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Abstract

Introduction: North American Indigenous people (ie, American Indian/Alaska Native and Canadian
First Nations) have the highest rates of commercial cigarette smoking, yet little is known about
long-term trajectories of use among this population. The purpose of this study is to examine het-
erogeneous trajectories and profiles of Indigenous cigarette use frequency from early adolescence
(mean age: 11.1 years) to young adulthood (mean age: 26.3 years).

Aims and Methods: Data come from a nine-wave prospective longitudinal study spanning early
adolescence through young adulthood among Indigenous people in the Upper Midwest of the
United States and Canada (N = 706). Smoking frequency was examined at each wave, and latent
class growth analysis was used to examine heterogeneous patterns. Early adolescent and young
adult demographics and smoking-related characteristics were examined across these latent trajec-
tory groups.

Results: In young adulthood, 52% of participants smoked daily/near-daily, and an additional 10%
smoked weekly or monthly. Four latent trajectory groups emerged: low/non-smokers (35.2%) who
had low probabilities of smoking across the study; occasional smokers (17.2%) who had mod-
erate probabilities of smoking throughout adolescence and declining probabilities of smoking into
young adulthood; mid-adolescent onset smokers (21.6%) who showed patterns of smoking onset
around mid-adolescence and escalated to daily use in young adulthood; and early-adolescent
onset smokers (25.9%) who showed patterns of onset in early adolescence and escalated to stable
daily use by late adolescence.

Conclusions: The findings suggest multiple critical periods of smoking risk, as well as a general
profile of diverse smoking frequency patterns, which can inform targeted intervention and treat-
ment programming.

Implications: Nearly two-thirds (62%) of this sample of Indigenous people were current smokers
by early adulthood (mean age = 26.3 years), which is substantially higher than national rates in
the United States and Canada. Moreover, in all but one trajectory group, smoking prevalence con-
sistently increased over time, suggesting these rates may continue to rise into adulthood. The
longitudinal mixture modeling approach used in this study shows that smoking patterns are het-
erogeneous, and implications for public health policy likely vary across these diverse patterns
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characterized by timing of onset of use, escalation in frequency of use, and stability/change over

time.

Commercial tobacco use is the most preventable cause of mortality
and chronic disease and disproportionately affects North American
Indigenous people (ie, American Indian and Canadian First
Nations).! Despite heterogeneity across tribal groups, the prevalence
of smoking among Indigenous youth in a nationally representative
U.S. sample was over twice that of the overall sample.? The national
smoking rate among adults in the United States and Canada is ap-
proximately 14%-15%, while the adult smoking rate for Indigenous
people in the United States and Canada is 24% and 40.3%, re-
spectively.’* Additional evidence from the National Epidemiologic
Survey on Alcohol and Related Conditions indicates that the rates
of lifetime and past-year nicotine dependence are nearly 1.5 times
higher among Indigenous adults compared to non-Hispanic whites.®
Prior research also shows elevated cotinine levels among Indigenous
youth who do not themselves smoke, which is strongly indicative of
secondhand smoke exposure.® These high rates of direct and indirect
cigarette smoke exposure have wide-ranging public health conse-
quences for Indigenous communities.

While public health campaigns to reduce smoking have been suc-
cessful nationally, Indigenous communities have been left behind.
Surveillance data show slight increases in smoking prevalence among
Indigenous young adults’” and an earlier age of onset of smoking
among the youngest cohorts of Indigenous youth compared to
older cohorts.®’ In addition, Indigenous people have lower smoking
quit ratios across the life course compared to other groups,'® and
smoking is a key driver of the leading causes of death (eg, cardio-
vascular disease, lung cancer). Designing and implementing effective
public health policies to combat these disparities require a more
nuanced epidemiological profile of cigarette smoking, particularly
across periods of developmental risk (ie, adolescence and early
adulthood). Few prospective longitudinal studies, however, examine
smoking patterns among Indigenous people and those that do tend
to focus on adolescence. Prior Indigenous research shows that the
onset of cigarette smoking rapidly increases from age 10 to 14, and
the cumulative probability of smoking a cigarette by 16 years of age
is more than 80%.!" Daily smoking increases across adolescence and
the probability of becoming a daily smoker surpasses 50% by late
adolescence.'

