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Introduction

Cigarette smoking is responsible for more than 91% of all lung 
cancers in men and over 69% of lung cancers in women.1 Smoking 
significantly increases the risk of coronary heart disease, stroke, 
and chronic obstructive lung diseases,2 though many of these risks 
are not equally distributed among all racial and ethnic groups. For 
example, despite smoking fewer cigarettes per day, Black smok-
ers have among the highest rates of smoking-related diseases and 
mortality.3 Additionally, Black smokers have a harder time quitting 
smoking4 despite not experiencing elevated acute withdrawal symp-
toms.5 The reasons for these disparities remain unclear, but they sug-
gest that the severity and manifestation of nicotine dependence may 
differ by race,6 illustrating a need for studies which examine racial/

ethnic differences in dependence to elucidate possible mechanisms 
responsible for smoking-related health disparities.

There is increasing evidence that the time to the first cigarette of 
the day (TTFC) may be one of the best overall indicators of nico-
tine dependence7 and risk for a number of adverse smoking-related 
health outcomes. An early TTFC is associated with increased nico-
tine intake (as measured by cotinine), tobacco carcinogen exposure, 
cessation failure, and cancer risk in both adolescent and adult smok-
ers.8–12 Indeed, those who smoke within 30 min of waking have a 
59% increased risk of developing head and neck cancers and a 79% 
increased risk of developing lung cancer than those who wait an hour 
after waking to smoke their first cigarette.13,14 Likewise, those who 
smoke within 5 min of waking may have greater difficulty quitting 
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than those who wait at least 6 min after waking to smoke.8,15 It has 
been suggested that TTFC may be the single item that accounts for 
the majority of the predictive value of the Fagerstrom test of nicotine 
dependence.16,17 Unfortunately, whereas some of these studies were 
conducted using representative samples with a range of races, most 
have not examined these results by race/ethnicity and there remains 
a great deal to learn about how TTFC may vary among groups of 
smokers.

It has been hypothesized that TTFC may reflect the intensity 
with which an individual smokes each cigarette; increased smoke 
volume per cigarette may lead to increased overall nicotine uptake 
and greater exposure to tobacco-specific carcinogens.14 However, 
this behavior may vary by age or other aspects of smoking, par-
ticularly in young adult smokers. Compared to adults, young adults 
are in the early stages of establishing life-long patterns of smoking, 
and as such, tend to have a shorter smoking history, smoke fewer 
cigarettes per day, and are less likely to inhale when they smoke.18–20 
Additionally, a limited body of research suggests that there may be 
important racial and ethnic differences in TTFC among smokers. For 
example, one study found that adult Black smokers are significantly 
more likely to smoke within 10 min of waking compared to Whites.21 
Others have suggested that there may be a strong race by TTFC 
interaction which influences quit attempts.22 Another study found 
that whereas TTFC may not differ between adult Black and White 
smokers, there may be a different relation between TTFC, nicotine 
intake, and carcinogen exposure between these groups of smokers.23 
To date, there have been no examinations of difference in time to 
first cigarette of the day among multiple racial groups of adolescent 
smokers. Given that smoking prevalence rates, cigarettes per day, 
and types of cigarettes smoked differ between smokers of different 
races, increased research into key smoking behaviors such as TTFC 
may be important in understanding the disparities in cessation suc-
cess and health outcomes between racial groups.

The current study describes ethnic/racial differences in TTFC in 
a nationally representative sample of adolescents and explores how 
a number of key indicators related to smoking behavior—including 
years of smoking, number of days smoked in the last 30, number 
of cigarettes smoked per day, and income—predict smoking within 
5 min or within 30 min of waking among a population of young 
adult smokers.

Methods

Participants
The current study was conducted using data from Wave III of the 
National Longitudinal Study of Adolescent Health (ADD Health), a 
nationally representative sample of adolescents originally recruited 
in 1994–1995. Wave III data were collected in 2001 and 2002 when 
the sample was an average of 21.86 years old (SD = 1.76). Wave III, 
but not Wave I and Wave II, data included an item on TTFC. All data 
were collected from participants during in-home interviews con-
ducted by research staff. A total of 1,425 participants (50.3% male) 
who reported having smoked cigarettes in the previous 30 days were 
included in the analyses. The sample was comprised of 85 Hispanic 
(6%), 1,019 White (72%), 201 Black (14%), 67 Native American 
(5%), and 63 Asian (4%) participants.

