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Abstract

Background—It is unclear whether declines in cigarette smoking in the U.S. have resulted in a

hardened population of “hardcore” smokers. We studied changes in nicotine dependence severity

from 2002–2012, using data from the National Survey on Drug Use and Health.

Methods—We used generalized non-linear factor analysis to examine whether individual

Nicotine Dependence Syndrome Scale (NDSS) items functioned differently over time, and

whether average NDSS scores changed in a sample of 130,637 current smokers. We also

examined trends for individual NDSS sub-scales and whether trends were moderated by tobacco

consumption and socio-demographic factors.

Results—Consumption levels and dependence severity both declined over the study period. This

decline was driven by priority (e.g., avoiding smoke-free locations) and tolerance dimensions of

dependence, while drive (e.g., craving and smoking to relieve negative affect) and continuity (e.g.,

stability) of smoking did not change. Declines for tolerance were greatest among those without
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serious psychological distress and among middle-aged smokers. Drive and continuity increased

among women and low income smokers.

Conclusions—We did not find evidence of hardening at the population level for smokers in the

U.S., 2002–2012. However, there is evidence of hardening when considering drive and continuity-

related nicotine dependence among women and low-income smokers, suggesting these sub-groups

are experiencing greater severity of craving, smoking to relieve negative affect, and regularity of

smoking despite reduced consumption.
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1. INTRODUCTION

The prevalence of cigarette smoking continues to decline in the U.S. (Substance Abuse and

Mental Health Services Administration (SAMHSA), 2012). Reductions in smoking are

likely the result of a combination of efforts, including public health, improved treatment,

and changes in attitudes towards smoking (Cummings et al., 2009). There is concern that

tobacco control efforts and concomitant reductions in smoking have resulted a “hardened”

population of remaining smokers, who may have more difficulty quitting (National Cancer

Institute, 2003; Warner and Burns, 2003).

Previous investigations of trends in nicotine dependence severity have primarily used

cigarettes per day, or other measures of consumption, as a marker for dependence (Al-

Delaimy et al., 2007; Goodwin et al., 2009; Hyland and Cummings, 2003). The majority of

these studies have found either no change or declines in cigarettes per day over time,

suggesting dependence severity is not increasing at the population level. However, changes

in cigarettes per day and other consumption-based measures of dependence severity may be

influenced by factors such as taxation and stigmatization, and thus may not adequately

document whether or not dependence severity has increased over time (Hughes, 2003).

O’Connor et al. (2006) improved on these previous studies by examining both cigarette

consumption and serum cotinine levels from 1988–2002, finding declines in both measures.

Contrarily, a more recent investigation found serum cotinine levels had not changed from

1988–2012 (Jarvis et al., In Press). Although studies of serum cotinine provide more

objective measure of nicotine exposure, the studies do not capture other dimensions of

dependence severity, such as tolerance, withdrawal and craving. Measures that capture both

consumption and non-consumption dimensions of nicotine dependence severity may be

better suited for accurately assessing change over time (Hughes, 2011).

Two population-based, retrospective birth-cohort studies used DSM measures of nicotine

dependence to examine whether dependence increased with decreasing age of cohorts

(Breslau et al., 2001 - DSM-III; Goodwin et al., 2009 - DSM-IV), with both finding

evidence that smokers were becoming more dependent. These retrospective birth cohort

studies have important limitations. For example, previous research has demonstrated

differential recall bias between younger and older birth cohorts (Johnson and Schultz, 2005).

Further, Hughes (2003) found that smokers in younger cohorts were more willing to label
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their nicotine addiction as dependence than older cohorts. The results may also be biased by

differential mortality, whereby heavier smokers in older cohorts are more likely to have

passed away than lighter smokers.

