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Abstract: The consequences of starting smoking by age 18 are significant. Early smoking
initiation is associated with higher tobacco dependence, increased difficulty in smoking
cessation and more negative health outcomes. The purpose of this study is to examine how
closely smoking initiation in a well-defined population of American Indians (AI) resembles
a group of Non-Hispanic white (NHW) populations born over an 80 year period. We
obtained data on age of smoking initiation among 7,073 AIs who were members of 13
tribes in Arizona, Oklahoma and North and South Dakota from the 1988 Strong Heart
Study (SHS) and the 2001 Strong Heart Family Study (SHFS) and 19,747 NHW
participants in the 2003 National Health Interview Survey. The participants were born as
early as 1904 and as late as 1985. We classified participants according to birth cohort by
decade, sex, and for AIs, according to location. We estimated the cumulative incidence of
smoking initiation by age 18 in each sex and birth cohort group in both AIs and NHWs and
used Cox regression to estimate hazard ratios for the association of birth cohort, sex and
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region with the age at smoking initiation. We found that the cumulative incidence of
smoking initiation by age 18 was higher in males than females in all SHS regions and in
NHWs (p < 0.001). Our results show regional variation of age of initiation significant in
the SHS (p < 0.001). Our data showed that not all AIs (in this sample) showed similar
trends toward increased earlier smoking. For instance, Oklahoma SHS male participants
born in the 1980s initiated smoking before age 18 less often than those born before 1920
by a ratio of 0.7. The results showed significant variation in age of initiation across sex,
birth cohort, and location. Our preliminary analyses suggest that AI smoking trends are not
uniform across region or gender but are likely shaped by local context. If tobacco
prevention and control programs depend in part on addressing the origin of AI smoking it
may be helpful to increase the awareness in regional differences.
Keywords: Indians; North American; smoking; age of Initiation; cigarette use; health
disparities

