty in the present study, Potter (1996) did not 

fhd that recovery to novelty discriminated among groups and that fïnding was replicated 

in the present study. However, Potter (1996) did fïnd differences between the tobacco- 

exposed group and the non-exposed group on recovery to the dishabiition stimulus. 

m e  there were no statistically si@cant Werences between the tobacco-exposed and 

control groups in the present study, there was a trend evident that the tobacco-exposed 

group did not recover responding to the same degree as the control group. This difference 

was marginally si@cant e . 0 6 2 )  and it is possible that with increased sample size this 

ciifference would become more evident. The fact that the present study partially replicated 

the results of Potter (1996) indicates that tobacco-exposure may selectively affect the 

nifants' idormation processmg ability with a diifierent mechsnism than that in infants born 

with high risk conditions (e.g., asphyxiation requiring ventilation, hydrocephalus, and low 

grade intracranial hemorrhages), and those who were prenatally exposed to cocaine. ft is 

possible prenatal exposure to nicotine does not have as  adverse an effect on fetal brain 

development as the more senous C N S  insults associated with various high risk conditions 

and prenatal cocaine exposure. Second, with respect to merences on the orientation and 

habituation measures, in Zelazo's et al. (1989) sample, 14 of the original 167 infants tested 

on the procedure were excluded pior to data analyses due to fidure to reach the criterion 

for orientation in the f imhmm .. . tion phase. Unlike the present study, exclusion of bfàntç 



who Med to orient in the study by Zeko  et al. was justified by the fact that these î d h t s  

had suffered a number of serious perniatal complications that placed them at a greater risk 

for auditory impairments. Zelazo7s et ai. (1989) exclusion of the mfants who failed to 

orient would have resutted in a reduction m the variability in pefiorrnance on the 

information processing measures and diminished the likelihood of hding any differences 

on the orientation and habituation measures in the three phases of the procedure. In the 

studies conducted by Potter and coUeagues (Potter et al., 2000; Potter, 1996), and in the 

current study, infhts who f'ailed to orient in the fàmjhht ion  phase were not excluded 

prior to data analyses which allowed for variability on the orientation and recovery 

.. . measures and subsequently the habituation measures in the f-on and novelty 

phases, and thus merences were detected. 

The mipairments associated with tobacco exposure on the information processing 

procedure are stdcingfy consistent with the findings of Potter (1996) with the exception of 

.. . Merences in orientation to the fkmhmation stimulus. Examination of the data fiom the 

two studies indicates that the tobacco-exposed group performed approlrimately the same 

in both the present study and the study by Potter. It was the superior performance of the 

control infants in Potter's study relative to control infants in the present study which 

accounts for the discrepant findings. The reason for the difference in performance between 

the control infants in the present study and those in Potter's study is not clear given that 

the procedures were identical. Potter (1996) was the first to investigate auditory 

information processing in newboms prenatally exposed to tobacco and the h d i n g s  of the 

present study support the notion h t  prenatal tobacco-exposure selectively impairs 

auditory information processing ability. 



SimilRr kdings have been found h previous studies empbying the NBAS to 

investigate tobacco-associated impairments in orientation and habituation (Fried & Makin, 

1987; Picone et al., 1982; Richardson, et al., 1 989; Saxton, 1 978). In these studies ïnfànts 

whose mothers smoked during pregnancy exhibited deficits on the auditory orientation and 

habituation measures of the NBAS. It has been suggested that such deficits may be 

secondary to an increased auditory threshold among tobacco-exposed infants (Fried & 

Makin, 1978; Picone et aL, 1982; Saxton, 1978). Although this is only one possible 

interpretation of the results, the poss&ility that disturbances in auditory threshold were 

respomile for the impaired performance of the tobacco-exposed neonates in the present 

study is an important one. 

Auditory Threshold Disturbance Versus Tnformation Processing Disturbance 

Results of studies comparing tobacco-exposed infants with non-exposed controk on 

the NBAS have raised the possïbility that tobacco-exposure rnay have a detrimental effect 

on hearing ability, possibly by raising the auditory threshold (Fried & Makin, 1987; Picone 

et ai., 1982; Saxton, 1978). However, there is little evidence m the literature that children 

whose mothers smoked cigarettes during pregnancy are at a higher risk for deahess. For 

example, Trammer, Aust, Koster, and Obladen (1992) examined the auditory evoked 

potentials of non-drug-exposed infmts and infants exposed to either tobacco only or to 

tobacco and narcotics- The r e d t s  indicated that tobacco-exposure aione did not affect the 

i n t e e  of the neonatal auditory system, although impairments were observed among 

intànts prenataily exposed to both tobacco and narcotics. Since the previous midies 

assessing premtal tobacco-exposure using the NBAS did not assess prental use of 

narcotics, it is possible that the use of such àrugs may have confounded their results. 



Anderssen, Nicolaisen, and Gabr ieh  (1993) found that both tobacco-exposed and non- 

exposed h h t s  responded autonornically and behaviorally to a sudden 80 declhl noise; 

although, the tobacco-exposed newborns were more likely to respond with apnea than 

non-exposed i h t s .  Finally, Kak& Rainbott, and BmtzeI (1 987), in a survey of the 

parents of school cfUIdren who Med the schools' hearing test ïndicated that children with 

hearing impaîxments were no more likely to have moîhers who smoked during pregnancy 

than those without hearing impairments. 