The purpose of the current investigation was to assess whether dependence levels changed

among smokers in the general U.S. population from 2002–2012. This time period is

particularly relevant, given the number of improvements in tobacco control efforts that

occurred in the early-mid 2000s (e.g., smoke-free policies, increased tobacco taxation and

price of cigarettes, FDA approval of varenicline). The study improved upon existing

research on this topic in several important ways. First, we used serial cross-sectional data

from the National Survey on Drug Use and Health to examine changes over time. Second,

we used the Nicotine Dependence Syndrome Scale (NDSS; Shiffman et al., 2004), a

measure that captures both consumption and non-consumption dimensions of nicotine

dependence. In addition to examining trends based on this comprehensive assessment of

dependence severity, we were also able to conduct analyses of trends for specific

dimensions of dependence, using item-level and subscale analyses. We first conducted Item

Response Theory and Differential Item Functioning analyses to examine changes in the

performance of individual NDSS items over time, and to generate overall dependence

severity factor scores. We then examined trends for the following NDSS sub-scales: drive

(e.g., craving and smoking to reduce negative affect), priority (e.g., avoid places where

smoking is restricted), tolerance, and continuity (e.g., smoking regularly throughout the

day). We tested moderation of trends for overall dependence severity and NDSS sub-scales

by factors related to nicotine dependence severity: daily cigarette consumption, other

tobacco product use, sex, age, race/ethnicity, income, and serious psychological distress.

2. METHODS

We analyzed data from the National Survey on Drug Use and Health (NSDUH; formerly the

National Household Survey on Drug Abuse), an annual nationally representative survey of

the U.S. non-institutionalized population, ages 12 and older. This time period (2002–2012)

was the longest period available with a consistent measure of nicotine dependence.

Computer-assisted, face-to-face interviews were conducted each year by professionals from

the Research Triangle Institute. Full details regarding the sampling procedures can be found

at the SAMHSA Substance website (SAMHSA, 2013).

Important changes were made to the NSDUH sampling design during the 2002–2012 period.

Subsequent to 2005, census tracts were used for the first stage of sampling rather than pre-

defined geographical areas. First-stage sampling units had 50% overlap for each consecutive

year from 2002–2004, and then again from 2004–2012 in order to improve consistency

between samples (without overlapping respondents; SAMHSA, 2013). Our study was

limited to current smokers (100+ cigarettes in their lifetime and at least once during the past

30 days). The sample sizes for each survey year were: 2002, n=12,757; 2003, n=12,967;

2004, n=12,599; 2005, n=12,434; 2006, n=11,978; 2007, n=11,934; 2008, n=11,617; 2009,

n=11,470; 2010, n=11,343; 2011, n=11,169; 2012, n=10,412. The total sample size was

n=130,637 smokers. The age distribution for smokers in this final combined sample was as

follows: 12 to 17 years − 8.69%; 18 to 25 – 48.70%; 26 to 34 – 15.09%; 35 to 49 – 19.16%;
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50 to 64 – 6.59%; 65 or older – 1.77%. Fifty-two percent were men; 72% were white/

Caucasian, 9.5% were Black/African American, and 10.5% were Hispanic; and the median

income category was $20,000–$49,000.

2.1. Summary of analyses

2.1.1 Trends for general nicotine dependence severity—We used the Nicotine

Dependence Syndrome Scale (Shiffman et al., 2004) as our primary measure of nicotine

dependence. This measure has demonstrated strong psychometric properties as a multi-

dimensional assessment of nicotine dependence (e.g., associations with dependence-relevant

measures, prediction of withdrawal/urges to smoke/cessation, high internal reliability, and

adequate test-retest reliability; Shiffman et al., 2004). We considered two options for

analyzing trends for overall dependence severity. The first and simplest option was to

generate summary NDSS scores for each smoker, and compare mean scores across years in

the study. This approach had important limitations, such as the skewed nature of the

variable’s distribution, and the inability to examine trends for individual symptoms over

time [i.e., differential item functioning (DIF; Liu et al., 2013)].

In order to resolve these issues, we adapted integrated data analysis (IDA) methodology to

our study aims, and used moderated nonlinear factor modeling (MNLFA) as our main

analytic tool (Bauer and Hussong, 2009; Rose et al., 2013). This approach allowed us to do

four things: 1) examine differential item functioning for individual items in 2003–2012

relative to 2002, 2) use this information to generate a psychometrically equivalent measure

of nicotine dependence across 2002–2012, 3) generate nicotine dependence severity scores

for each participant based on this psychometrically equivalent measure, and 4) examine

whether both mean and variance for nicotine dependence severity changed from 2002–2012.