1. Introduction
The prevalence of cigarette smoking among American Indians (AI) is among the highest of all
ethnic groups in the U.S. [1,2], and if current trends continue, it is estimated that two in every five AIs
will die from tobacco related illness [3]. According to the U.S. Surgeon General, 88% of all first time
cigarette use occurs before age 18 and 99% by 26 [4]. The national estimate for AI smoking is 42% in
males and 38% in females, which is double that of non-Hispanic whites (NHWs) [5]. Although the
prevalence of AI smoking is high, smoking rates vary dramatically by tribe and reservation, with
estimates as high as 73% among the Northern Plains [6]. Substantial evidence has established that
smoking rates have declined among the general population since the early 1980s, though the decrease
appears to be less dramatic among AIs [4,7].
A host of reasons may explain the high smoking rates among AIs, including traditional use of
tobacco, socioeconomic disparities, discrimination, historical trauma, geographic location, and tobacco
product sales being a key component of tribal economies [8–12]. There is limited data on the age of
smoking initiation among AIs, but the available evidence suggests that AI youth are at particularly
high risk for early cigarette smoking compared to other ethnic groups [13–17].
Cigarette smoking typically begins during adolescence and the earlier age of initiation portends
persistent smoking, higher nicotine addiction, and less success with smoking cessation [18–21]. In
more recent decades AIs, like NHWs, are beginning to smoke at an earlier age [17,22–24]. However,
age of initiation is not consistent across AI communities, reflecting a complex pattern wherein age of
initiation varies by region and gender [17]. For example, AI females living in the Southwest are less
likely to initiate smoking by age 18 compared to their male counterparts while, in the Northern Plains,
the age of initiation is similar between males and females [17].
The primary aim of this study is to determine if age of smoking initiation among groups of AIs has
changed over time; and to compare age of smoking initiation in an AI sample with a population-based
sample of NHWs. By taking an approach that is historical and within the context of NHW smoking
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initiation trends, we are able to assemble the most comprehensive portrait of AIs trends in smoking
initiation and their changes through the 20th century. This study offers new information as to the
smoking initiation trends in a group of AIs and how gender and location may relate to cigarettes use in
AI communities.
2. Methods
2.1. Sample
The Strong Heart Study (SHS) is the largest epidemiologic investigation of cardiovascular disease
in AI communities ever conducted. It was initiated in 1988 to measure risk factors for cardiovascular
disease in 4,549 AIs who were members of 13 tribes in Arizona, Oklahoma and North and South
Dakota. Referred to as Phase I, the 1988 study was followed by the Strong Heart Family Study (SHFS)
or Phase IV in 2001. This phase extended the original cohort study to include 94 families and 3,776
family members. For the present analysis we used data from the first Phase of data collection for each
cohort: Phase I for the original cohort and Phase IV for the family study cohort. The dataset included
adult participants born as early as 1904 and as recent as 1985, allowing us to have a sample of wide
age ranges and a well-defined sample of smoking initiation in AI living in these regions.
The National Health Interview Survey (NHIS) collects self-reported information on health and risk
factors by telephone interview based on a random probability sample of the U.S. population.
The NHIS uses a complex sampling design that when weighted appropriately produces estimates that
can be generalized to the U.S. population. For birth cohort comparability to the SHS, we used
person-level data from 30,852 adults interviewed in the 2003 NHIS. We restricted analyses to 19,747
NHW participants in the 2003 NHIS with complete data for smoking history. It was not possible to
discern the specific geographic location of the NHIS participants beyond broad census regions.
2.2. Measures: Smoking Status and Age of Initiation
The SHS classified smoking status among participants based on asking participants about their
experience with tobacco smoking. In Phase I, ever-smoking status was assessed by asking “Have you
smoked at least 100 cigarettes in your entire life?” In Phase IV, ever-smoking status was assessed by
asking “During your lifetime have you smoked 100 cigarettes or more total?” Response options for
both questions included “Yes” or “No.”.
In both Phases I and IV, the age of smoking initiation was asked of those who indicated they had
smoked at least 100 cigarettes in their lifetime. In Phase I, age of initiation was measured with “How
old were you when you first started smoking cigarettes fairly regularly?” In Phase IV, age of initiation
was measured with “How old were you when you first started smoking regularly?” Participants
responded to both questions with numerical age.
The NHIS questionnaire asked participants, “Have you smoked at least 100 cigarettes in your entire
life?” Participants who responded “Yes” were also asked “How old were you when you first started to
smoke fairly regularly?” Birth year was calculated from age and interview year (2003).
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2.3. Analysis
All SHS analyses were stratified according to region: Arizona, Oklahoma, and the Dakotas.
A descriptive analysis was performed for all variables, examining mean and standard deviation for
continuous variables and percent for categorical variables. We plotted the cumulative incidence of
smoking initiation by age 18 years according to age of initiation overall and stratified by sex.
The log-rank test was used to compare the cumulative smoking initiation curves according to age in
the three SHS regions and across sex within each region.
We assessed the association between age of smoking initiation and birth cohort by examining the
proportion of participants who initiated smoking by age 18 for eight birth cohorts. Age 18 is used as
the cutoff here because it has been shown as a significant discriminant for early smoking [25,26].
Smoking onset certainly occurs after age 18, but it is understood as leading to a lower nicotine
dependency and is treated differently in the literature [19,24,27]. The birth cohorts were divided by
decade to include pre-1920, 1920–1929, 1930–1939, 1940–1949, 1950–1959, 1960–1969, 1970–1979,
and 1980–1985. We used binary logistic regression to conduct a test for a monotonic increasing trend
in proportion of participants who initiated smoking by age 18 according to birth cohort. The outcome
variable was an indicator of smoking initiation by age 18 years and the independent variable was
ordered birth cohort. Finally, we used Cox proportional hazards regression modeling to examine the
influence of birth cohort on rate of smoking initiation by age 18. Birth cohort was included in the
model using dummy variables, with the oldest birth cohort, pre-1920s, serving as the reference. We
also fit a Cox regression model that included a single ordered birth cohort variable to test for a
monotonic trend in the hazard ratio for smoking initiation by age 18 according to birth cohort. Results
are presented as hazard ratios with 95% confidence intervals that show the precision of the estimate for
each birth cohort. The test for trend examines if there is a monotonic increase or decrease in the hazard
ratios across all cohorts. Models that included an interaction term for birth cohort and sex also were fit
to formally test if the age of smoking initiation differed in males and females across birth cohorts.
Using the 2003 NHIS data on age at smoking initiation we generated comparable birth cohort and
sex-specific analyses in the NHW population. The NHIS analyses used the appropriate sampling
weights to obtain population estimates. However, because of the differences in sampling design we did
not formally perform statistical tests directly comparing SHS and NHIS results.
All analyses were performed using IBM SPSS Statistics version 20 and a significance level of
0.05 was considered the threshold for statistical significance.
3. Results
SHS participants included more females than males and nearly half of all participants were born
between 1930 and 1949 (Table 1). Education varied between regions with Oklahoma having the
greater level of high school graduates (75.1%) than other areas. The percent who initiated smoking by
age 18 differed across the regions with the highest percent found in the Dakotas (50.1%), followed by
Arizona (40.8%) and Oklahoma (38.2%). When compared to AI from the SHS, a larger portion of
NHWs belonged to more recent birth cohorts. High School graduation rates were higher among NHW
than AI and a smaller proportion started smoking regularly by age 18 (32.9%).
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Table 1. Participant characteristics from the Strong Heart Study (SHS) and the 2003
National Health Interview Survey (NHIS).

Variable

American Indians
SHS-AZ
SHS-OK SHS-N/SD
(n = 2,343) (n = 2,327) (n = 2,403)
48 (0.3)
51 (0.3)
49 (0.3)

Non-Hispanic whites
NHIS
(n = 19,747) *
47 (0.2)

Age, mean years (SE)
Birth cohort, %
1910s and before
3
5
4
1920–1929
14
17
15
1930–1939
24
24
26
1940–1949
23
23
22
1950–1959
9
10
8
1960–1969
11
11
11
1970–1979
11
8
10
1980–1985
6
3
5
Female, %
63
58
58
High school graduate, %
41
75
60
Smoker by age 18 years, %
41
38
50
AZ = Arizona, OK = Oklahoma, N/SD = North/South Dakota, SE = standard error.
sample size.

3
8
10
15
20
19
16
9
52
88
33
*: Unweighted

Figure 1 shows the cumulative incidence of smoking initiation by age 18 was highest in the Dakotas
and lowest in NHWs. A cumulative incidence shows the proportion of a population who experience an
event (initiate smoking) over a specified period of time (ages 6 to 18). The incidence curves for age of
initiation were significantly different in the three SHS regions (p < 0.001). The cumulative incidence
of smoking initiation by age 18 was higher in males than females in all SHS regions and in NHWs
(Figure 2, all p < 0.001). Table 2 shows the association between smoking initiation by age 18 and birth
cohort according to sex. Arizona and Dakota male SHS participants demonstrated no consistent trend
in the proportion initiating smoking by 18 according to birth cohort (p = 0.17 and 0.68, respectively).
Among SHS participants in Oklahoma and among NHW, males appear to be initiating smoking by age
18 less frequently in more recent birth cohorts (p = 0.05 and <0.001, respectively). Conversely, in both
the SHS sample and NHW sample the percent of females initiating smoking by 18 has increased in
more recent birth cohorts (all p < 0.001). Female SHS participants from the Dakota regions had the
largest absolute change, rising from 28.1% in those born before 1920 to 72.1% in the 1980–1985 birth
cohort. NHW females had the lowest absolute change, increasing from 12.0% in the earliest birth
cohort to 31.0% in the most recent cohort.
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Figure 1. Cumulative incidence of smoking initiation across ages 6 to 18 years in
American Indians from the Strong Heart Study (SHS) and non-Hispanic whites from the
National Health Interview Survey (NHIS). AZ = Arizona, OK = Oklahoma,
N/SD = North/South Dakota.