In the present study, two hdings imply that group performances on the information 

processing measures represent problems other than hearing impairments. First, an 

examination of the tunis toward the stimulus as compared to turns away at the begbing 

of the phases, indicated that both the tobacco-exposed and control infâ.nts turned 

systematicaLly toward the stimuli in all phases. Second, when the novel stirnulus was 

.. * 
introduced following the fbhamation stimulus, the tobacco-exposed and control groups 

recovered responding, Le., both groups changed their response pattern f?om the 

. - familianzation stimulus to the novel stimulus. Specincally, the tobacco-exposed group 

changed their response fiom turning randomly toward and away Çom the f à m h x a  .. . 
tion 

stimulus, to a systematic turning toward the novel stimulus; a simiiar pattern of responding 

was evident in the change f?om the novel to the dishabituation stimulus- If the tobacco- 

exposed k f h t s  could not hear the stimuü these response patterns wouid not be expected. 

Although the data fiom prior studies and the present study appear to indïcate that 

prenatd tobacco-exposure does not have adverse effects on auditory threshold, the 

possibility cannot be ruled out on the basis of such a small number of studies. 



Imr>Iicatio ns 

Recovery to novelty has been dernonstrated to be a sensitive measure for discriminahg 

mong infants at different risk leveb for deveIopmenta1 delay (Zelazo et al., 1989), 

prenatal cocaine exposure (Potter et al., 2000), and prenatal tobacco-exposure (Potter, 

1996). However, orientation, habituation, and recovery to novelty all depend upon intact 

information processing ability. Thus, while recovery to novelty discriminated among the 

high-risk infmts in Zelazo's et al, (1989) study and among infànts premtally exposed to 

cocaine in Potter's et aL (2000) study, it is possible that information processing deficits 

among &ts parentally exposed to tobacco may manifest in a dif5erent response pattern 

While Potter (1996) found that recovery to the dishabituation stimulus was impaired and 

this difference was marginally si-cant in the present study, in both the present study 

and Potter's study, recovery to the est novel stimulus (ie., the noveky phase stimulus) 

was not iduenced by tobacco exposure. It could be argued that recovery to the novelty 

phase stimulus is a more reliable measure than recovery to the dishabituation stimulus 

because most studies employing the idormation processing procedure show a signincant 

decline in positive date by the dishabituation phase. That is, relative to the novelty phase 

stimulus, Mure to recover responding to the dishabituation stimdus is more lücely to be 

due to fatigue and fietflllness. 

In the clinical sample of hi& moderate, and low risk i&ints tested with the 

information processing procedure, deficits in performance were evident fiom the point 

where the novel stimulus was introduced following habituation to the fàmilzanza .. . 
tion 

stimulus (Zelazo et al., 1989). Further, the effects appeared to be cumulative in that the 

infants who faüed to recover responding to the novelty stimulus also were less Likely to 



hab' i te  and recover respondmg to the dishaboition stimdus. A simiIar cumulative 

response pattern was demonstrated among cocaine-exposed &ts by Potter et al. (2000). 

However, the effects observed for tobacco-exposed mfants m Potter (1 996) as weU as the 

present study were not cumulative, rather the performance of the tobacco-exposed infàuts 

was inconsistent across the phases. In the present study, although the tobacco-exposed 

M t s  did not habituate to the fkdkkat ion  and novelty stimuli to the same degree as 

controls, they recovered responding to the novel stimulus and to a lesser degree the 

dishabituation stimulus. Therefore, information processing does not appear to be 

consistently impaired in the tobacco-exposed neonates but is Limited to one or two parts 

of each phase. 

Potter (1 996) suggested that mconsistency m performance rnight not imply 

information processing deficits primarily, but rather indicates deficits in the ability of the 

tobacco-exposed infants to regulate arousal and attention. In order to create an accurate 

mental representation of the stimulus, the infant must be at an appropriate level of arousal 

and attend to the stimulus long enough to process the information (Lécuyer, 1989; Racine 

& Kairiss, 1987). 

A number of investigators have emphasized the importance of arousal level in 

mediaîing responsiveness to stimulation on information processing measures, speciilcdy 

habituationhovelty paradigms (Gardner & Karmel, 1984; Gardner & Turkewitz, 1 982; 

Kaplan, Werner, & Rudy, 1 990). K a p h  and Werner (1 99 1) argue that deficits in 

habituation and recovery to novelty do w t  simply refiect *breakdowns in the creation of 

mental representations, the depth of the processing of the stimuli, or the comparatory 

process between the familirn and novel but rather they are auenced by the infants' 



present level of sensitikation, which they define as a fiuiction of the infants' arousaL The 

theory of Kaplan and coueagues is based upon the dual-process theory, which posits that 

two neural pathways interact to determine the behavioral response of the iufànt during 

repeated encounters with a stimulus. Each stimulus presentation has two eifècts First, it 

generates activity in a specifïc stimulus-response (S-R) pathway m the nervous system and 

this pathway ultimately determines the level of responding to the stimulus. Second, it 

influences the state of the infant, where state refers to the general Ievel of arousal, 

excitation, or tendency to respond m l a n  & Werner, 199 1). The state system feeds back 

onto the S-R pathway and modifies its activity, witb an eventual effect on the behavioral 

response. Two effects are said to occur with the repeated presentation of a stimulus. First, 

there is a build-up of an inbiiÏtory response tendency (habituation) resulting in a smaller 

and smaller output of the S-R pathway. Second, there is a change in the excitatory 

response tendency (sensitizaîion), which fkt  grows m strength and then dissipates over 

thne. Sensitization develops over the course of the initial trials of a stimulus presentation 

and resuIts Ï n  a gradua1 mcrease in the level of responding, sHnilar to that observed among 

the control infants in Figure 1. These two processes, habituation and sensitization, interact 

in each trial to determine the level of responding. Therefore, in normal mtànts, after 

repeated exposure to the stimulus, sensitization diminishes and habituation remnùls, which 

results in a decrease in the level of responding (Kaplan & Werner, 199 1). 