IDA is a general framework of methods for combining data from varying samples. This is

achieved by creating psychometrically equivalent measures across studies. We achieved this

goal by utilizing MNLFA, which is rooted in generalized linear modeling and item response

theory (IRT; Bauer and Hussong, 2009). IRT is based on the assumption that items from a

measure (in this case, NDSS) are representative of a range of ability (in this case nicotine

dependence severity) for a single underlying, normally distributed latent factor (nicotine

dependence). Our base model was a 2-PL IRT model (Embretson and Reise, 2000). In this

model, each item in the measure has an item location parameter (the level of nicotine

dependence severity represented by that item) and a discrimination parameter (each item’s

ability to differentiate between those scoring higher and lower on nicotine dependence

severity). These parameters can then be used with any given individual’s item responses to

generate a factor score (each smoker’s nicotine dependence severity) for that individual.

MNLFA is able to extend on this base 2-PL IRT model in two important ways. First, the

model can include estimates for the mean and variance of the factor scores. Second, one can

include interaction terms for model parameters, allowing for a test of effect moderation by

other key variables. For example, in the current investigation, this approach allowed us to

examine whether item location and item discrimination were moderated by study year (i.e.,

testing item DIF), and whether mean factor score and variance were moderated by study
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year (i.e., testing whether overall nicotine dependence or variance in nicotine dependence

varied by year, after accounting for DIF).

All analyses for the current investigation were conducted using MPlus (to generate initial

parameter estimates), and SAS PROC NLMIXED (to conduct MNLFA modeling and

generate nicotine dependence scores). NDSS responses for each item ranged from 1 to 5

(“not at all true” to “extremely true”). First, we dichotomized the items to fit the 2-PL IRT

model. We re-coded each NDSS symptom to 0 or 1, based on whether the respondent

reported the symptom was at least “somewhat true” of them. We used “somewhat true” as a

cut-off because this translated to a “yes vs. no” response for whether the respondent had

experienced the symptom. This approach is consistent with other non-consumption based

measures of nicotine dependence (e.g., the DSM). We then conducted factor analyses on the

NDSS symptoms in order to select items that best represented a single latent nicotine

dependence factor for further analyses. We also wanted to limit our analyses to the most

parsimonious number of symptoms possible, while maintaining an adequate representation

of nicotine dependence. Our final selection of NDSS items are presented in Table 1.

When calculating MNLFA models, we used adaptive Gaussi-Hermite quadrature, specifying

15 quadrature points and a maximum of 1000 iterations, and a gradient cut-off of 0.01. We

considered DIF to be evident if both of two criterion were satisfied: 1) the DIF coefficient

(i.e., the interaction between item location/discrimination and study year) for an item was

statistically significant between study years (p < 0.05), and 2) the parameter estimate was

greater than 0.2. We used the second criterion because with such a large sample size, even

non-meaningful DIF was found to be highly statistically significant (even after accounting

for multiple testing). We selected the cut-off of 0.2 because the parameter estimates have a

scale of standardized units, and effect sizes < 0.2 are generally accepted to be small (Kirk,

1996). After testing DIF for each item, we generated a nicotine dependence score for each

smoker, controlling for statistically significant DIF (i.e., each participant’s nicotine

dependence score was based on an underlying latent construct that was equivalent across

study years).

We then used separate linear regression models to examine whether NDSS factor scores for

nicotine dependence changed over time, regressing dependence score on study year. We

separately examined study year as both categorical and continuous variables, in order to

calculate mean estimates for each year and examine linear trends over time.