Table 2. Percent of Strong Heart Study (SHS) and National Health Interview Survey
(NHIS) participants with smoking initiation age 18 years or younger according to sex.

Birth cohort
Males
Before 1920
1920–1929
1930–1939
1940–1949
1950–1959
1960–1969
1970–1979
1980–1985
ptrend
Females
Before 1920
1920–1929
1930–1939
1940–1949
1950–1959
1960–1969
1970–1979
1980–1985
ptrend

American Indians
SHS-AZ
SHS-OK
SHS-N/SD
% (95% CI) % (95% CI) % (95% CI)

Non-Hispanic whites
NHIS
% (95% CI)

50 (24–76)
61 (52–70)
65 (59–72)
63 (57–69)
67 (57–77)
63 (53–72)
56 (46–66)
49 (35–63)
0.17

52 (37–68)
57 (49–65)
44 (38–51)
51 (45–58)
52 (41–63)
34 (25–44)
47 (36–58)
48 (31–64)
0.05

50 (31–69)
50 (43–58)
62 (56–67)
63 (57–69)
51 (39–64)
46 (36–56)
50 (40–59)
67 (54–79)
0.68

32 (26–39)
48 (44–53)
45 (42–49)
45 (42–48)
38 (36–41)
31 (29–34)
34 (31–37)
29 (25–33)
<0.001

12 (2–22)
13 (9–17)
20 (16–24)
29 (24–34)
35 (26–43)
40 (32–47)
39 (31–47)
33 (23–43)
<0.001

14 (5–23)
20 (15–25)
20 (15–24)
36 (30–41)
30 (23–38)
41 (33–49)
38 (29–48)
43 (26–59)
<0.001

28 (16–40)
33 (27–40)
37 (32–42)
42 (37–48)
51 (42–60)
53 (45–60)
55 (46–63)
72 (61–84)
<0.001

12 (9–16)
19 (16–21)
23 (21–26)
27 (25–30)
31 (29–33)
33 (31–36)
33 (31–36)
31 (27–35)
<0.001

AZ = Arizona, OK = Oklahoma, N/SD = North/South Dakota.
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Figure 2. Cumulative incidence of smoking initiation across ages 6 to 18 years in American Indians from the Strong Heart Study and
non-Hispanic whites from the National Health Interview Survey, stratified by sex.

(a) Strong Heart Study—Arizona field site

(b) Strong Heart Study—Oklahoma field site

(c) Strong Heart Study—Dakotas field site

(d) National Health Interview Survey—Non-Hispanic Whites
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Hazard ratios for the association of birth cohort with the age of smoking initiation by sex and region
are shown in Table 3. Male SHS participants from the Dakotas appear to initiate smoking at similar
ages across the birth cohorts. This differs from SHS male and female participants in Arizona and
Oklahoma, and NHW males in more recent birth cohorts, who were initiating smoking at a later age
compared to those born in earlier birth cohorts. For example, SHS participants from the Oklahoma
region in the 1980–85 birth cohort were 0.7 times as likely to initiate at a younger age compared to
those born prior to 1920 (HR = 0.7, 95% CI = 0.4–1.3). This association was marginally significant for
SHS participants from Arizona (p = 0.06) and reached statistical significance for SHS participants of
the Oklahoma region and NHW males (p = 0.02 and <0.001, respectively). Conversely, both SHS
participants and NHW females were initiating smoking at an earlier age in more recent birth cohorts
compared to those born in older birth cohorts (all p < 0.001). For example, SHS female participants
from the Dakotas in the 1980–85 birth cohort were almost four times as likely to initiate smoking at a
younger age compared to those born prior to 1920 (HR = 3.9, 95% CI = 2.2–6.9). Similarly, NHW
females in the 1980–1985 birth cohort were three times as likely to initiate smoking at a younger age
compared to those born prior to 1920 (HR = 3.0, 95% CI = 2.1–4.2).
Table 3. Hazard ratios (HRs) for smoking initiation by age 18 years or younger according
to sex in Strong Heart Study (SHS) and National Health Interview Survey (NHIS) participants.

Birth cohort
Males
Before 1920
1920–1929
1930–1939
1940–1949
1950–1959
1960–1969
1970–1979
1980–1985
ptrend
Females
Before 1920
1920–1929
1930–1939
1940–1949
1950–1959
1960–1969
1970–1979
1980–1985
ptrend

American Indians
SHS-AZ
SHS-OK
SHS-N/SD
HR (95% CI) HR (95% CI) HR (95% CI)

Non-Hispanic whites
NHIS
HR (95% CI)

1.0
1.1 (0.6–2.2)
1.3 (0.7–2.6)
1.2 (0.6–2.4)
1.4 (0.7–2.8)
1.1 (0.6–2.2)
0.9 (0.5–1.9)
0.8 (0.4–1.7)
0.06

1.0
1.0 (0.6–1.6)
0.7 (0.5–1.2)
0.9 (0.6–1.4)
0.9 (0.5–1.5)
0.5 (0.3–0.9)
0.8 (0.4–1.3)
0.7 (0.4–1.3)
0.02