It is possible that among the tobacco-exposed inI'ants, the sensitization process takes 

.. . longer to dissipate, therefore causing delayed habituation to the famzlianzatition and novelty 

stimuli. Kaplan and colleagues propose that the novel stimulus, in addition to exciting a 

dEerent neural network than that excited by the previously habituated stimulus, also 



generates sensitization (Kaplan & Werner, 1991). Thus, increased respondmg to novelty is 

not sïmply a rem of central processing, but a r e d t  of the interaction kîween central 

processing and sensitization. An integral part of the dual process theory is dishabituation 

as defined by Thompson and Spencer (1966; as cited in Kaplan & Werner, 1991). 

Thompson-Spencer dishabituation refers to the renewed response to the original stimulus 

upon its retest during or d e r  the introduction of the novel stimulus. Moreover, increased 

responding to the dishabituation stimulus occurs over and above that observed upon 

.. . 
presentation of the stimulus in the familianzation phase. Accordmg to the dud-process 

theory, Thompson-Spencer dishabituation does not reflect a disraption m the habituation 

process, but rather is indicative of superimposed sensitization. In the present study, the 

tobacco-exposed in$sts' response to the dishabituation stimulus was greater than that 

observed in the fàdïarization phase, providing evidence for the sensitization process. The 

sensitization process rnay &O provide an explanation for the inconsistent response of the 

tobacco-exposed &ts throughout the information-processing procedure. Spec%caIly, 

the tobacco-exposed infants showed deficits in their abilîty to habituate to the stimuli 

presented, but were then able to recover responding to the novel and dishabituation 

stimuli. It is possible that once the sensitization process dissipated, the tobacco-exposed 

h h t s  were then fiee to recover responding to the novelty stimulus. However, the 

repeated presentations of the novelty stimulus created a new sensitization process that 

rnay have taken longer to dissipate in the tobacco-exposed group, thereby inhibiting their 

a b w  to habituate to the noveky stimulus. However, by the time the dishabituation 

stimulus was presented the sensitization process would have dissipated enough to d o w  

for normal processing and thus recovery of responding to the dishabituation stimuIus. 



Further, it is possible that the sensitization processes initiateci by the presentation of the 

.- - 
familianztiun and novelty stimuli interfered with the tobacco-exposed infaritsy a b ' i  to 

orient to the dishabituation stimulus. It is possible that the repeated presentation of the 

e s t  two stimuli caused a state of over arousal among the tobacco-exposed group and 

therefore prevented them firom fidly attending to the dishabituation stimulus. 

Kaplan and Werner (1991) suggest that interpretive probIems arise in the cornparison 

of healthy, full term bfh ts  to infants at risk for developmental deiay. Special populations 

fiequently respond with slower response decrements than do healthy, full-term infmts. 

Kaplan and coUeagues suggest that a slow response decrement rnay be due either to a 

slow buildup of the habituation process (Le., a breakdo wn in the creation of a mental 

representation) or to strong action in the sensitization process, or to some combination of 

the two (Kaplan et al., 1990). Therefore, the inconsistent performance of the tobacco- 

exposed Hifants in the slow rate of response decrement (habituation) could reflect a slow 

rate of undedying encoding, or Ït codd indicate fist encoding with strong semitkition 

(Kaplan & Werner, 1991). However, the evidence fiom the present study seems to be in 

support of the latter. Ifthe performance of the tobacco-exposed group was due to a slow 

rate of underlying encoding or deficits in the creation of a mental representation, then the 

strong recovery response to the novel stimulus would not be expected. However, the 

tobacco-exposed infants did recover responding to novelty, indicating that wHe the 

- .  . 
sensitization process to the fkmdmmtion stimulus may not have dissipated entirely as 

evidenced by the Mure to habituate, the infants were abie to make a distmction between 

the familiar and the novel and recover responding. This recovery to novelty suggests that 

an appropriate mental representation was made. Therefore, it remaïns kely that the 



sensitization process is in some way responsiiIe for the mconsistency in performance of 

the tobacco-exposed idhts.  

If an infant is not at an appropriate level of arousal during the information processing 

procedure, attention to and central processing of the stimulus followed by accurate 

responding would not be expected (Gardner & Karmel, 1984; Karmel& Gardner, 1996). 

Gardner and Karmel(l984) have demonstrated variations in stimulus preference across 

different levels of arousal in hedthy a t s .  Karmel et al, (199 1) demonstrated that infants 

who are swaddled and tested imrnediately &ter feeding (low a r o d  condition) prefer high 

intensity visual stimuli to low intensity stimuli. On the other hand, infants who are tested 

unswaddled immediately prior to feeding (hi& arousal condition) prefer low intensity 

stimuli. Additiody, these effects are not as evident among i d h t s  with CNS injury as 

they are among normal infants (Kamiel et al., 199 1 ), Therefore, disturbances in arousal 

modulation may reflect CNS injury (Karmel et al., 1 99 1 ; Karmel& Gardner, 1996). The 

inconsistent performance of the tobacco-exposed infarits may be a function of changes in 

arousai level throughout the procedure. Therefore, it is possible that prenatal to bacco- 

exposure may negatively affect the development of brain structures that are related to 

a r o d  modulation. 