Measures
During the in-home interviews, all consenting participants answered 
questions regarding their birth dates (from which age at the time of 

interview was calculated), racial identity, and tobacco use, including: 
(a) whether or not they had ever smoked regularly (defined as smok-
ing at least one cigarette per day for 30 days), (b) the age at which 
they started smoking regularly (defined as smoking at least one ciga-
rette a day for 30 days), (c) the number of days in the previous 30 on 
which they smoked cigarettes, (d) the average number of cigarettes 
they smoked per day in the previous 30, (e) how soon after wak-
ing they smoke their first cigarette of the day, and (f) total personal 
income for the previous year. For the logistic regression models, 
income was divided into quartiles to allow for categorical examina-
tion in the models. The time to first cigarette of the day was assessed 
using four categories: (a) within 5 min of waking, (b) between 6 and 
30 min of waking, (c) between 31 and 60 min of waking, and (d) 61 
or more minutes after waking. For the logistic regression analyses, 
we recoded TTFC as: (a) smoking within 5 min of waking (versus 
> 6 min after waking), and (b) smoking within 30 min of waking 
(versus > 31 min after waking). We examined these two categories of 
TTFC as evidence suggests that these are the two categories of TTFC 
associated with the greatest risk factors.

Statistical Analyses
Univariate statistics included means and standard deviations. Initial 
differences between gender and racial groups were examined using 
t test, chi-square, and analysis of variance (ANOVA) analyses. Next, 
a series of logistic regression analyses examined predictors of smok-
ing within 5 min of waking and then examined predictors of smok-
ing within 30 min of waking. Each logistic regression entered five 
predictors, each of which is strongly associated with cigarette use 
and dependence: (a) gender, (b) personal income, (c) years smok-
ing (calculated as the current age minus age started smoking regu-
larly), (d) days smoked in the last 30, and (e) average cigarettes per 
day. To best explore differences between races, each model was run 
separately for each racial group (i.e., Hispanic, White, Black, Native 
American, and Asian). Given the large number of logistic regressions 
conducted, we controlled for Type I error using the false discovery 
rate (FDR) method described by Benjamini and Hochberg24. In con-
trast to methods those are designed to control for any false positive 
(e.g., Bonferroni methods), the FDR method controls for the propor-
tion of false positives that could be expected given the total number 
of tests. The FDR method has the advantage of increased power, 
efficiency, and less risk of Type II errors than the Bonferroni proce-
dure. All results in the present study display FDR corrected p values.

Results

Study participants had smoked an average of 5.2 (±2.7) years, 
smoked on an average of 24 (± 9.9) days in the last 30, and smoked 
an average of 11.4 (±9.7) cigarettes per day. See Table  1 for full 
descriptive statistics by racial group. Initial t test analyses showed no 
significant gender differences in smoking variables among Hispanic, 
Black, Native American, or Asian participants. Among White smok-
ers, males were significantly more likely than females to smoke more 
cigarettes per day, t(1,116) = 5.184, p < .001, smoke on more days in 
the last 30, t(1,118) = 2.29, p = .02, and smoke sooner after waking, 
t(1,098) = −2.41, p = .02.

One-way, between-subjects ANOVA with Tukey’s post-hoc test-
ing showed that White smokers were significantly more likely to 
start smoking regularly at a younger age than Black smokers (mean 
difference [MD] = −1.35, SE =  .18), F(4,1545) = 15.14, p < .001. 
Black participants smoked on fewer days in the last 30 than White 
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(MD = −6.03, SE = .69), Native American (MD = −7.12, SE = 1.30) 
and Asian smokers (MD = −4.82, SE = 1.36), F(4,1586) = 21.30, p 
< .001. Similarly, Black participants smoked fewer average number 
of cigarettes per day than White (MD = −4.74, SE = .70) and Native 
American smokers (MD = −4.84, SE = 1.30), F(4,1573) = 16.70, p 
< .001.White smokers were also more likely to have been smok-
ing significantly longer than Black smokers, (MD = 1.23, SE = .20), 
F(4,1545) = 10.84, p < .001.