1.0
1.0 (0.6–1.8)
1.3 (0.8–2.3)
1.4 (0.8–2.4)
1.1 (0.6–2.0)
0.9 (0.5–1.6)
1.1 (0.6–1.9)
1.6 (0.9–2.9)
0.96

1.0
1.6 (1.2–2.1)
1.5 (1.1–2.1)
1.5 (1.1–2.0)
1.2 (0.9–1.6)
0.9 (0.7–1.3)
1.1 (0.8–1.4)
0.9 (0.6–1.2)
<0.001

1.0
1.1 (0.4–3.0)
1.8 (0.7–4.4)
2.9 (1.2–7.1)
3.6 (1.4–9.0)
4.0 (1.6–10.0)
3.9 (1.6–9.8)
3.3 (1.3–8.5)
<0.001

1.0
1.5 (0.7–3.0)
1.5 (0.7–2.9)
3.0 (1.5–6.0)
2.5 (1.2–5.0)
3.5 (1.7–7.0)
3.2 (1.6–6.6)
3.6 (1.6–8.0)
<0.001

1.0
1.3 (0.7–2.2)
1.4 (0.8–2.4)
1.7 (1.0–2.8)
2.1 (1.2–3.6)
2.3 (1.3–3.9 )
2.6 (1.5–4.4)
3.9 (2.2–6.9)
<0.001

1.0
1.6 (1.1–2.3)
2.0 (1.4–2.9)
2.5 (1.8–3.5)
2.9 (2.1–4.0)
3.2 (2.3–4.5)
3.3 (2.4–4.5)
3.0 (2.1–4.2)
<0.001

AZ = Arizona, OK = Oklahoma, SD = South Dakota.
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4. Discussion
We found that the incidence of smoking initiation by age 18 years among a well-defined and
geographically diverse sample of AIs varies by sex, birth cohort and geographic region. Overall, the
proportion of AI females from this sample who initiate smoking by age 18 has significantly increased,
while there has been little change or even a slight decrease in the proportion for males. By the end of
the 20th century, the incidence of smoking initiation by age 18 appears to be similar for both female
and male AI from this sample.
This apparent decrease in age of smoking initiation for all AI female SHS participants is a cause for
concern. Early age of smoking initiation is a risk factor for persistent smoking beyond adolescence,
and smoking cessation is more challenging among those who start smoking earlier. Our study indicates
that women participants from the SHS mirror the national shift in women’s smoking habits over time
to a younger age of initiation. The causes are complex, but are likely in part the result of greater
economic independence of women [28,29] and societal change in substance use by women [30].
In particular, an alteration in gender norms led to the increase in female smoking over the later 20th
century [30]. The women’s liberation movement in the 1960s and 70s, along with greater economic
independence, were subverted by the tobacco companies to present an idealized version of the modern
woman as a smoker [31,32]. The iconic Virginia Slims tobacco advertisements, symbolized by the
theme, “You’ve come a long way, baby,” presented images of an independent, healthy and upwardly
mobile woman who naturally would smoke a stylish cigarette [33]. Figure 3 is an example this
marketing campaign aimed toward women in this period where Virginia Slims incorporates AI themes
into women’s empowerment and declares that the brand “remembers one of many societies where the
women stood head and shoulders above the men.” These ads sought to capitalize on women’s
increasing empowerment. Our findings suggest that AI females of that generation were not immune to
social shifts during this period.
Another possible explanation for the increase in women’s smoking over the 20th century is the
development of filtered cigarettes. It was not until the 1950s when filters were added to widely
marketed cigarettes; by the 1960s, filtered cigarettes dominated the market with the perception that
they provided a “healthier” alternative to unfiltered varieties [34]. Women adopted filtered cigarettes
before men [30], which may indicate that women’s taste and self-image, even pre-women’s
empowerment, were less compatible with older forms of tobacco consumption such as pipes, cigars
and smokeless tobacco [35]. The addition of filters also may explain the sharply gendered division
around these older forms of tobacco that still persists today.
We confirm the previous findings by Nez Henderson et al. that AIs in the Dakotas have high rates
of smoking initiation by age 18. Previous studies on AI smoking in the Dakotas using a slightly
different definition of smoking initiation showed no difference in smoking initiation across gender [17];
however, we observed that males were more likely to initiate by age 18 compared to females. Our
Dakotas findings were also very similar to the NHW results among the earliest birth cohorts.
This might reflect the concentrated ceremonial use of tobacco among tribes in the Northern Plains that
dates back centuries [36,37]. Though ceremonial uses of tobacco vary by tribe and practice, tobacco
has had a longstanding presence in this region. The high traditional use of tobacco in the region was
relatively constant through the 20th century and offers insight into the persistently high rates in the

Int. J. Environ. Res. Public Health 2013, 10

1756

Dakotas over this period. Paradoxically, the cultural remoteness that insulated Arizonan females from
early smoking, may have sustained the more prevalent traditional tobacco use among the Dakota that
contributed to the increase in early smoking and helped it persist.
Figure 3. Virginia Slims’ advertisement in Vogue magazine in 1985 depicting a
professionally dressed woman smoking next to traditionally (and stereotypically) dressed
American Indian women stacked as a totem pole while engaged in various tasks.