Smoking patterns during the early life course are heterogeneous
and not well captured using standard growth-modeling techniques.
Longitudinal mixture modeling approaches among non-Indigenous
samples spanning adolescence through young adulthood show dis-
tinct groups of smokers, which can be differentiated by timing of
onset of use, escalation in frequency/quantity of use, and stability/
change over time.!*2° Earlier age of onset of smoking increases the
odds of heavy use and nicotine dependence in adolescence!®!520:2!
and decreases the odds of cessation in adulthood.? Although daily
smoking patterns primarily emerge in adolescence, young adult
onset smoking patterns have been found.'*'$?! Moreover, occasional,
intermittent, or light smoking patterns in adolescence are less stable
over time, and either escalate to regular use or taper off by young
adulthood,”? and represent a key group that may be responsive to
targeted intervention programming. To characterize such trajectories
across diverse samples, longitudinal data spanning adolescence and
early adulthood is necessary.

These heterogeneous smoking patterns also vary across general
demographic characteristics. Prior trajectory research shows
clear socioeconomic status (SES) differences, such that low SES is

associated with early-onset smoking patterns, and decreased likeli-
hood of cessation.”* In addition, smoking trajectory groups charac-
terized by early-onset use and rapid escalation to heavy, daily use by
mid- to late adolescence have lower GPAs in high school,'3 lower
overall educational attainment, and lower average income in adult-
hood compared to never-smokers.”S Research among Indigenous
youth suggests that females start smoking at earlier ages'> and have
higher odds of lifetime nicotine dependence compared to males.?
Prior longitudinal mixture modeling research also suggests that des-
pite the earlier onset of smoking, females are more likely to mature
out of smoking during the transition into young adulthood.?® At the
family level, adolescents who grow up with a caretaker who smokes
have a higher risk of being an early-onset smoker with persistent
patterns of use. #1618

Developmental smoking research using longitudinal mixture
modeling demonstrates that profiles of these smoking trajectories
are distinct and likely have varying implications for public health
practice. Only one study of Indigenous youth examines smoking pat-
terns within a longitudinal mixture-modeling framework. Whitesell
et al.?® identified three latent smoking trajectory groups across
2 years of data among young Indigenous people (grades 6-7) in the
Northern Plains. Because the data only examined early adolescence,
no groups showed stable patterns of daily smoking, and there were
no opportunities to observe meaningful changes in use. We extend
this body of research by using prospective cigarette smoking fre-
quency data among a within-culture sample of Indigenous people to
identify heterogeneous latent trajectories from early adolescence to
young adulthood, which can aid in identifying critical periods of risk
for shaping public health policy. In addition, we examine smoking-
related and demographic characteristics of these smoking frequency
patterns, to generate a basic demographic profile of who is likely to
fit different smoking risk patterns, which can aid in developing tar-
geted intervention and treatment programming.

Methods

Sample

Data come from an ongoing community-based participatory research
project with four reservations in the Upper Midwest of the United
States and four Canadian First Nations reserves. As part of confiden-
tiality agreements at each site, the names of the communities and cul-
tural groups are not identified. The first phase of the study consisted
of eight waves of data collected annually with a target adolescent and
at least one primary caregiver beginning in 2002 and ending in 2010.
At baseline, eligible adolescents were aged 10-12 years, enrolled tribal
members, and living on or within 50 miles of the reservation/reserve.
Participants were selected from tribal enrollment records at each res-
ervation/reserve. The study team attempted to contact all participants
within this age range. The recruitment rate across all sites was 79.4%.
Additional details on this first phase of the study can be found in pre-
viously published reports.?” The second phase of the study followed
up with participants in young adulthood, and Wave 9 data were col-
lected in 2017-2018 (mean age: 26.3 years). In both phases, data were
collected via computer-assisted and paper-and-pencil personal inter-
views by trained tribal community interviewers. Participants received
at each measurement occasion a culturally meaningful gift and a $40
and $50 USD incentive during the first and second phases, respect-
ively. The sample for the current study consisted of 735 adolescents
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who enrolled at baseline. Twenty-seven adolescents passed away by
Wave 9, and two participants had no smoking-related data and were
removed from the data for a final analytic sample of 706. After ac-
counting for deceased participants, retention rates across waves ranged
from 96.2% to 64.3% (see Supplementary Appendix A for retention
rates at each wave). All study protocols were collaboratively developed
and implemented by community and university team members and ap-
proved by the University of Nebraska and the University of Minnesota
Institutional Review Boards, and each respective community’s advisory