2.1.2. Nicotine Dependence Sub-Scales—In addition to examining trends for overall

dependence, we also examined trends for NDSS-subscales. Shiffman et al. (2004) divided

NDSS items into 5 sub-scales: drive, priority, tolerance, continuity, and stereotypy. Due to

similarities between continuity and stereotypy, these scales were combined in the current

investigation. Items for “drive” (alpha = 0.82) included: 1) need to smoke to feel less

irritable, 2) start to crave cigarettes when you don’t smoke for a few hours, 3) craving of

cigarettes is like a strong force you can’t control, and 4) you feel a sense of control over

your smoking (reverse coded?). Items for “priority” (alpha = 0.53) included: 1) Tend to

avoid places that don’t allow smoking, and 2) when traveling long distances, tend to avoid

traveling by airplane. Items for “tolerance” (alpha = 0.83) included: 1) amount of smoking
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has increased since started smoking, 2) need to smoke a lot more to be satisfied, and 3) need

to smoke much more now before feeling anything. Items for “continuity” (alpha = 0.59)

included: 1) smoke cigarettes fairly regularly throughout the day, 2) smoke same amount on

weekends as on weekdays, 3) smoke same number of cigarettes from day to day, 4) number

of cigarettes smoked per day often changes (reverse coded), 5) number of cigarettes smoked

per day are influenced by other things (reverse coded), and 6) my smoking is not much

affected by other things. Each item ranged in responses from 1 to 5 (“not at all true” to

“extremely true”). Respondents’ sub-scale scores were calculated by averaging items for

each scale, and then converting to standardized units. These standardized scales were then

regressed on study-year as a continuous variable to examine linear changes in trends over

time.

2.2 Moderation

We used linear regression to examine interactions between study year and moderator

variables of interest in association with overall NDSS factor scores as well as scores for

NDSS sub-scales. We examined moderation of linear changes in scores over time by the

following variables: cigarette consumption (< 1–15, 16–25, and 26+ cigarettes per day),

other tobacco product use (any past month use of smokeless tobacco, snuff, cigars, pipe

tobacco, or chew), sex, age categories (12–17, 18–25, 26–34, 35–49, 50–64, and 65+ years) ,

race/ethnicity (Caucasian/European American, non-Hispanic; Black/African American, non-

Hispanic; Native American/Alaska Native, non-Hispanic; Asian/Native Hawaiian/Pacific

Islander, non-Hispanic; other, non-Hispanic, and Hispanic), and income (< $20,000 per

year; $20,000–49,999; $50,000–74,999; and > $75,000). We also examined moderation by

serious psychological distress (SPD), using Kessler’s K6 and standard cut-off scores

(Kessler et al., 2003, 2005). When conducting tests for overall differences between variable

sub-groups, alpha values were Sidak-adjusted to account for multiple testing. Post hoc

comparisons between sub-groups also accounted for multiple comparisons using a Sidak

correction.

3. RESULTS

3.1. Prevalence of smoking and proportion of heavy smokers

The prevalence of current cigarette smoking (100+ cigarettes in a lifetime, smoked at least

once during the past month) consistently declined throughout 2002–2012, from 23.6% to

18.9%. Among those who smoked, the proportion of heavy smokers (25+ cigarettes per day)

also declined, from 8.8% to 5.6%.

3.2. Dependence trends

3.2.1 NDSS differential item functioning over time—Table 1 displays our final

selection of NDSS items, as well as factor loadings (range 0.32 to 0.72) for each item. A

summary of findings for item DIF over time is presented in Table S11. Three items

demonstrated consistent trends over time: 1) “After not smoking for a while, you need to

smoke in order to feel less restless and irritable,” 2) You sometimes have strong cravings for

1Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:…
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a cigarette where it feels like you’re in the grip of a force you can’t control,” and 3)

“Compared to when you first started smoking, you need to smoke a lot more now in order to

be satisfied.” Figure 1 displays the item characteristic curves for this first item (need to

smoke to feel less restless/irritable), 2002–2012 which became indicative of more severe

nicotine dependence over time. A similar trend was found for the symptom “grip of a force

you can’t control.” The opposite trend was found for the item, “need to smoke a lot more

now to be satisfied” – this item became indicative of less severe dependence over time.