Initiating tobacco use by 18 years of age gradually declined among male SHS participants from
Oklahoma across the decades. Why this occurred is not entirely clear. One possible reason is income.
Oklahoma AI appear to have higher levels of socio-economic status group when compared to AI
populations in other regions [38]. Higher socioeconomic status is negatively associated with adult
smoking [39–42] and would reduce the smoking rates of children of the better-off [43]. Greater
frequency of high school completion among Oklahoma SHS participants throughout the 20th century
may have contributed to the decline in early male initiation through the influence of parental smoking
behavior. Since higher educational attainment reduces the risk of smoking by adults, [44–46] and
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parental smoking status in turn influences children’s rates [47–49], it is possible that the greater
frequency of completing high school among Oklahoma SHS participants reduced parental smoking.
This subsequently could have led to a lower likelihood of smoking among their children. In Native
communities, this pattern is replicated among those with greater education, such as Oklahoma AIs,
smoking at lesser rates than poorer members of the group [50]. Though not assessed in the SHS study,
parental and family smoking status among participants deserves closer examination as it is understood
as being a determinant of smoking risks [49]. Another explanation may lie in the observation that the
Oklahoma population had the highest high school completion rate compared to the other SHS centers.
At first glance, the percentage of high school graduates of each population might seem unrelated to
early smoking, as most people younger than 18 years of age would not yet be high school graduates.
However, multiple studies confirm that dropping out of high school increases the risk of smoking as
well as other forms of substance abuse [44–46]. Participating in after-school programs and achieving
high grade point averages—two characteristics only possible when enrolled in high school—protect
against early smoking [44,46]. Time spent completing a high school diploma could have allowed more
Oklahoma SHS male participants to participate in extracurricular activities such as athletic programs
that reduce the likelihood those adolescents start smoking.
Attitudes toward tobacco use also may have contributed to the changes in early initiation rates for
SHS participants from the Oklahoma region. Comparing from a sample of AI residing in Oklahoma
revealed attitudes comparable with those of the general US population, one study found an overlap in
beliefs around the health consequences of using tobacco between the two groups. Attitudes toward
tobacco’s addictiveness and dangers are known to influence smoking behaviors [51,52]. Similar
attitudes between Oklahoma SHS participants and the general population about smoking would be an
additional explanation for why age of initiation among the former is closer to that of NHWs than the
SHS participants from other regions.
The local ecology of tobacco sales and regulation on tribal land also may play a role in the changing
patterns of tobacco use initiation. In 1976, the United States Supreme Court confirmed that Indian
tribes enjoy a unique tax status that exempts cigarette sales to tribal members on reservation lands
from state taxation. Cigarettes sold to non-members are subject to state taxation [53]. The Supreme
Court, however, constrained state officials from entering tribal member-owned or tribal governmentowned cigarette retail facilities to seize cigarettes sold absent remittance of state taxes [54].
Consequently, non-tribal members purchase tribally sold cigarettes at a cheaper price, tribal revenues
increase and the retail outlets, known as “smoke shops,” provide much needed jobs on the reservation.
The presence of low-cost cigarettes is particularly hazardous to younger smokers as “pack price” is one
of the greatest determinants of use [55]. The less regulated tobacco environment allows the tobacco
industry to have a high presence at AI rodeos and pow-wows whereby AIs were continually exposed to
cigarette advertisements. The unanticipated consequences are that reservations are awash in
inexpensive cigarettes and saturated by advertisements promoting positive images of tobacco use,
the combination of which encourages early initiation of smoking [56].
There are limitations to our data and measures of smoking initiation among the SHS participants.
We restricted our analysis to smoking by age 18, which misses later onset smoking. The description of
AI smoking trends is therefore limited and based only on the sample attained from the SHS. It is noted
here that there are over 550 distinct AI tribes in the United States with many cultural, linguistic and
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geographical differences, though despite these distinctions earlier smoking is understood as being a
common source of the more pernicious forms of cigarette dependence for AIs [19,24,27]. The precise
definition of what constitutes a “regular smoker” is an unresolved question in the literature [57,58].
A different criterion may have produced different results. We used retrospective recall for age of
smoking initiation that, for most of our participants, occurred decades ago. Previous work with other
population samples has demonstrated that this method is accurate, but there are no studies of
retrospective recall for age of smoking initiation among AIs [45,59]. A similar measurement challenge
applies to determining when an individual “becomes” a smoker [60,61]. Some studies equate age at
initiation with the first cigarette, whereas others use the first sustained period of smoking. Tobacco is
smoked and used in non-smoking ways by AI communities in rituals and ceremonies, which may
further complicate this issue. However the SHS attempted to carefully distinguish between commercial
and ceremonial use in identifying a regular smoker.
Other factors than those available through the SHS are potentially related to the initiation of
smoking. Examples include family history of smoking, extent of smoking among one’s peers,
personality attributes (e.g., sensation-seeking), and adolescent psychological factors (e.g., anxiety,
hostility) [46,48,62,63]. Finally, we were most interested in the overall trend for age of smoking
initiation across all birth cohorts; however, focus on the overall trend may miss deviations that occur in
the intermediate birth cohorts. Despite these limitations, the size of the SHS sample, and its geographic
scope, do offer a good preliminary opportunity to describe changes in smoking behavior in a distinct
group of AIs in comparison with NHWs.
5. Conclusions
The historical perspective that this study offers may enable us to better understand the social and
policy changes that could impact smoking initiation trends. Smoking continues to be a major public
health problem and foreshadows serious tobacco-related morbidities and mortality. Recent work
suggests a number of promising interventions for altering smoking patterns and stopping or delaying
the onset of smoking [64–66]; application of these techniques needs to be considered in accordance
with the age, gender, regional, and cultural variation evident in these findings. If adolescent smoking is
not reduced, all populations including AI will further be burdened by the costs associated with chronic
tobacco related impairments. This health crisis created by tobacco use has the potential to offset the
social, political and economic gains many of AI communities have recently experienced [67].
We strongly urge further research in this area especially that which promises greater insight into the
historical, economic, and policy forces at play.
Acknowledgments
This study is based in research that was supported by the Native Elder Research Center, a joint
institute directed in collaboration by the University of Colorado, Denver and the University of
Washington, Seattle. The Collaborative to Improve Native Cancer Outcomes and Native People for
Cancer Control provided financial support for this study. The authors would like to also acknowledge
the valuable comments from staff and affiliates at the Native Elder Research Center in refining this
article to its present form.