NeurodevelopmentaI Effect s of Prenatal Nicotine Exposure 

Animal studies have shown that nicotine is a neuroteratogenic agent and disrupts the 

development of several neural networks uivolved in the regulation of attention and arousd 

levels. Prenatal exposure to nicotine increases the number of nicotinic cholinergie 

receptors in several regions of the brain, including the hypothztlamus, hippocampus, and 

various other subcoaical structures (Slotkin et al., 1987) and the h e r  layers of the 



neocortex (Lichtensteiger et ai., 1988; Slotkin et al., 1987). Nicotinic receptors provide 

input to catecholaminergic neural pathways both during fetd developrnent, where they act 

in the modulation and organization of neural development (Lauder, 1983; 1988; as cited in 

Potter, 1996), and postnatdly where they are involved in neurobehavioral hctioning 

through their role in autonomie nervous system impulse transmission (Slotkin et al., 1987). 

Therefore, normal brain development may be compromised early in fetal development, 

with the devebpmentai changes at these early stzges affecthg the course and pattern of 

fihue neutonal development. 

One possible mechanism of nicotine's interference in normal CNS development is fetal 

hypoxia (Naeye, 1992; Cole et aL, 1972). CNS damage produced primarily by hypoxia 

often occurs to subcorticd structures (Fawer et ai., 1983, as cited in Karrnel et al., 1991). 

These structures are in cIose proxïmity to areas or pathways that are involved in the 

processes of attention and arousal (such as the ascending and descendhg pathways of the 

reticular formation). Additionally, behaviors that are thought to involve state organization 

and attention at or shortly following birth are thought to be linked to such subcortical 

structures (Kannel et al., 1991). Karmel et al. (1991) proposed that behavioral problems 

associated with lack of state organization provide evideoce for lowered hctional inte& 

of the CNS. 

Karmel et al. (1991) suggest that prior to two months of age, visual attention is 

predominately controlled by subcortical rnechanism rather than sensory-specifïc visual 

system receptors at the cortical level. Due to the continued development throughout the 

neonatal period of the cortical structures, they propose that an exphnation of visual 

attention through subcortical structures is more parsirnonious. Gardner and Karrnel(1984) 



speculated that the CNS mechanisms mediaihg the arousal x stimulus effects would 

specfically involve at least the actions of the reticular formation on other subcortical 

regions controhg the young ïnhts '  visual behavior. It is posnile that subcoaical 

structures couId be adversely affected by prenatal exposure to tobstcco through the effects 

of fetal hypoxia or by the direct effects of nicotine on the nicotinic receptors. As a remit, it 

is possible that the increased a r o d  levels observed in the performance of the tobacco- 

exposed h f h t s  are due to damage to specifïc fetal CNS structures durimg devebpment, 

caused by prenatal tobacco-exposue. 

Several studies have docurnented small, but measurable decrements m intelligence and 

achievement test scores among children whose mothers smoked cigarettes during 

pregnancy (Butler & Goldstein, 1973; Fried et al., 1992; Fried & WatkÏnson, 1990; Hardy 

& Meliits, 1972; Naeye & Peters, 1984). However, despite these fïnd-ings, it is extremely 

di.fficult, if not impossible, to isolate the direct effects of prenatal to bacco exposure fÏom 

the postnatal environment when studying older children. The neonatal period provides a 

rare opportunity for the investigation of the impact of suspected teratogenic agents, before 

any prenatal effects become intertwined with the postnatal environment. Therefore, it is 

possible that the small, but measurable deficits in intelligence and achievement test scores 

may be evident in deficits in auditory information processing ability in the neonatal period. 

In support of these ffndings, many studies have found that verbal ability is more adversely 

af5ected in tobacco-exposed children than nonverbal ab* (Fried & Watkinson, 1990; 

Naeye & Peters, 2984, Sexton et al-, 1990). This suggests that if deficits in verbal ability 

are related to prenatal tobacco-exposure, then tobacco may selectively impair the auditory 

system. It is possible that ushg the auditory infiormation processing procedure in the 



neonatal period may allow for the assessrnent of the hctions of neural structures 

involved in the development of verbal skills. Whüe it is impossible to know the exact 

Muence of fetal tobacco-exposure on the developing fetal brain, this study partially 

replicates the fidings of Potter (1996) who suggested that prenatal tobacco-exposure 

selectively impairs the development of the newborns' auditory system 

Study Design Issues 

Confoudine; and Intemenina Variables- At initial testing and three-week follow-up 

testing, the infànts of smokers were compared with those of nonsmokers on the 

information processing measures, and a number of potential confounding infant and 

maternal variables were examineci- The two groups were found to be similar in tenns of 

intànt gestational age, age at t&ne of test&, and birthweight. M a t e d  alcohol 

co~lsumption was a control variable and a sllnilar pattern of drinkmg was found for both 

the control and tobacco-exposed groups with about one-third of mothers in each group 

reporthg any alcohol use during pregnancy. However, the tobacco-exposed infants had 

mothers who were younger, had less education and were fiom lower-incorne households. 