board.

Measures

Smoking Frequency

Cigarette smoking frequency was examined at each wave of the
study and was used as the observed indicators in a latent class
growth analysis (LCGA) model. At each wave, cigarette smoking
frequency was measured by asking participants whether they had
ever smoked a cigarette in their lifetime and, if so, how often in
the past 12 months. For those reporting any smoking, response op-
tions in the paper-and-pencil waves (Waves 1, 2, 3, 5, 7, and 9) were
none, one to two times a month, once a month, every week, nearly
every day, and every day. In the three diagnostic waves (Waves 4, 6,
and 8), response options were none, daily or near-daily, 3-4 days
per week, 1-2 days per week, and less than that. Because of heavy
skew on both ends of the distribution (ie, non-smoking and daily
smoking), and to make response options consistent across waves,
smoking frequency responses were collapsed into (0) no smoking, (1)
weekly or less smoking, (2) daily or near-daily smoking categories
(see Supplementary Appendix A for the breakdown of monthly and
weekly smoking prevalence). This coding approach has also been
used in prior trajectory studies.®

Smoking-Related Characteristics

Four smoking-related characteristics were examined. First, camula-
tive adolescent nicotine dependence was assessed at Wave 8 of the
study using standardized scoring algorithms from the Diagnostic
Interview Schedule for Children,*® which was based on DSM-IV-TR
criteria (0 = did not meet lifetime criteria, 1 = met lifetime criteria).
Second, at Waves § and 7 of the study, caretakers of the participants
were asked if they currently smoked (0 = non-smokers, 1 = smokers).
Third, at Wave 9, self-reported smokers were asked whether they ever
tried to quit smoking, and if so, how many quit attempts they made.
Fourth, self-reported smokers were asked how many cigarettes they
smoked per day on average. Counts of the number of quit attempts
and cigarettes smoked per day were created from these responses.

Demographics

Four demographic characteristics at baseline were assessed,
including sex (0 = male; 1 = female), caretaker highest level of edu-
cation (0 = less than high school, 1 = high school diploma or GED,
2 = some college or vocational/tech school, 3 = college degree), per
capita family income (income from all sources, divided by number
of people in the household, divided by 1000), and residing on versus
off reservation/reserve land. Four demographic characteristics at
Wave 9 were assessed, including residing on versus off reservation
land (0 = off reservation, 1 = on reservation), participant education
(0 = less than high school, 1 = high school diploma or GED, 2 = some
college or vocational/tech school, 3 = college degree), participant in-
dividual income (personal income divided by 1000), and participant
parental status (0 = no children, 1 = any children).

Analytic Strategy

We used LCGA to examine trajectories of cigarette smoking fre-
quency from Waves 1 to 9 in Mplus version 8.1.> Because the first
eight waves of data followed participants in approximately 1-year
intervals, and Wave 9 did not continue with this ordering, the metric
of time was expressed as a year of the study (ie, linear growth factor
loadings set to 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, and 1.4 for Waves
1-9, respectively, to account for spacing between the waves). After
identifying the best fitting unconditional latent growth curve model,
2-6 classes were examined and compared across various model fit
indices and substantive interpretability. The Akaike’s information
criterion, Bayesian information criteria (BIC), sample-adjusted BIC,
Lo-Mendell-Rubin likelihood ratio test (LMR-LRT),*® and boot-
strapped likelihood ratio test (BLRT)?! were compared across suc-
cessive models. Lower information criteria values and a significant
likelihood ratio test indicate better model fit. To adjust for potential
differences in age at the start of the study, we repeated this process
and included age at baseline as a predictor of growth parameters (eg,
intercept, slope) and the latent trajectory class variable.