3.2.2. Trends for overall nicotine dependence severity, 2002–2012—We found

evidence for a small decline in nicotine dependence severity (Figure 2). The slope for a

linear time variable was −0.005 (95% CI = −0.007, −0.004). Over the study period,

dependence level decreased by approximately 0.05 standardized units. There was no

significant change in variability for the nicotine dependence severity measure over the study

period.

3.2.3 Trends for NDSS sub-scales, 2002–2012—The direction and significance of

dependence severity trends varied over sub-scales. Mean scores for priority and tolerance

decreased over the study period (b = −0.007, 95% CI = −0.009, −0.005; b = −0.008, 95% CI

= −0.010, −0.006 for priority and tolerance, respectively). There was no change for the

continuity or drive sub-scales (p > 0.05).

3.3. Moderation analyses

Overall nicotine dependence severity was moderated by SPD and age, such that declines in

severity were greatest among middle-aged smokers and those without SPD (Table 2). For

the “drive” sub-scale (e.g., craving, smoking to reduce negative affect), the greatest

increases were found among those who smoked 6 to 25 cigarettes per day. Drive increased

among women, but not men, and among those with lower income, but not those with higher

income. Priority (e.g., avoiding situations where smoking is not allowed) decreased among

light smokers, remained constant among moderate smokers, and increased among the

heaviest smokers. Tolerance decreased most among middle aged smokers and those without

SPD. Continuity of smoking throughout the day/week increased among women and

decreased among men. Continuity increased among those with low income but not among

those with high income, and decreased among those without SPD but not among those with

SPD. Continuity also decreased to the greatest amount among smokers aged 50–64 years.

4. DISCUSSION

We did not find evidence of hardening among smokers in the U.S. from 2002–2012. Rather,

nicotine dependence severity declined over this time period. This decline was primarily

driven by symptoms related to priority (e.g., avoiding situations where one cannot smoke)

and tolerance, while there was no evidence of change in drive (e.g., cravings or smoking to

relieve negative affect) or continuity of smoking throughout the day/week. Declines in

dependence severity were greater among those without serious psychological distress than

those with, suggesting growing differences in dependence severity based on mental health

status. Declines in severity were also greatest among middle-aged smokers. Contrary to
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general trends, women and low-income evidenced increased severity for both the drive and

continuity dimensions of nicotine dependence, providing evidence of hardening among these

sub-groups. When stratified by cigarettes per day, smokers in the U.S. exhibited increases in

drive at all levels of nicotine consumption, and increases in continuity in all but the heaviest

smokers.

Declining nicotine dependence severity has also been noted in studies using consumption-

based measures of nicotine dependence (Al-Delaimy et al., 2007; Hyland and Cummings,

2003; O'Connor et al., 2006). These declines may also apply to non-consumption

dimensions of nicotine dependence, suggesting hardening is not occurring at the population-

level. However, declines in dependence were greater among those without serious

psychological distress than among those with serious psychological distress, mirroring

patterns for cigarette consumption (Lê Cook et al., 2014) and suggesting growing

differences in dependence based on mental health status.

Declines in dependence severity were driven by items related to priority (e.g., avoiding

situations where smoking is not allowed) and tolerance. As smoke-free policy becomes

increasingly prevalent smokers may feel less inclined to try to avoid smoke-free places and

rather adapt by reducing cigarette consumption (Hackshaw et al., 2010; Tauras, 2006).

Declines in priority were most evident among the lightest smokers, while moderate smokers

did not change priority, and the heaviest smokers actually increased priority. Increases in

smoke-free policies may be driving the heaviest smokers to avoid greater numbers of

smoke-free locations, although this mechanism is speculative.