To rule out the possibility that variations between groups on the information processing 

measures are a result of factors other than maternal smoking, statisticd control of 

covariates is often regarded as necessary. However, a number of researchers have warned 

agaÏnst 'over-control' of covariates based solely on statisticd differences between groups 

in studies assessing risks associated with maternal smoking (l3aghurst et aL, 1992; Kiely, 

1991; Tong & Michael 1992). It is known that women who smoke give bHth to babies 

with lower birthweights (Mborg & Bodin, 1991), have less education, corne fiom a 

lower SES (Naeye, 1992), and are younger than women who do not smoke (Stewart & 



Streiner, 1996). Kiely (1991) recommends that researchers take care to distmguish 

ktween "interveniug variables" and ccconfounding vanàb~esYy; for example, he States that in 

the "study of the effect of matemal cigarette smoking on perhatal mortaliiy, birthweight is 

an intervening variable and it makes no sense to control for it" (p. 247). Statisticd 

a d m e n t  for group differences on these ifitemenmg variables (variables that are 

associated with smoking), such as birthweight, SES, matemal age, and education, m 

studies Ïnvestigating the iduence of prenatal exposure to tobacco on bfht development, 

would result in partial control of the smoking variable itself (Baghurst, Tong, Woodward, 

& McMichaeI, 1992; Tong & McMichaei, 1992). On the basis of these arguments and 

since SES, materna1 age, and matemal education were not associated with the outcome 

measures, group differences on these measures were not statistidy controlled m the data 

analyses. 

A generally superior alternative to statistical control procedures is matched pair designs 

(Briere & Eliîot, 1993). Subject matchulg procedures provide control over the matching 

variable itselfas well as other factors associated with the chosen variable. For example, 

choosing birthweight as a matching variable allowed for control of some of the potential 

physicai effects associated with lower birthweights that were not measured in the present 

WY- 

Despite subject matchhg on bkthweight, gestational age, and age at time of testmg, it 

is possible that there were other covariates that were not assessed. For example, some 

researchers have reported that in foUow-up studies of children whose mothers smoked 

d u ~ g  pregnancy, materna1 intelligence was related to child outcome (e-g., Baghurst et al., 

1992; Olds, Henderson, & TateIbaum, 1994% 199413). Maternal mtelligence could 



conceivably affect performance on the idormation processing measures through genetic 

influences. However, there is no evidence to suggest tha? matemal smoking is associated 

with lower intelligence (Baghurst et aL, 1992), and as such it is lmlikeIy that this variable 

selectively afEected the tobacco-exposed mfànts. Even so, maternal intelligence was not 

assessed m the present study and the possïbility that the mothers who smoked were of 

lower intelligence than control mothers and that this infhenced infànt performance, cannot 

be rded out, 

One possible confound in the present study is the influence of other drug use during 

pregnancy on the performance of the infants on the information processing procedure in 

either the control or the tobacco-exposed groups. Iliicit clrug use was not assessed in the 

present study due to ethical constilünts imposed by the Ethics Boards involved in the 

study preventing questions regarding illicit cimg use to be asked due to difficulties 

maintahhg codïdentiality ifa mother reported illegaI dmg use. However, the use of illicit 

substances was believed to be low in this population. In the investigation of the effects of 

prenatd cocaine and nicotine exposure on newbom auditory information processing, 

Potter (1996) reported that of a sample of 120 control subjects recruïted fiom an urban 

setting, only 2 reported any rnarijuana/hashish use and none of the mothers reported any 

heroin/cocaine use Althou& it could be assumed that drug use was low in the rural 

setting of the present study, information concerning ilIicit dmg use was not coileeted and 

the possibility of includùig mothers who had used ilticit drugs during pregnancy in either 

the control or tobacco-exposed group cannot be ruled out. 

One vther potentid confounding variable not assessed in the present study was 

maternal caffteine consumption. Jacobson and colleagues (1 984) fomd that maternai 



consumption of cafEeine prior to pregnancy was associated with reduced scores among 

newborns assessed with the NBAS, and caffeine mtake during pregnancy was associated 

with poor neuromuscular development and reflex functioning. Additionally, while prenatal 

tobacco exposure was related to reduced orientation scores, this effect disappeared once 

caffeine intake prior to pregnancy and SES were statkticdy controlled. Naeye (1 992) 

reported that women who smuke reportedly drink more coEee than those who do not 

smoke, raismg the possibility that the mothers who smoked &O consumed more 

caf5einated beverages than the nonsmokers. As a result of these kdings, there is the 

possibiï  that matemal caffeine consumption prior to pregnancy could confoimd the 

information processing results. 

In summary, a number of variabIes were controlled in this study through subject 

matching procedures, the most important variable king birthweight. In an extension of the 

recommendation by KieIy (1 99 1) to treat birthweight as an intervening variable and since 

SES, maternal age, and education were not related to the information processing 

masures, these three variables were treated as intervening variables and were not 

statistically controlled in the data analyses. Although attempts were made to control for 

various poîential confounds, illicit dmg use during pregnancy, matemal intelligence, and 

caEeine consumption were not assessed and it is possible that they, or some other 

unident5ed factors, influenced the results. 

1 dentifkation of M a t e d  Smokers. Maternal smoking was assessed initially through 

self-report and vefied through matemal saliva cotinine analyses. The specincity (percent 

of nonsmokers correctly classifïed) of cotinine analysis used to ver* self-report of 

smoking status during pregnancy was at a comparable level to that reported by Jarvis et al. 