Full-information maximum likelihood estimation was used to
account for missing data in the LCGA, and participants were classi-
fied in the trajectory group in which they had the highest posterior
probability of being in. Because of the inconsistent time ordering of
several variables, we opted to conceptualize the demographic and
smoking-related characteristics as general profile variables, rather
than as formal predictors and outcomes. To account for missing data
on these variables, multiple imputation by chained equations was
used in Stata version 15% to generate 50 imputed datasets,** which
included the latent trajectory class variable and predictors of attri-
tion (ie, gender, residing on/off reservation/reserve, study location)
as auxiliary variables. For a number of quit attempts and cigarettes
smoked per day, imputed values were estimated for current smokers
only. The profile analysis results represent the parameter estimates
combined across the 50 datasets.

Because of the use of multiple imputation, standard analysis
of variance and chi-square testing typically used in latent class
studies are not readily available. Instead, for ease of interpret-
ation, we report the imputed means and proportions of each
profile variable for the total sample and for each latent trajectory
class. For each of the profile variables, except for the number of
quit attempts and average number of cigarettes smoked per day,
multinomial logistic regression was used to determine statistically
significant differences across the latent trajectory classes by chan-
ging the latent smoking trajectory class reference group and as-
sessing all possible contrasts (see Supplementary Appendix B for
multinomial logistic regression coefficients and 95% confidence
intervals). For a number of quit attempts and average number of
cigarettes smoked per day, we were interested in differences only
among those who are current smokers at the last wave of assess-
ment. To assess this, we regressed both variables on the latent
smoking trajectory class, current smoking status, and an inter-
action between the two. We assessed the difference across classes
by switching the reference category for the latent smoking trajec-
tory variable and presenting all possible contrasts. The regression
coefficient for current smoking represents the averages for these
outcomes in the latent smoking trajectory class reference group,
and the interaction effects represent deviations and statistical sig-
nificance from this average for the included trajectory groups (see
Supplementary Appendix C for regression models and 95% con-
fidence intervals).
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Results

Frequency of Smoking Across Time

Figure 1 shows the frequency of cigarette smoking at each wave
(see Supplementary Appendix A for smoking prevalence by wave).
Smoking prevalence increased consistently over time and grew
from 11% at Wave 1 (mean age: 11.1 years) to 62% of the sample
smoking at Wave 9 (mean age: 26.3 years). Growth was primarily
driven by increases in daily or near-daily smoking from 2% at Wave
1 to 52% at Wave 9. Weekly or less smoking rates increased slightly
from early to mid-adolescence (Waves 1-6), declining thereafter. The
prevalence of weekly or less smoking did not exceed 20% at any
given wave, indicating that participants who smoked overwhelm-
ingly tended to be daily or nearly daily smokers.

Latent Class Growth Analysis

Unconditional latent growth curve models were estimated to identify
the best fitting model. Intercept, linear, and quadratic growth were
considered, and the quadratic growth model fit the data best. Two
to six latent trajectory classes were examined and compared across
fit indices and substantive interpretability. The information criteria
indices declined consistently across models, with the differences be-
tween models decreasing in magnitude after three classes. Starting
with a six-class model, small non-interpretable groups (<4%)
emerged, so four- and five-class models were further evaluated. The
LMR-LRT test comparing a five-class solution to a four-class solu-
tion was not significant; however, the BLRT was significant. Both
a four- and five-class solution had early- and mid-adolescent onset
groups, characterized by the onset of use in early- or mid-adolescence
and rapid escalation to daily or near-daily use by late adolescence.
The five-class solution had an additional class characterized by late-
adolescent onset smoking, characterized by the onset of use in late
adolescence and rapid escalation to daily or near-daily use by early
adulthood. Because these are all variations of a common pattern, we

opted for the more parsimonious four-class solution with distinct
early- and mid-adolescent onset classes (Table 1).