Int. J. Environ. Res. Public Health 2013, 10

1759

References
1.

2.
3.

4.
5.
6.
7.

8.

9.
10.

11.
12.
13.

14.
15.
16.

Bachman, J.G.; Wallace, J.M.; O’Malley, P.M.; Johnston, L.D.; Kurth, C.L.; Neighbors, H.W.
Racial/Ethnic differences in smoking, drinking, and illicit drug use among American high school
seniors, 1976–89. Am. J. Publ. Health. 1991, 81, 372–377.
Centers for Disease Control and Prevention. Vital Signs: Current Cigarette Smoking Among Audlts
Aged ≥18 Years—United States, 2005–2010; MMWR: Atlanta, GA, USA; 2011; pp. 1207–1212.
Choi, W.S.; Faseru, B.; Beebe, L.A.; Greiner, A.K.; Yeh, H.W.; Shireman, T.I.; Talawyma, M.;
Cully, L.; Kaur, B.; Daley, C.M. Culturally-tailored smoking cessation for American Indians:
Study protocol for a randomized controlled trial. Trials 2011, 12, 1–10.
U.S. Public Health Service. Preventing Tobacco Use Among Youth and Young Adults: A Report of
the Surgeon General; U.S. Department of Health and Human Services: Atlanta, GA, USA, 2012.
Centers for Disease Control and Prevention. Cigarette Smoking among Adults—United States
1998; MMWR: Atlanta, GA, USA; 2000; Vol. 49, pp. 881–884.
Geishirt Cantrell, B.A.; Hodge, F.S.; Struthers, R.; Decora, L.H. The high incidence of cigarette
smoking among American Indians of the Northern Plains. J. Cancer Educ. 2005, 20, 97–100.
Broome, C.V.; Marks, J.; Bales, V.; Eriksen, M. Tobacco Use among U.S. Racial/Ethnic Minority
Groups, African Americans, American Indians and Alaska Natives, Asian Americans and Pacific
Islanders, Hispanics: A Report of the Surgeon General; U.S. Department of Health and Human
Services: Washington, DC, USA, 1998.
D’Silva, J.; Schillo, B.A.; Sandman, N.R.; Leonard, T.L.; Boyle, R.G. Evaluation of a tailored
approach for tobacco dependence treatment for American Indians. Am. J. Health Promot. 2011,
25, S66–S69.
Kahende, J.W.; Malarcher, A.M.; Teplinskaya, A.; Asman, K.J. Quit attempt correlates among
smokers by race/ethnicity. Int. J. Environ. Res. Public Health 2011, 8, 3871–3888.
Lemstra, M.; Mackenbach, J.; Neudorf, C.; Nannapaneni, U.; Kunst, A. Daily smoking in
Saskatoon: The independent effect of income and cultural status. C. J. Public Health 2009, 100,
51–54.
Treiber, J. Developing culturally competent evaluation tools with tobacco control program
practitioners. Health Promot. Pract. 2011, 12, 673–680.
Pego, C.M.; Hill, R.F.; Solomon, G.W.; Chisholm, R.M.; Ivey, S.E. Tobacco, culture, and health
among American Indians: A historical review. Am. Indian Cult. Res. J. 1995, 19, 143–164.
Federman, E.B.; Costello, E.J.; Angold, A.; Farmer, E.M.; Erkanli, A. Development of substance
use and psychiatric comorbidity in an epidemiologic study of white and American Indian young
adolescents the Great Smoky Mountains Study. Drug Alcohol Depend. 1997, 44, 69–78.
Beauvais, F.; Thurman, P.J.; Burnside, M.; Plested, B. Prevalence of American Indian adolescent
tobacco use: 1993–2004. Subst. Use Misuse 2007, 42, 591–601.
Forster, J.L.; Brokenleg, I.; Rhodes, K.L.; Lamont, G.R.; Poupart, J. Cigarette smoking among
American Indian youth in Minneapolis-St. Paul. Am. J. Prev. Med. 2008, 35, S449–S456.
LeMaster, P.L.; Connell, C.M.; Mitchell, C.M.; Manson, S.M. Tobacco use among American
Indian adolescents: Protective and risk factors. J. Adolescent Health 2002, 30, 426–432.