(1987) who found the specifïcity of saha cotinine analysis to be 99%. However, the 

sensitivity (percent of smokers detected) was much lower. Whereas JaMs et al. (1987) 

found sensitivities of 96 %, the results of the present study yielded a sensitivity of only 

66.7%. However, given the short half-lifë of cotinine and the fàct that many of the 

smokers had most iùrely not ingested nicotine withm the past 24 hours or more, it is not 

surprishg that verifkation was Iess accurate among parhirient women compared to the 

general sample used by Jarvis et al. (1987). However, &en this deficiency of the cotinine 

analyses to correctly clas@ smokers in the present shidy, it is possible that some of the 

self-reported nonsmokers may have been misclassifïed and, therefore, the reliability of 

saliva cotinine verincation of smoking status is questionable for use with parninent women 

or more specincally in samples where participants had not smoked recently. 

In the present study, while mothers were asked specifïcally about their smoking status 

throughout pregnancy, such as nurnber of cigarettes srnoked per day and brand of 

cigarettes smoked, one important question, the time since the last cigarette smoked or 

exposure to cigarette smoke, was inadvertently omitted. In the sample used by Jarvis et al. 

(1987), 97% of the self-reported smokers reported smoking on the test day with a mean of 

1.5 hours since last cigarette. Lack of exposure to nicotine during the past day or two may 

have resulted in the discrepant results found in the present study with regard to the 

sensitivity of the saliva cotinine anaiyses. This information would aid in discoverhg ifthe 

CO tinine analysis was perhaps ody accurate for c l a s smg  recent smokers. Ho wever, two 

control subjects who reported exposure to second hand smoke two to six times per week 

tested positive for the presence of cotinine. One could assume that these two mothers had 

not been exposed within the past 24 hours, however, this mformation was not collected. 



Certaïdy, the time fiame of smoking and exposure to second hand smoke should be 

considered m fûture research- 

Reliabilitv of Self-Administered Ouestionnaire versus Face-to-Face Interview. While no 

statistical clifferences were found with regard to reporting chamel, indicating thai mothers 

were as honest Hi both the fàce-to-face interview and questionnaire conditions, given the 

small simple size for the tobacco-exposed group in the questionnaire condition @=9) k n  

conclusions cannot be drawn- However, there was a trend evident that nuis contrary to 

previous research (Patrick et al., 1994); the mothers who self-reported smoking during 

pregnancy were more accurate in the questionnaire condition than in the hce-to-&ce 

interview. Additiomlly, one hundred percent of the nonsmokers were correctly cksified 

in the questionnaire condition with a slightiy d e r  amount classified correctly in the 

fàce-to-fkce interview condition (93 %). Patrick et al. (1 994) suggested that the interview 

condition would be more accurate given the behavioral cues related to smoking, such as 

stanled m e r s  and the odor of smoke evident m an i n t e ~ e w  condition. However, given 

the strong sociai sanctions with regard to smoking during pregnancy, mothers may have 

felt more cornfortable reporting smoking during pregnancy in a confidentid questionnaire 

than admitting such use in a &ce-to-fàce interview. Furthemore, in the sampIe of pregraant 

women mterviewed, many had not had the opportunity to smoke since the birth of their 

child, so the observable cues of smoking behavior may not have been as  obvious and, 

therefore, wodd not have the expected influence. Future research investigating the 

influence of reporting channel with pregnant women would cl* tiiis issue. 



Limitations of the Present Studv- 

AIthough the data clearly Indiate that prenatal tobacco-exposure has an adverse effect 

on niformation processing ability, this study is not without limitations that must be 

considered in evaluating the implications of the kdings. First, although attempts were 

made to control for experimenter bias during the procedure by having the hoMer and 

coder Wear headphones so they could not hear the stÏmulus king played or the direction 

of the sound source, the experimenters were often aware of group membership. This was 

due to the interview cornponent of the study design and the often spontaneous admission 

of smoking status by the mothers at initial presentation of the study. Therefore, it is 

possible that knowledge of the infants' group membership may have influenced the results 

through some means other than awareness of the stimulus and direction of the sound 

source, One possible way this couid happen is ifhead tum were coded more or l e s  often 

among the tobacco-exposed group. However, given that the percentage of head turns was 

the same for both groups across the procedure, this is unlikely. 

Second, while the saliva cotinine analyses were specifïc to nonsmokers, the decreased 

sensitivity (ability to detect smokers) is of concem- While this wouid not be an issue in the 

identification of smokers, since it is believed that due to the strong social sanctions agabut 

smoking during pregnancy, if a mother reported smoking during pregnancy then it was 

unlikely that she was misreporthg such use. However, the decreased sensitivity allows for 

the possibdity that some smokers who reported that they were nonsmokers may have k e n  

included m the control group. However, given that the control group performed in the 

pattern expected for noxmai, healthy hîhts  on the idormation processing procedure and 

that the infànts who were exposed to second hand smoke on a reg& basis were excluded 



fiorn the analyses, it is unlikely that some, ifany, of the nonsmokers were incorrect@ 

classified. 

Despite these Iimitations, it is unlikely that any one of them codd compIeteIy account 

for the observed differences in performance between the tobacco-exposed and control 

bfimts on the Eformation processing procedure. Moreover, it is doubtfûl that the 

limitations outweigh the improvements made over prior studies, including, a) the use of 

the current auditory procedure over the NBAS for assessing information processkg 

ability; b) the use of saliva cotinine analyses in addition to seif-report for determining 

smoking status; c) controhg for a number of potential confomding variables tlrough 

subject matchhg techniques; and d) takùig care to ensure that each i n f i t  was in an alert, 

inactive state prior to beginning the testing procedure. Thus, despite Ïts limitations, a 

number of techniques were employed to incrûase the likelihood that the observed effects 

were related to prenatal tobacco-exposure. 