Black smokers were significantly more likely to smoke within 
5 min of waking than White X2(1, N  = 1,207) = 11.35, p  =  .001, 
Hispanic X2(1, N = 280) = 19.96, p < .001 and Asian smokers X2(1, 
N = 250) = 7.86, p =  .005. Similarly, across all time values Black 
smokers had a significantly earlier time to first cigarette overall 
than Hispanic (MD = −.90, SE = .15, p < .001), White (MD = −.33, 
SE = .09, p < .001), and Asian smokers (MD = −.70, SE = .17, p < 
.001), F(4,1420) = 14.61, p < .001.

Race-specific logistic regression models predicting smoking 
within 5 min of waking were significant for Hispanic, χ2(4) = 10.05, 
p < .04, White, χ2(4)  =  99.27, p < .001, and Black smokers, 
χ2(4) = 17.76, p = .001. Results found that lower personal income 
predicted smoking within 5 min of waking for both White (B = .01, 
SE = .01, Wald = 4.38, p = .03) and Black smokers (B = .01, SE = .01, 
Wald = 6.31, p = .01). For White smokers, increased number of cig-
arettes per day (B  =  .09, SE  =  .01, Wald  =  43.62, p < .001) and 
increased years of smoking (B = .08, SE = .04, Wald = 4.65, p = .03) 
also predicted smoking within 5 min of waking. See Table 2 for full 
results.

Race-specific logistic regression models predicting smoking 
within 30 min of waking were significant for Hispanic, χ2(5) = 19.50, 
p  =  .002, White, χ2(5)  =  232.55, p < .000, Black, χ2(5)  =  14.60, 
p  =  .02, and Asian smokers, χ2(5) = 13.36, p  =  .02. For Hispanic 
smokers, a greater number of cigarettes per day predicted smoking 
within 30 min of waking, (B = .10, SE = .05, Wald = 5.49, p = .02). 
For White smokers, number of days smoking in the last 30 (B = .05, 
SE  =  .01, Wald  =  18.04, p < .001), cigarettes per day (B  =  .11, 
SE =  .01, Wald = 73.57, p < .001), and number of years smoking 
(B  =  .09, SE  =  .03, Wald  =  47.24, p < .001) all predicted smok-
ing within 30 min of waking. Despite a significant overall model fit 
for Black and Asian smokers, there were no significant predictors of 
smoking within 30 min of waking.

Discussion

The current study shows substantial racial differences in the time 
to first cigarette among young smokers in a nationally representa-
tive sample. Overall, Black participants were significantly more 
likely to have an overall earlier time to first cigarette and to smoke 
within 5 min of waking than White smokers, despite smoking fewer 
cigarettes per day and on fewer days in the last 30. Results also 
demonstrate that smoking within 5 min of waking was predicted 
by increasing cigarettes per day and number of years smoking 
for White smokers only. Lower personal income predicted smok-
ing within 5 min of waking among both White and Black smok-
ers. Smoking within 30 min was predicted by number of cigarettes 
per day and number of years smoking among White smokers. For 
Hispanic smokers, the number of cigarettes per day predicted smok-
ing within 30 min of waking. However, among Black smokers none 
of the included variables reliably predicted smoking within 30 min of 
waking. Overall, the findings suggest that among young Black smok-
ers cigarettes per day or number of days smoked do not predict the Ta
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time to first cigarette of the day; rather, personal income is the only 
variable to emerge as a reliable predictor of smoking within 5 min 
of waking. This may suggest that traditional measures of nicotine 
dependence such as cigarettes per day—a critical component of the 
Fagerström test for nicotine dependence—may not be reliable pre-
dictors of dependence or risk among young Black smokers.

Studies of racial differences in TTFC among adult smokers 
have reported mixed findings. For example, using alternative cut-
offs (e.g., 10 or 30 min) or self-reported minutes, some studies have 
found adult Black smokers have an earlier TTFC than Whites.21,25,26 
Yet other studies have found no differences between adult Black and 
White smokers in time to first cigarette measures.23,27,28 However, no 
studies have examined TTFC between racial groups among a popu-
lation sample of young adult smokers.