Tolerance also declined over the study period. Symptoms of tolerance, as defined in the

NDSS, are endorsed by those consuming greater numbers of cigarettes since they started

smoking, or needing more cigarettes to produce a desired effect. In other words, tolerance is

in essence based on the difference in number of cigarettes per day one originally smoked

and the number of cigarettes per day one currently smokes. If average cigarettes per day

have decreased, one would expect the difference between early smoking and current

smoking to have decreased, and thus NDSS tolerance would have decreased as well. It

follows, then, that tolerance as measured by the NDSS may be a less accurate marker of

dependence in 2012 than 2002. Recent findings from Jarvis et al. (in press) further illustrate

this point. The researchers conducted an investigation of NHANES Data from 1988–2012,

and found that although average cigarettes per day had declined among smokers in the U.S.,

serum cotinine levels had not changed. The authors concluded smokers have compensated

for fewer cigarettes per day by increasing their amount of nicotine intake from each

cigarette. Therefore assessments of tolerance that are based on self-reported changes in

amount of smoking may be increasingly less accurate than those based on biological

markers of actual nicotine consumption.

This study did not find evidence of change over time in drive (e.g., craving, or smoking to

relieve negative affect) or continuity of smoking for the overall population of smokers. In

other words, despite declines in cigarettes per day there was no change in craving, smoking

to relieve symptoms of negative affect, or regularity of smoking throughout the day/week.

This finding explains why item-level analyses showed increased severity over time for
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drive-related items relative to other dependence symptoms (e.g., tolerance/priority), and

why, when stratified by cigarettes per day, each category of consumption exhibited

increased severity of drive and continuity (with the exception of the heaviest smokers for

continuity). Consistent with Jarvis et al. (In Press), this study suggests smokers are

becoming equally dependent on fewer cigarettes per day.

Despite the lack of hardening for the overall population of smokers, there was some

evidence of hardening among specific sub-groups. We found increases in the drive and

continuity dimensions of dependence severity among women, and among low-income

smokers. Women and low-income smokers have a commonality, in that stress and negative

affect are salient factors related to smoking in both groups (Back et al., 2008; McKee et al.,

2003; Perkins et al., 2012, 2013; Saladin et al., 2012; Siahpush et al., 2003; Siahpush and

Carlin, 2006; Weinberger and McKee, 2012). These dimensions of dependence warrant

particular attention, as they are strongly related to difficulty with smoking cessation

(Sledjeski et al., 2007; Sterling et al., 2009). Further, women and low-income smokers had

higher drive and continuity in 2002 than men and higher income smokers, respectively,

indicating that sex and income differences in craving/smoking to relieve negative affect and

continuity of smoking have increased over time.

Changes over time found in this study were small in effect size. Converting standardized

units to percentiles, changes over time were generally in the range of 2–10 percentile points

(results not shown). This does not imply that the effects are not meaningful. Effect sizes in

this range are consistent with those for related tobacco statistics over the same time period,

such as changes in smoking prevalence and consumption levels. Further, when applied

across the entire population of U.S. smokers there may be important public health

implications of changes in the small effect-size range for tobacco use variables (Lightwood

and Glantz, 1997).

There are limitations of this study. Due to the advanced statistical methods applied in these

analyses, we were unable to apply the NSDUH survey weights to our estimates. Thus,

estimates for each individual year may be slightly different than they would be if we had

applied weights. However, the large sample size (over 130,000) suggests that this study’s

conclusions, particularly for trends over time, are indeed representative of the general U.S.

population. As previously noted, it is unclear how our conclusions may have changed with a

more expansive time-period. For example, hardening of the smoking population may have

occurred leading up to 2002, but then tapered off from 2002–2012. The NSDUH sampling

methodology changed over the study period (as outlined in Methods), and it is unclear how

these changes may have influenced the analyses. Our assessment of cigarettes per day was

limited to categories rather than a continuous measure based on available data in the