We ran each model with age at baseline as a predictor of the
growth parameters and the latent class membership. The fit indices
mirrored the unconditional LCGA models and suggested a four- or
five-class model best fit the data. Across all models, age at baseline
was positively associated with the intercept growth factor and class
membership, which indicates that the observed smoking frequency
variables are incorrectly related to the latent trajectory class in the
unconditional model.** As such, age at baseline was used to esti-
mate the class size and categorize participants in the class they have
the highest posterior probability of being in.>* The average posterior
probabilities for each class ranged from .77 to .93, and the entropy
value of .75 indicated acceptable classification accuracy and class
separation.®

Figure 2 shows the probabilities of smoking frequency categories
across the four classes at each wave (see Supplementary Appendix
A for class probabilities by wave). The largest single class, low/
non-smokers, representing one-third of the sample (35.2%), was
characterized by high probabilities (>.90) of non-smoking and
low probabilities of weekly or less smoking in adolescence (Waves
1-8). This group also showed a small increase in weekly or less
smoking in young adulthood (Wave 9). The next largest group, oc-
casional smokers (17.2%), had modest probabilities of weekly or
less smoking and daily or near-daily smoking throughout adoles-
cence (Waves 1-8) and into early adulthood and was the only class
to meaningfully decline in daily or near-daily use in young adulthood
(Wave 9). Mid-adolescent onset smokers (21.6 %) showed onset
of weekly or less and daily or near-daily smoking around Wave 3
(mean age: 13.1 years) and steadily escalated to high probabilities
(>.80) of daily or near-daily smoking by Wave 9 (mean age: 26.3).
Early-adolescent onset smokers (25.9%) had modest probabilities of
smoking at Wave 1 (mean age: 11.1 years), but rapidly escalated to
and plateaued at daily use by Wave 6 (mean age: 16.2 years).
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Figure 1. Growth in smoking frequency across time among the total sample (N = 706).
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Table 1. Latent Class Growth Analysis Model Fit Information (N = 706)

AIC BIC ABIC LMR-LRT BLRT Entropy
Unconditional model
1 class 9348.80 9367.05 9354.35
2 class 7817.64 7854.14 7828.74 1482.68* 1539.16* .85
3 class 7562.75 7617.50 7579.40 253.42*% 262.89% .78
4 class 7489.81 7562.81 7512.00 77.97% 80.94* 77
S class 7446.18 7537.43 7473.93 49.73 51.63* .74
6 class 7413.73 7523.23 7447.03 38.97% 40.45* 75
Conditional model with age as covariate
1 class 9166.57 9198.49 9176.26
2 class 7683.22 7737.94 7699.84 1449.16* 1493.35* .85
3 class 7465.45 7542.96 7488.98 221.04* 227.78% 77
4 class 7393.32 7493.63 7423.78 79.70% 82.13* 75
5 class 7353.75 7476.86 7391.13 48.10 49.57% 72
6 class 7330.36 7476.26 7374.66 32.41 33.40% .74

AIC = Akaike’s information criterion; BIC = Bayesian information criteria; ABIC = sample size adjusted BIC; LMR-LRT = Lo-Mendell-Rubin likelihood ratio test;

BLRT = bootstrap likelihood ratio test.

*p <.0S.
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Figure 2. Probabilities (y-axis) of smoking frequency by Wave (x-axis) and latent trajectory class; W# = Wave of Study; see also Supplementary Appendix A for

exact probability values across classes.

Profiles of Smoking LatentTrajectory Classes

Table 2 presents descriptive statistics of the overall sample at baseline
(Wave 1) and early adulthood (Wave 9), and differences in means/pro-
portions across the four latent trajectory classes (see also Supplementary
Appendixes B and C). We highlight only significant mean/proportion
differences across the latent trajectory classes. Turning first to baseline
demographics, relative to caretakers whose highest level of education
is less than a high school diploma, the low/non-smoking group had

higher proportions of participants whose caretaker’s highest level of
education is a college degree compared to the early-onset group. For
gender, the occasional and early-onset groups had a higher propor-
tion of females compared to the low/non-smoking group. Per capita
family income means at baseline were significantly higher in the low/
non-smoking group compared to the other three groups.