Naturally, any investigation of racial differences in smoking 
behaviors should make note of racial difference in preference for 
mentholated cigarettes. Indeed, the role of mentholated cigarettes 
has been discussed as a potential mediator of racial differences in 
nicotine intake.25 Studies have found that menthol use is associated 
with an earlier time to first cigarette,29,30 whereas others have found 
menthol use may be associated with a later time to first cigarette.31 
Black adults are predominantly menthol smokers, and it remains 
uncertain whether any racial differences or lack of racial differences 
in TTFC in young smokers could be attributed to menthol, which is 
more likely to be a starter product among White and youth smok-
ers.32 The ADD Health data did not collect information on cigarette 
mentholation. Previous research suggests that TTFC is predictive of 
higher levels of nicotine uptake, as measured by cotinine levels, in 
young smokers—independent of the number of cigarettes per day.9 
The results of the present study show that young Black smokers are 

more likely to smoke within 5 min of waking than Hispanic, White, 
or Asian smokers. This may indicate that they are smoking their cig-
arettes more intensely, therefore increasing the likelihood of higher 
levels of addiction and risk exposure.

Recent research has suggested there are important racial differ-
ences in rates of nicotine metabolism among adolescent smokers. 
Specifically, it has been demonstrated that White adolescents have 
faster rates of nicotine metabolism than Black and Asian smokers, 
and that Hispanic adolescents have similar metabolisms as Whites.33 
In adult populations, differences in rates of nicotine metabolism are 
believed to underlie differential rates of smoking, smoking behav-
iors, addiction and cessation success. In adolescent populations, 
slower metabolism has been linked with increased smoking.33 It 
is possible that the differences in time to first cigarette by race are 
related to racial differences in nicotine metabolism; this is certainly 
an area that warrants further investigation.

Sensitivity to cost as well as the social acceptance of smoking may 
also explain racial differences in TTFC. There has been a substantial 
decline in smoking rates among Black youths since 1976. Indeed, 
daily smoking prevalence rates were similar for Whites, Blacks, and 
Hispanics in 1976 ranging from 23% to 28%. In 2008, the rate for 
White adolescent daily smokers was about 14% and had declined 
to 6% in Blacks. This decline was largely attributed to changes in 
attitudes and perceptions of smoking and price sensitivity.34 Given 
that well over half of Black individuals over the age of 12 have tried 
smoking at least once in their lifetime,35 it is possible that changes 
in attitudes and perceptions have resulted in lower rates of smoking 
amongst Black youth. Further it is possible that changes in econom-
ics could mean that only those Black youth most susceptible to nico-
tine addiction become regular smokers whereas White and Asian 

Table 2. Logistic Regression Predicting Smoking Within 5 min of Waking

B SE Wald OR p value

White Gender −.01 .17 .01 .98 .93

Personal incomea 8.56 .03
  Below 25% .52 .24 4.70 1.68 .03
  Below 50% .64 .24 6.65 1.90 .01
  Below 75% .39 .22 3.14 1.48 .07
Years smoking .10 .03 9.52 1.10 .002
Days smoking last 30b 5.68 .05
  Infrequent (1–14 days) .54 .37 2.20 1.73 .13
  Intermittent (15–27 days) −1.14 .48 5.63 .31 .02
Cigarettes per dayc 50.75 .00
  Light smoker (1–10 cpd) −1.62 .22 50.74 .19 .00
  Moderate smoker (11–20 cpd) −.69 .25 7.19 .50 .007

Black Gender .41 .34 1.41 1.51 .23
Personal incomea 9.59 .02
  Below 25% .75 .38 3.87 2.12 .04
  Below 50% 1.24 .45 7.50 3.46 .006
  Below 75% −.95 .62 2.34 .38 .12
Years smoking .09 .06 2.05 1.09 .15
Days smoking last 30b 5.42 .06
  Infrequent (1–14 days) −.14 .42 .10 .86 .74
  Intermittent (15–27 days) −1.02 .50 4.06 .35 .05
Cigarettes per dayc 3.48 .17
  Light smoker (1–10 cpd) −.31 .42 .56 .72 .45
  Moderate smoker (11–20 cpd) .980 .69 1.99 2.66 .15