Conclusion 

Infants born to mothers who smoked cigarettes during pregnancy demonstrated 

deficits in performance on an auditory mformation processing task relative to infants born 

to mothers who did not srnoke during pregnancy. These deficits were in evidence on a 

three-week follow-up test, suggesting that the adverse eEects of prenatal nicotine 

exposure Last beyond the nico the  withdrawal period. The response pattern ~ b s e ~ e d  on 

this task paaially replicated previous research (Potter, 19%). Specifically, infants 

prenatally exposed to nicotine exhi'bited poorer habituation to the f zmihrimtion stimulus, 

recovered respondmg to the novelty stimulus and demonstrated poorer responding to the 

dishabituation stimulus. 



The contml over important potenMy confoundmg factors, the use of cotmme analyses 

to identify in.fànts bom to mothers who smoked during pregnancy, and the addition of the 

three-week follow-up test, mcreased the likelihood that the observed deficits were a direct 

result of prenatal tobacco exposure rather than other factors. It is hypothesized that 

prenatal exposure to nicotine Qisrupts the normal development of the CNS structures 

hvolved in the modulation of arousal and attentionai processes and possibly those 

hvolved in the processing of auditory stimulation Deficits m arousal and attention would 

have adverse effects on leamhg ability, and may eventually result in reduced scores on 

standardized tests Iater m childhood. Whatever the mechanism may bey it is possible that 

the Hnpainnents in auditory information processing O bserved in the to bacco-expo sed 

neonates are reiated to the subsequent decrements in cognitive ability and achievement test 

scores observed by a numkr of researchers later in childhood. 
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Appendix A 

Statement of Znfonned Consent 



Study Title: Newbom Information Processing 

Dr. Susan Potter Debbie JO hnson Leanne Campbell 
Department ofPsychology Department o f f  sychology Nurse Manager 
Acadia University Acadia University Obstetrics & Pediatrics Unit 
Woifide, NS Wolfirille, NS 150 Exhi'bition Street 
BOP 1x0 BOP 1x0 KentvilIe, NS 

B4N SE3 

INTRODUCTION & PURPOSE OF STWDY: The purpose of this study is to gain an 
understanding of how newbom babies respond to sounds. Babies whose mothers smoked 
cigarettes during pregnancy and/or were exposed to second hand smoke and babies bom 
to mothers who did not smoke during prepnitncy will be studied in order to determine if 
exposure to tobacco affects the way babies respond to sounds. 

WEI0 CAN PARTICIPATE IN THIS STUDY: You can participate in this study ifyou 
experienced a healthy pregnancy and bkth and are able to recall approlemately how rnuch 
you smoked during pre-cy, ifyou smoked at all. 

STUDY PROCEDURES: Ifyou agree to participate in this study, a researcher wül ask 
you to respond to a series of questions folIowing the biah of your baby at the Valley 
Regional Hospital. These questions wiU include generai background information questions 
such as your age and level of education. These will be followed by questions conceming 
smoking during pregnancy, such as how many cigarettes per day you usually smoked, 
whether you quit or cut d o m  and whether you were exposed to second hand smoke. We 
will also be asking questions conceming your present newbom and pregnancy, 
medications received during labour and delivery, and alco ho1 consumption during this 
pregnancy. A researcher wodd, with your permission, access your hospita1 chart to get 
information about any medications you received during Iabour and d e h e w  You wiu then 
be asked to provide a saliva sarnple to test for the amount of nicotine exposure you 
experienced during the past few days. 

Babies will be tested for information processing ability at the Vailey Regional Hospital in a 
room on the postpartum ward, pnor to &charge. To ensure an alert and inactive state for 
test*, some of your baby's nahiral reflexes wiU be elicited M. The baby will be held by 
a researcher and will b e n  to words played through speakers at a normal speaking 
volume. Your baby's head turning in response to the sound will be noted. This procedure 
wiU take approximately 15 minutes. 

It is possible that the effects of withdrawai fiom nicotine can explain the way newborn 
+ts who have been exposed to tobacco respond to sounds. To d e t e d e  ifnicotine 
witfidrawal affects babies' head-turning responses, we will retest your baby at 



approlamately three weeks of age. This test will be identicd to the one conducted at the 
hospitaL With your permission, a researcher wiil contact you shortly d e r  you r e m  home 
fi0111 the hospital and arrange a tmK for your baby to be tested. If you prefer, the 
researcher wiU brïng the testing apparatus to your home and test your baby there. This test 
wiU also take approlrimately 15 minutes. 

RJSKS AND DISCOMFORTS: There is a potential for discodort as some of the 
questions concern sensitive matenal regarding substance use during pregrmcy. 

POSSIBLE BENEFITS: Participating in this study will not bene& you or your baby 
directly, but your participation may provide information that will help researchers, in the 
fbture, identitj. gestationai smokers and Iearn about the effects of smoking during 
pregoancy on the baby. 

PARTICIPANTS RLGETS: You are under no obligation to participate in this study, and 
whether or not you agree to participate will in no way affect your care. If you do choose 
to participate, you may, at any time, end you participation in this study. You have the 
right, at any t h e ,  to r e k  to answer any question. 

COMPENSATION: There will be no costs or compensation to you for participating in 
this study. 

CONFIDENTIALltTY: Neither you nor your infiint will be identified as a study 
participant in any reports or publications of this research. Neither your name nor your 
infant's name d appear on any interview information forms or saliva samples. These wiIl 
be identified by code number only. Your records wiil be kept M a locked file cabmet. Only 
the staninvolved in the research wiU see them. AU information you provide will be held in 
confidence. 