Moving next to Wave 9 demographics, relative to those whose
highest level of education is less than a high school diploma, a higher
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Table 2. Early Adolescent and Young Adult Demographic Profiles by Latent Smoking Trajectory Group (N = 706)
Occasional
Overall sample Non/low-probability smokers Mid-adolescent Early-onset
(N =706) smokers (N = 255) (N =110) onset (N = 151) (N =190) F-test
Baseline demographics
Caretaker education 2.54,p=.01
Less than high school (reference) 13.69% 11.37% 18.18% 14.57% 13.51%
High school or GED 34.00% 27.06%, 30.00%, 35.76%, 44.22%,
Some college 42.64% 48.24%, 41.82%, 41.06%, 36.85%,
College degree 9.67% 13.33%, 10.00% 8.61%,, 5.42%,
Female 50.64% 40.99%, 59.09%, 49.67%, 59.47%, 6.14,p = .00
Resides on reservation 86.05% 83.73%, 88.98%, 86.28%, 87.29%, 0.55,p=.55
Per capita family income 5.70 (4.98) 7.04 (6.14) 5.16, (4.56) 5.28, (4.07) 4.53,(3.60)  10.83,p=.00
(mean/SD)
Current demographics
Resides on reservation 65.90% 60.87%, 67.87%, 72.53%, 66.24%, 1.41,p=.24
Current education 2.52,p=.01
Less than high school (reference) 27.89% 20.24% 30.11% 31.48% 34.03%
High school or GED 39.24% 36.44%, 35.04%, 41.44%, 43.66%,
Some college 21.00% 23.91%, 24.11%,, 18.93%,, 16.94%,
College degree 11.88% 19.42%, 10.75%, 8.15%, 5.37,
Current parent 66.38% 55.33%, 66.71%, 70.46%,, 77.76%, 5.66,p = .00
Individual income (mean/SD) 19.55 (20.24) 23.34 (22.13) 20.68, (17.19) 16.25, (16.29)  16.45_(17.61) 6.45,p =.00
Smoking characteristics
Lifetime nicotine dependence 23.00% 1.17%, 24.35%, 21.92%, 52.36%, 18.59,p =.00
Caretaker smoking 75.64% 65.80%, 81.82%, 77.10%, 84.11%, 7.11,p =.00
Average number of quit attempts 2.22(4.77) 2.08, 3.17, 247, 1.80, 10.45,p = .00
(mean/SD)?
Average number cigarettes 8.17 (6.97) 6.70,, 5.63, 8.83,, 9.29, 63.09,p =.00
(mean/SD)?

Proportion/means that do not share a subscript within rows are significantly different from one another (p < .05); see Supplementary Appendixes B and C for full

regression contrasts used to determine statistical differences between classes.
*Among current smokers (see also Supplementary Appendix C).

proportion of participants in the low/non-smoking group had a col-
lege degree compared to the other three groups. Moreover, relative
to those whose highest level of education is less than a high school
diploma, those in the low/non-smoking group has a higher propor-
tion of participants whose highest level of education is some college
compared to the early-onset group. The low/non-smoking group
had the lowest probability of being a current parent compared to
the mid- and early-onset groups. In addition, the occasional smoker
group had a lower probability of being a current parent compared to
the early-onset group. For current participant income, the means in
the low/non-smoking group were significantly higher than the mid-
and early-onset groups. The occasional smoking group also had a
higher mean level of income compared to the mid- and early-onset
groups.

Next, we examined groups vis-a-vis smoking characteristics.
For cumulative lifetime nicotine dependence at Wave 8 (mean age:
18.3 years), the low/non-smoking group had fewer participants who
met criteria compared to the other groups, whereas the early-onset
group had the largest proportion of participants who met criteria
for lifetime nicotine dependence compared to the other three groups.
Occasional smokers and mid-onset smokers had statistically equiva-
lent proportions of participants meeting nicotine dependence criteria.
The low/non-smoking group had a lower proportion of participants
whose caretakers smoked during adolescence compared to the other
three groups. Among current smokers at Wave 9, there were no sig-
nificant differences in the number of quit attempts made (the average

among current smokers: 2.22, SD: 4.77). Current smokers in the
low/non-smoking and occasional groups smoked fewer cigarettes
per day than the early-onset group, and current smokers in the occa-
sional smoking group smoked fewer cigarettes on average compared
to the mid-onset group.