Int. J. Environ. Res. Public Health 2013, 10

1760

17. Nez Henderson, P.; Kanekar, S.; Wen, Y.; Buchwald, D.; Goldberg, J.; Choi, W.; Okuyemi, K.S.;
Ahluwalia, J.; Henderson, J.A. Patterns of cigarette smoking initiation in two culturally distinct
American Indian tribes. Am. J. Publ. Health. 2009, 99, 2020–2025.
18. Park, S.; Lee, J.Y.; Song, T.M.; Cho, S.I. Age-associated changes in nicotine dependence. Publ.
Health 2012, 126, 482–489.
19. Duncan, A.E.; Lessov-Schlaggar, C.N.; Sartor, C.E.; Bucholz, K.K. Differences in time to onset
of smoking and nicotine dependence by race/ethnicity in a Midwestern sample of adolescents and
young adults from a high risk family study. Drug Alcohol Depend. 2012, 125, 140–145.
20. O’Loughlin, J.; DiFranza, J.; Tyndale, R.F.; Meshefedjian, G.; McMillan-Davey, E.; Clarke, P.B.;
Hanley, J.; Paradis, G. Nicotine-dependence symptoms are associated with smoking frequency in
adolescents. Am. J. Prev. Med. 2003, 25, 219–225.
21. Freedman, K.S.; Nelson, N.M.; Feldman, L.L. Smoking initiation among young adults in the
United States and Canada, 1998–2010: A systematic review. Prev. Chronic Dis. 2012, 9, E05,
doi: http://dx.doi.org/10.5888/pcd9.110037.
22. Eichner, J.E.; Cravatt, K.; Beebe, L.A.; Blevins, K.S.; Stoddart, M.L.; Bursac, Z.; Yeh, F.; Lee, E.T.;
Moore, W.E. Tobacco use among American Indians in Oklahoma: An epidemiologic view. Public
Health Rep. 2005, 120, 192–199.
23. Williams, D.; Mohammed, S. Discrimination and racial disparities in health: Evidence and needed
research. J. Behav. Med. 2008, 32, 20–47.
24. Van De Ven, M.O.; Greenwood, P.A.; Engels, R.C.; Olsson, C.A.; Patton, G.C. Patterns of
adolescent smoking and later nicotine dependence in young adults: A 10-year prospective study.
Publ. Health. 2010, 124, 65–70.
25. Rose, J.S.; Dierker, L.C.; Donny, E. Nicotine dependence symptoms among recent onset
adolescent smokers. Drug Alcohol Depend. 2010, 106, 126–132.
26. Rose, J.S.; Lee, C.T.; Dierker, L.C.; Selya, A.S.; Mermelstein, R.J. Adolescent nicotine
dependence symptom profiles and risk for future daily smoking. Addict. Behav. 2012, 37, 1093–1100.
27. Branstetter, S.A.; Horn, K.; Dino, G.; Zhang, J. Beyond quitting: Predictors of teen smoking
cessation, reduction and acceleration following a school-based intervention. Drug Alcohol
Depend. 2009, 99, 160–168.
28. Hitchman, S.C.; Fong, G.T. Gender empowerment and female-to-male smoking prevalence ratios.
Bull. World Health Organ. 2011, 89, 195–202.
29. National Clearinghouse for Smoking and Health. Use of Tobacco: Practices, Attitudes,
Knowledge, and Beliefs, United States, Fall 1964 and Spring 1966; U.S. Department of Health
Education, and Welfare: Washington, DC, USA, 1969.
30. Waldron, I. Patterns and causes of gender differences in Smoking. Soc. Sci. Med. 1991, 32, 989–1005.
31. Ernster, V.L. Mixed messages for women. A social history of cigarette smoking and advertising.
New York State J. Med. 1985, 85, 335–340.
32. Howe, H. Advertising and Women’s Changing Smoking Habits: A Historical Perspective.
In Proceedings of Fifth World Conference on Smoking and Health; Winnipeg, Canada,
10–15 July 1983.
33. Toll, B.A.; Ling, P.M. The Virginia Slims identity crisis: An inside look at tobacco industry
marketing to women. Tob. Control 2005, 14, 172–180.

Int. J. Environ. Res. Public Health 2013, 10

1761

34. Charlton, A.; Wald, N.; Kiryluk, S.; Darby, S.; Doll, R.; Pike, M.; Peto, R. U.K. Smoking
Statistics; Oxford University Press: Oxford, UK, 1988; Vol. 8.
35. O’Keefe, A.M.; Pollay, R.W. Deadly targeting of women in promoting cigarettes. J. Am. Med.
Womens Assoc. 1996, 51, 67–69.
36. Hodge, F.S.; Struthers, R. Persistent smoking among northern plains Indians: Lenient attitudes,
low harm value, and partiality toward cigarette smoking. J. Cult. Divers. 2006, 13, 181–185.
37. Schissel, C. Traditional Tobacco Use in Plains Indian Societies. Canadian Cancer Society,
Alberta, N.W.T. Division: Calgary, Canada, 1994.
38. Ogunwole, S.U. We the People: American Indians and Alaska Natives in the United States. U.S.
Census Bureau: Washington, DC, USA, 2006.
39. Kim, Y.N.; Cho, Y.G.; Kim, C.H.; Kang, J.H.; Park, H.A.; Kim, K.W.; Hur, Y.I.; Lee, S.H.;
Na, Y.M.; Park, N.Y. Socioeconomic indicators associated with initiation and cessation of
smoking among women in Seoul. Korean J. Fam. Med. 2012, 33, 1–8.
40. Nagelhout, G.E.; de Korte-de Boer, D.; Kunst, A.E.; van der Meer, R.M.; de Vries, H.;
van Gelder, B.M.; Willemsen, M.C. Trends in socioeconomic inequalities in smoking prevalence,
consumption, initiation, and cessation between 2001 and 2008 in the Netherlands. Findings from a
national population survey. BMC Publ. Health. 2012, 12, 303, doi:10.1186/1471-2458-12-303.
41. Giskes, K.; Kunst, A.E.; Benach, J.; Borrell, C.; Costa, G.; Dahl, E.; Dalstra, J.A.; Federico, B.;
Helmert, U.; Judge, K.; et al. Trends in smoking behaviour between 1985 and 2000 in nine
European countries by education. J. Epidemiol. Community Health 2005, 59, 395–401.
42. Hosseinpoor, A.R.; Parker, L.A.; Tursan d’Espaignet, E.; Chatterji, S. Socioeconomic inequality
in smoking in low-income and middle-income countries: Results from the world health survey.
PLos One 2012, 7, e42843, doi:10.1371/journal.pone.0042843.
43. Peretti-Watel, P.; Seror, V.; Constance, J.; Beck, F. Poverty as a smoking trap. Int. J. Drug Policy
2009, 20, 230–236.
44. Simantov, E.; Schoen, C.; Klein, J.D. Health-compromising behaviors: Why do adolescents
smoke or drink?: Identifying underlying risk and protective factors. Arch. Pediatr. Adolesc. Med.
2000, 154, 1025–1033.
45. Stanton, W.R.; McClelland, M.; Elwood, C.; Ferry, D.; Silva, P.A. Prevalence, reliability and bias
of adolescents’ reports of smoking and quitting. Addiction 1996, 91, 1705–1714.
46. Ellickson, P.L.; Tucker, J.S.; Klein, D.J. High-risk behaviors associated with early smoking:
Results from a 5-year follow-up. J. Adolesc. Health 2001, 28, 465–473.
47. Bricker, J.B.; Peterson, A.V., Jr.; Leroux, B.G.; Andersen, M.R.; Rajan, K.B.; Sarason, I.G.
Prospective prediction of children’s smoking transitions: role of parents’ and older siblings’
smoking. Addiction 2006, 101, 128–136.
48. Bricker, J.B.; Peterson, A.V.; Robyn Andersen, M.; Leroux, B.G.; Bharat Rajan, K.; Sarason, I.G.
Close friends’, parents’, and older siblings’ smoking: Reevaluating their influence on children’s
smoking. Nicotine Tob. Res. 2006, 8, 217–226.
49. Hruba, D.; Zaloudikova, I. Where do our children learn to smoke? Cent. Eur. J. Publ. Health
2008, 16, 178–181.
50. Briggs, V.L.; Lindorff, K.J.; Ivers, R.G. Aboriginal and Torres Strait Islander Australians and
tobacco. Tob. Control 2003, 12, ii5–ii8.