QUESTIONS OR PROBLEMS: You have the right to ask questions about this study at 
any time. If you have any questions about the study, please contact: 

Dr. Susan Potter (902) 585 - 1220 

Debbie Johnson (902) 423 - 8050 

Leanne Campbell (902) 678 - 7381 ext. 3055 

You may also contact the Acadia University Research and Graduate Studies office at 
(902) 585 - 1498 for information about participating in this study fkom an outside source. 

1 have read and understood this informed consent. 1 agree to participate and give 
permission for my baby to participate in this research study. 1 give my permission for my 
saliva sample to be analyzed for exposure to nicotine and for the researcher to access my 
hospital chart for information concerning medications I received durMg labour and 



delivery. 1 am wdhg to be contacted by telephone after 1 leave the hospital so 
arrangements c m  be made for the second testmg. 1 have been &en the opportunity to ask 
questions and ail of my questions have been answered. 1 ackmwledge that a copy of this 
consent form has k e n  given to me. 

Signature o f  participant Printed name of participant Date o f  Signature 

- - -- 

Phone number of participant 

Signature of person Printed name of person Date of signature 
obtaining consent obtaining consent 

Would you like to receive a copy of the results of this research? Yes No 



Appendix B 

Debriefing Procedure 



Debriehg Procedure 

- - 
Foliowing adniinistration of the questionnaire and collection of the saka sample the 
researcher wilI speak witfi the participant and explain that one of the fàctors that rnay 
increase the accuracy of mothers' reports is the way the report is given, The researcher 
will explain that there is some research that says that a fàce-to-face i n t e ~ e w  wiU provide 
more accurate reports than a s e l f - W e r e d  questionnaire. The participant will be 
informed that they were randody selected to be in either the face-to-fàce interview 
condition or the self-admini,ctered questionnaire condition. The researcher will explah the 
need to keep this hypothesis nom the participant so as not to influence their responses. 





Newborn Information Processing 
A Research Study Conducted at the Valley Regional Hospital 

in Association with Acadia University 
Study # 
Date 

General Information Demographics 

1) How old are you? 

2) Marital Status: 

3) Occupation: 

4) Occupation of baby's Father: 

5) Last year of education completed: 

6) Last year of education completed by baby's Father: 

7) Income Scale (ckcle one that best desmis  the total income of the household): 

a) Iess than $10,000 e) $40,001 - $50,000 
b) $10,000 - $20,000 f) $50,001 - $60, OOOC 
C) $20,001 - $30,000 g) $60,001 - $70,000 
d) $30,001 - $40,000 h) Over $70,000 

The following questions concem your present newbom and pregnancy: 

9) Date of biah of b t :  

1 1) Number of hours in labour: 

12) Type of Delivery: 
a) spontaneous vaginal 
b) forceps 
c) Caesarean section 
d) Induced labour 



13) If caesarean section or induced labour, what was the reason? 

14) What pain medications, ifany, did you receive during labour? 

15) How much weight did you gain dinring your pregnancy? 

16) Were you examined by a doctor during your pregnancy? 

1 7) If yes, how O ften did you see a doctor? 

18) Did you s a e r  any illnesses during your pregnancy? 

19) If yes, please descrii. 

20) What was the estimated date of delivery: 
Calculated from the fkst day of your last m e n s t d  period? 
CafcuJated by ultrasound? 

The following questions concem smoking during your pregmmcy as well as exponire to 
second hand smoke. 

21) Have you ever smoked cigarettes? 
(If no, go to question #30) 

22) Just before you found out you were pregnant were you smoking cigarettes? 

23) If yes, how rnany cigarettes did you smoke each day? 

24) During this pregnancy have you smoked? (If no, go to question #30) 

25) During the first trimester, about how many cigarettes per day did you smoke? 

26) During the second trimester, about how many cigarettes per day did you smoke? 

27) How many cigarettes per day are you smoking now? 

28) What brand of cigarettes do you usually smo ke? 
(Brand name, light, king size, etc.) 

29) Did you change the brand you smoke during this pregnancy? 

If yes, when did you change? 
What change did you make? 



30) Were you exposed to second-hand smoke drrring your pregnancy? 

If yes, how ofien? Every Day 
2 - 6 times per week 
Once a week 
Once a month 

The following questions concern alcohol consumption during pregnancy. 

3 1) During this pregnancy, when was the last time you drank alcoholic beverages? 
Within the last week 
1 week to 1 month ago 
1 month to 3 months ago 
More than 3 months ago 

a) What did you diink on that occasion? 
Beer 
Wme 
Hard @or 
Liqueurs 

b) How much did you drink on that occasion? 
One drink 
2to4drinks 
5 or more drinks 

32) During th& pregnancy, what is the most you drank at one the? 
One dnnk 
2to4drinks 
5 or more drinks 

33) If  you drank alcohol during this pregnancy, please describe how much and how often 
you drank during: 

a) the fïrst 3 months 

b) the second 3 months 

c) the last 3 months 

Thank you for your participation. 



Appendk D 

Sample Scoring Sheet 





Bi  .& 
G' 3.00 - - - 20-76 1 O N o N o  
r ToacrQ 3.00 - - 7.88 1 O Ya No 

T e  c \ m y e e n \ b . a a v  L 3.00 - 7.86 1 O N o N o  
T e  c\my--~ L 3.00 - - 5.75 1 O Ya NO 

9.00 - - W.41 