Discussion

Commercial cigarette use is highly prevalent among North American
Indigenous people and is a key driver of health disparities.** The
overall early adulthood smoking rate found in the current study
(62%) is over four times higher than the national estimates of the
same age group and higher than the national average for Indigenous
adults as a whole.>* Of equal importance, smoking probabilities in-
creased or remained stable from adolescence through the mid-to-late
twenties, suggesting that smoking rates may continue to increase
into early adulthood. Moreover, decades of research suggest that
smokers make an average of 30 quit attempts before the successful
cessation of 1 year or longer,*” which is nearly 10 times higher than
the average number of quit attempts found in the current study.
These findings align with prior research showing the high smoking
prevalence and lower quit ratios among Indigenous populations,!'
which run counter to broad public health targets (eg, Healthy People
2020, Canada’s Tobacco Strategy).’®* Taken together, the current
study adds to a growing body of evidence signaling that antismoking
public health initiatives have failed to reach Indigenous communities
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and/or are wholly inadequate. To reduce smoking-related health dis-
parities,*¢ building effective public health policy requires a strong
evidence base from which action can be taken. To fill this gap, we
examined prospective latent trajectories and profiles of cigarette
smoking frequency from adolescence to young adulthood among
Indigenous people in the Upper Midwest of the United States and
Canada.

Four latent trajectory classes emerged from the data, which is
consistent with prior research.!®161%20 The composition of these la-
tent trajectory groups, however, was less consistent. The largest single
class consisted of low/non-smoking participants (35.2%). Just under
half (48.5%) of the participants had high probabilities of being in
classes characterized by escalation from low-probability smoking at
various points in adolescence to current daily or near-daily smoking
in young adulthood (early- and mid-adolescent onset). An additional
17.2% fit into a class with moderate, but declining rates of smoking
(occasional smokers). Compared to prior smoking trajectory studies,
the proportion of the sample in a low/non-smoking group was low.
A majority of studies find that approximately half of participants fit
into a similar trajectory group,'*-'%172% whereas only about one-third
of the participants in the current study were categorized into this
group. With the exception of one study,? the proportion of partici-
pants in the early-onset group was nearly double that found in other
studies.!3"1%1720 Moreover, a substantial majority of participants who
smoked were daily smokers, and fewer participants were considered
experimental or light smokers compared to previous trajectory
research.!31520

This analytic approach shows diverse patterns of use over the
early life course, which can be used to identify critical periods of
risk for onset, escalation, and desistance in use. The results over-
whelmingly support the need for developmentally appropriate, early
childhood smoking prevention programming. Efforts should aim to
reduce the odds of transitioning from high rates of early experimental
use to daily use patterns. A goal of national public health strategies
is to reduce the proportion of smoking initiation cases among ado-
lescents.*®** Recent evidence suggests that some Indigenous groups
are actually showing the increased prevalence and earlier onset
smoking in the youngest age cohorts.”® The class characterized by
early-adolescent onset use in this study had the highest probability
of meeting lifetime nicotine dependence compared to the other
four groups, and the mid-adolescent onset and occasional smoking
groups had higher probabilities of lifetime nicotine dependence
compared to the low/non-smoking group. Moreover, prior research
suggests that smoking before the age of 16 and meeting criteria for
nicotine dependence decreases the odds of long-term cessation.?? As
such, interventions aimed at delaying the onset of smoking may re-
duce the number of youth who start smoking and may increase the
effectiveness of cessation efforts. In all but one group, smoking rates
remained stable or increased into early adulthood, which suggests
that delaying the onset of smoking would only be partially effective
and interventions must persist across the life course.