Int. J. Environ. Res. Public Health 2013, 10

1762

51. Motyka, A.; Adamek, R.; Kurzepa-Hasan, E.; Bochenek, K. Motives, awareness of danger and
prevalence of tobacco smoking among students of Poznan University of Medical Sciences in
Poznan and High School of Country Economy in Kutno. Przegl. Lek. 2008, 65, 562–564.
52. Youssef, R.M.; Abou-Khatwa, S.A.; Fouad, H.M. Current and never smokers: Differentials in
characteristics, knowledge and perceptions. East Mediterr. Health J. 2003, 9, 923–934.
53. Moe v. Salish and Kootenai Tribes—425 U.S. 463 (1976). Available online: supreme.justia.com/
cases/federal/us/425/463/case.html (accessed on 10 Febuary 2013).
54. Washington v. Confederated Tribes of the Colville Indian Reservation. Available online:
supreme.justia.com/cases/federal/us/447/134/ (accessed on 14 January 2013).
55. Ding, A. Curbing adolescent smoking: A review of the effectiveness of various policies. Yale J.
Biol. Med. 2005, 78, 37–44.
56. Zhang, B.; Cohen, J.; Ferrence, R.; Rehm, J. The impact of tobacco tax cuts on smoking initiation
among Canadian young adults. Am. J. Prev. Med. 2006, 30, 474–479.
57. Lee, J.; Halpern-Felsher, B.L. What does it take to be a smoker? Adolescents’ characterization of
different smoker types. Nicotine Tob. Res. 2011, 13, 1106–1113.
58. Pomerleau, C.S.; Pomerleau, O.F.; Snedecor, S.M.; Mehringer, A.M. Defining a never-smoker:
Results from the nonsmokers survey. Addict. Behav. 2004, 29, 1149–1154.
59. McGee, R.; Williams, S.; Stanton, W. Smoking among New Zealand adolescents 1960–93.
New Zeal Med. J. 1995, 108, 85–87.
60. Harris, J.B.; Schwartz, S.M.; Thompson, B. Characteristics associated with self-identification as a
regular smoker and desire to quit among college students who smoke cigarettes. Nicotine Tob.
Res. 2008, 10, 69–76.
61. Levinson, A.H.; Campo, S.; Gascoigne, J.; Jolly, O.; Zakharyan, A.; Tran, Z.V. Smoking, but not
smokers: Identity among college students who smoke cigarettes. Nicotine Tob. Res. 2007, 9, 845–852.
62. Brook, J.S.; Balka, E.; Zhang, C.; Pahl, K.; Brook, D.W. Adolescent academic adjustment factors
and the trajectories of cigarette smoking from adolescence to the mid-thirties. Int. J. Ment. Health
2011, 40, 7–21.
63. Fidler, J.A.; West, R.; Jarvis, M.J.; Wardle, J. Early dating predicts smoking during adolescence:
A prospective study. Addiction 2006, 101, 1805–1813.
64. Langlois, M.A.; Petosa, R.; Hallam, J.S. Why do effective smoking prevention programs work?
Student changes in social cognitive theory constructs. J. Sch. Health 1999, 69, 326–331.
65. Kim, S.; Nam, K.A.; Seo, M.; Lee, H.H. Effectiveness of a smoking cessation program for
adolescents. Taehan Kanho Hakhoe Chi 2004, 34, 646–654.
66. Chen, H.H.; Yeh, M.L. Developing and evaluating a smoking cessation program combined with
an Internet-assisted instruction program for adolescents with smoking. Patient Educ. Couns. 2006,
61, 411–418.
67. Cornell, S.; Kalt, J.P. American Indian Self-Determination: The Political Economy of a Policy
that Works; Harvard Kennedy School: Cambridge, MA, USA, 2010.
© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).