Note. aCompared to above 75th group.
bCompared to regular smokers (28–30 days) group.
cCompared to heavy smoker (> 21 cpd) group.
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youth smokers tend to have more disposable income. There are little 
data on time trends in time to first cigarette, and fewer still in youth 
smoking populations. The present study highlights the potential role 
that economic factors may play in young adult smoking patterns: 
both White and Black smokers with the lowest income were more 
likely to smoke sooner after waking as compared to higher income 
smokers. In the case of Black smokers, the combination of smok-
ing fewer days in the month, smoking fewer cigarette per day, but 
smoking sooner after waking—especially among the lower income 
smokers—may reflect that each cigarette is being smoked in a “cost 
efficient” manner: more frequent puffs, more puffs per cigarette, and 
greater inhalation per puff; all smoking behaviors thought to be 
reflected by earlier TTFC. It is possible that smoking in this manner 
may result in greater cotinine exposure, resulting in higher depend-
ence—and therefore, in an earlier time to first cigarette.

The present study should be evaluated in light of its limitations. 
Particularly, some of the models—especially those for Hispanic, Native 
American, and Asian smokers—may have lacked power given the rel-
atively small sample sizes. Nevertheless, results of the present study 

highlight a measure of increased nicotine and carcinogen exposure that 
differs significantly by racial group in a sample of young adult smokers.

Understanding the time to first cigarette of the day among young 
smokers has important implications for assessing dependence and 
treatment outcomes. In addition, the TTFC is also a potential predictor 
of smoking progression from onset to full addiction in adults. Although 
young adult smoking patterns are not as stable as those of adult smok-
ers, the first several years of smoking in young adults establishes a life-
long pattern of smoking.36,37 The TTFC may be a unique dimension 
of smoking that explains lifelong dependence patterns. TTFC predicts 
adult quit success and daily quit attempts in smokers ages 18–30.38 
An early TTFC in young smokers also predicts less successful quit 
attempts.11 The results presented here demonstrate racial differences in 
TTFC and differences in factors that are associated with TTFC.
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Table 3. Logistic Regression Predicting Smoking Within 30 min of Waking

B SE Wald OR p value

Hispanic Gender −.16 .61 .07 .85 .79

Personal incomea 4.76 .19
  Below 25% 1.26 .89 1.98 3.54 .15
  Below 50% .31 .84 .14 1.37 .70
  Below 75% 1.16 .73 2.51 3.18 .11
Years smoking .20 .11 3.63 1.23 .05
Days smoking last 30b 1.80 .40
  Infrequent (1–14 days) .22 .92 .05 1.25 .80
  Intermittent (15–27 days) −1.55 1.17 1.73 .21 .18
Cigarettes per dayc 8.01 .01
  Light smoker (1–10 cpd) −.90 .74 1.45 .40 .22
  Moderate smoker (11–20 cpd) 1.95 1.28 2.31 7.03 .12

White Gender .15 .14 1.14 1.16 .28
Personal incomea 5.17 .15
  Below 25% .31 .18 2.86 1.36 .09
  Below 50% −.03 .19 .02 .96 .87
  Below 75% .25 .18 1.95 1.29 .16
Years smoking .09 .02 10.39 1.09 .001
Days smoking last 30b 33.99 .00
  Infrequent (1–14 days) −.47 .27 3.08 .62 .07
  Intermittent (15–27 days) −1.21 .27 19.20 .29 .00
Cigarettes per dayc 115.89 .00
  Light smoker (1–10 cpd) −1.67 .17 87.32 .18 .00
  Moderate smoker (11–20 cpd) −.17 .27 .38 .84 .53

Black Gender .15 .30 .24 1.16 .61
Personal incomea 8.22 .05
  Below 25% .87 .35 6.07 2.38 .01
  Below 50% .37 .37 1.00 1.46 .31
  Below 75% −.62 .44 2.01 .53 .15
Years smoking .05 .06 .91 1.05 .33
Days smoking last 30b 6.92 .06
  Infrequent (1–14 days) −.39 .34 1.34 .67 .24
  Intermittent (15–27 days) −.80 .39 4.08 .44 .04
Cigarettes per dayc 5.01 .08
  Light smoker (1–10 cpd) −.36 .40 .81 .69 .36
  Moderate smoker (11–20 cpd) 1.37 .68 4.01 3.93 .05

Note. aCompared to above 75th group.
bCompared to regular smokers (28–30 days) group.
cCompared to heavy smoker (>21 cpd) group.
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