The latent trajectory groups also varied by common demographic
characteristics. At the individual level, females had the highest prob-
ability of early-onset smoking, whereas males had a higher prob-
ability of low/non-smoking or mid-adolescent onset smoking. Prior
Indigenous research shows that females are more likely to initiate
smoking at earlier ages and smoking into adulthood'> and have
higher odds of nicotine dependence compared to males.> Moreover,
the results showed that low SES (eg, education and income) in
childhood and young adulthood is associated with early onset and

persistent patterns of cigarette use. These findings align with broader
global trends in smoking, which document an enduring association
between SES and cigarette smoking.?* At the family level, the re-
sults show that participants who grew up with caretakers who were
smokers had a lower probability of being in the low/non-smoking
group compared to the other three groups. Likewise, those who were
categorized into the early- and mid-adolescent onset groups had a
higher probability of being current parents compared to those in
the low/non-smoking group. Taken together, these inequities require
an intersectional, developmental approach to smoking policy, which
can aid in identifying who is most at risk, the timing of this risk,
and areas for focused public health interventions. This includes early
gender-responsive programming, affordable access to cessation re-
sources, and disrupting intergenerational cycles through comprehen-
sive family-based interventions, including focused cessation efforts
among caretakers and complete smoking bans in the home.'*

Public health policy must also consider the unique local and cul-
tural contexts of tribal communities. An important consideration for
interpreting these findings is that traditional (ie, noncommercial) to-
bacco use has important cultural and spiritual meanings and has a
different purpose, form, and function than commercial tobacco."
The former poses no health risk when used traditionally, while
the latter poses short- and long-term health risks.® Enduring con-
sequences of colonization and government sanctions on traditional
spiritual practices have led to the conflation of traditional tobacco
with modern commercial cigarettes.* As a result, recreational,
nontraditional tobacco use is considered normative, and the dele-
terious aspects of smoking are perceived to be of low importance
in some Native communities.*>* Tribally driven initiatives aim to
change these norms and “keep tobacco scared.” Moreover, federally
recognized tribes are sovereign entities and have the capacity to po-
tentiate community change through regulation and collective action
(eg, tobacco taxation, smoking in public spaces). To reduce the com-
munity health burdens associated with commercial smoking, public
health policy must be developed, implemented, and evaluated within
the context of cultural respect and tribal sovereignty.*!

Limitations

Several limitations warrant consideration. First, the data come from
one Indigenous cultural group and may not be generalizable to
others. Moreover, the initial sampling frame for the study included
youth who resided on or near reservation/reserve land. As such, the
results may not be generalizable to youth of the same cultural group
who grew up in urban areas. Second, because we only had data on
smoking quantity at the most recent wave of the study, smoking fre-
quency was modeled instead of the more commonly used quantity
x frequency measures used in other studies. Prior research indicates
that non-daily smokers are a heterogeneous group, and heavy non-
daily smokers share similar smoking outcomes to daily smokers.
Third, time ordering was not consistent across the profile indicators
or for wave of the study. Nicotine dependence was last assessed at
Wave 8, which precludes a current assessment of nicotine depend-
ence by a smoking group at Wave 9. Caretaker smoking was only
assessed at Waves 5 and 7, but we suspect smoking rates among
caretakers remained relatively stable over time. Relatedly, the gap in
time between Waves 8 and 9 of the study was 7 years, which leaves
a relevant developmental period with no data. We speculate that the
inclusion of this data would not substantially alter the size or shape
of the trajectories, but we might expect some additional context (eg,
timing of escalation/desistance) for several of the groups.
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Despite these limitations, this study is unique in that it is the only
within-culture study to examine prospective smoking trajectories
across multiple relevant developmental periods. The results show a
high smoking prevalence compared to national estimates. Smoking
patterns are heterogeneous, unfold across the course of adoles-
cence, and often persist through the transition to young adulthood.
Likewise, these smoking trajectories can be clearly differentiated by
demographic and smoking-related characteristics. These insights
suggest multiple critical periods for smoking risk, and a general
demographic risk profile, which can aid in developing targeted inter-
vention and treatment programming in Indigenous communities.
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