NSDUH survey. Finally, it is unclear whether these findings extend to treatment-seeking

samples. Previous research suggests that nicotine dependence may be increasing, rather than

decreasing, among cigarette smokers seeking help for quitting (Irvin et al., 2003). Studies on

both population and treatment seeking samples are needed to continue understanding the

changing dimensions of cigarette smoking in the U.S.
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Despite these limitations, the current investigation added to existing literature on nicotine

dependence trends, showing dependence severity did not increase from 2002–2012 among

the general population of U.S. smokers. Particular sub-groups of smokers may warrant

increasing attention: those with poor mental health/psychiatric co-morbidity, women, and

those of low SES. Despite declines in cigarette consumption, smokers may be becoming

equally dependent on fewer cigarettes per day, demonstrating an increasingly greater

disconnect between actual number of cigarettes smoked and level of nicotine dependence

severity, particularly when considering smoking to relieve craving/symptoms of negative

affect, and continuity of smoking throughout the day/week.
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Highlights

• We did not find evidence of increased dependence severity among cigarette

smokers in the U.S., 2002–2012

• Differences in dependence severity based on mental health status grew over the

study period

• Severity of symptoms related to craving, smoking to relieve negative affect, and

continuity (i.e., regularity) of smoking increased among women and low-income

smokers
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Figure 1.
Item characteristic curves (ICC) for the dependence symptom “smoke to relieve restlessness/

irritability,” 2002–2012. Darker lines represent more recent years. The shift to the right over

time demonstrates the symptom became indicative of greater levels of dependence severity

over the study period.
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Figure 2.
Change in nicotine dependence among current cigarette smokers, 2002–2012. Data source:

National Survey on Drug use and Health. ***p < 0.001.

Smith et al. Page 15

Drug Alcohol Depend. Author manuscript; available in PMC 2015 September 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 3.
Severity scores for NDSS sub-scales, 2002 vs. 2012. Drive consisted of items related to

craving and smoking to relieve symptoms of negative affect. Priority consisted of items

related to avoiding situations in which smoking was not allowed. Tolerance consisted of

items related to increased number of cigarettes since stated smoking. Continuity consisted of

items related to regularity of smoking throughout the day and week. Data source: National

Survey on Drug use and Health. ***p < 0.001.
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Table 1

Factor loadings for Nicotine Dependence Syndrome Scale items included in measure of overall nicotine

dependence severity

Symptom

Included in
severity
measure
(yes/no)

Factor
loading:

After not smoking for a while, you need
to smoke in order to feel less restless
and irritable Yes 0.60

When you don’t smoke for a few hours,
you start to crave cigarettes Yes 0.72

You sometimes have strong cravings for
a cigarette where it feels like you’re in
the grip of a force you can’t control Yes 0.56

You feel a sense of control over your
smoking – that is, you can “take it or
leave it” at any time No a

You tend to avoid places that don’t
allow smoking, even if you would
otherwise enjoy them. Yes 0.35

Do you have any friends who do not
smoke cigarettes? No b ---

There are times when you choose not to
be around your friends who don’t
smoke because they won’t like it if
you smoke No b ---

Even if you are traveling a long
distance, you would rather not travel
by airplane because you would not be
allowed to smoke Yes 0.35

You sometimes worry that you will run
out of cigarettes Yes 0.62

You smoke cigarettes fairly regularly
throughout the day Yes 0.72

You smoke about the same amount on
weekends as on weekdays No c ---

You smoke just about the same number
of cigarettes from day to day Yes 0.59

It’s hard for you to say how many
cigarettes you smoke per day because
the number often changes No a ---

It’s normal for you to smoke several
cigarettes in an hour, then not have
another one until hours later Yes 0.32

The number of cigarettes you smoke per
day is often influenced by other things
– how you are feeling, or what you
are doing for example No c ---

Your smoking is not affected much by
other things. For example, you smoke
about the same amount whether
you’re relaxing or working, happy or
sad, alone or with others No a ---

Since you started smoking, the amount
you smoke has increased Yes 0.64

Compared to when you first started
smoking, you need to smoke a lot Yes 0.68
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Symptom

Included in
severity
measure
(yes/no)

Factor
loading:

more now in order to be satisfied

Compared to when you first started
smoking, you can smoke much, much
more now before you start to feel
anything Yes 0.53

a
Not included because of low factor loading (< 0.30)

b
Not included because skip pattern resulted in missing data for a portion of smokers

c
A similar symptom was included in the final measure
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