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Abstract

Introduction—For years, national U.S. surveys have consistently found a lower cigarette
smoking prevalence among non-Hispanic (NH) black adolescents and young adults than their NH
white counterpart while finding either similar or higher smoking prevalence in NH blacks among
older adults. Because these surveys do not collect biomarker information to validate smoking self-
reports, we also present results from the National Health and Nutrition Examination Survey
(NHANES), which collects cotinine (a nicotine biomarker) to determine if U.S. surveys
consistently show racial differences in smoking prevalence.

Methods—We present NH black and NH white current smoking estimates in the Youth Risk
Behavior Survey (2001-2013), National Youth Tobacco Survey (2004-2012), National Survey on
Drug Use and Health (2002-2012), National Health Interview Survey (2001-2013), and NHANES
(2001-2012).

Results—Using cotinine by itself or with self-reports to compare smoking prevalence between
NH black and NH white males aged 12 — 25 years, no difference in current smoking was found.
For male adult =26 years, all surveys consistently found a higher smoking prevalence among NH
blacks. For females aged 12 — 25 years, all surveys found a higher smoking prevalence among NH
whites. While inconsistent results across surveys were found for those aged =26 years, cotinine
results showed a higher smoking prevalence among NH black females.

Conclusion—Some racial differences in self-reported smoking are not confirmed when
supplemented with serum cotinine to detect current cigarette smokers. Improving the measurement
of current smoking is important to accurately evaluate racial smoking differences.
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INTRODUCTION

Over a decade, national U.S. surveys based solely on self-reported information have
consistently found an overall lower prevalence of cigarette smoking among Non-Hispanic
(NH) black adolescents compared to NH white adolescents.:2 The Youth Risk Behavior
Surveillance System (YRBSS) reported prevalence of past month cigarette smoking among
NH black adolescents in 2013 as 8.2% (95% Confidence Interval [CI] 6.3-10.7%), which is
less than half that of NH white adolescents (18.6%, 95%CI 15.7-21.9%).3 Similar patterns
have been observed for young adults in other surveys. For example, data from the 2013
National Survey on Drug Use and Health (NSDUH) showed that current cigarette smoking
among young adults aged 18 — 25 was more prevalent among NH whites than NH blacks
(35.8% vs. 23.9%).* Similarly, in 2013, the National Health Interview Survey (NHIS)
showed that the prevalence of cigarette smoking among NH white adults aged 26 years or
older was 18.7% compared to 19.5% among NH blacks (unpublished data, the data are
available at http://www.cdc.gov/nchs/nhis/nhis_2013 data_release.htm).

A number of factors have been offered to explain the lower smoking prevalence in NH black
youth, including parental and peer influence not to smoke, sports involvement, attendance at
religious services, and the cost of cigarettes.1>-11 National surveys have traditionally
estimated smoking prevalence using self-reports, which are considered generally accurate,
however, the specific current smoking prevalence varies across surveys.812-18 Fyrthermore,
several national surveys use differing definitions of current smoking status, use different
interview settings, mode of survey administration, time of the year when the survey is
administered, and other differences between surveys exist which may contribute to varying
prevalence estimates.19-21 For example, school interviews, especially those that are
anonymous, provide higher current smoking prevalence estimates among youth than
household interviews.22

Cotinine, a biomarker of nicotine intake or exposure, is sometimes used to detect cigarette
smokers who recently smoked and deny having smoked.23 However, because the half-life of
serum cotinine is about 16—20 hours, as well as the fact that a substantial proportion of
adolescents who smoke do not do so on a regular basis (intermittent smokers) as well as a
small proportion of adult cigarette smokers (20% — 30% of adults smokers are non-daily
smokers), cigarette smoking in the past 30 days may not be able to be detected by serum
cotinine levels.24:25 Thus, even though cotinine levels (blood, saliva, urine) can be used to
detect active tobacco use (including cigarette smoking) in the past few days, it is not a gold-
standard method to detect cigarette smoking in a longer time period (past 30 days),
especially for those who do not smoke frequently where cotinine levels may have not
achieved a steady-state. Still, surveys such as NHANES that in addition to smoking self-
reports (smoking every day or some days) also collect serum cotinine data can help provide
a more complete understanding of current prevalence of cigarette smoking in the United
States.

To determine if the differences in current cigarette smoking prevalence observed between
NH blacks and NH whites in the U.S. are consistent when using smoking self-reported
information as well as cotinine data, we present current smoking information for NH blacks
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and NH whites by gender and age group in the 2001-2012 NHANES, 2001-2013 YRBSS,
2004-2012 National Youth Tobacco Survey (NYTS), 2002-2012 NSDUH, and 2002-2013
NHIS.

METHODS

Surveys and Samples

The NHANES is conducted by the U.S. National Center for Health Statistics (NCHS),
which is part of the Centers for Disease Control and Prevention (CDC). The survey, which
began in 1960, is unique, in that it combines interview questions with physical examinations
to evaluate the health and nutritional status of children and adults in the US. Since 1999,
NHANES has been conducted continuously, with data released in two-year increments.
Approximately 5,000 civilian non-institutionalized individuals <1 year or older participate
annually. Participation in the survey is voluntary and confidential. Participants receive
reports of study findings and a small incentive for participation. Respondents who are 20
years or older participate in an in-home face-to-face computer-assisted personal interview
conducted by a trained professional. The interview is followed by a standard physical
examination which on average takes place about 2 weeks later, including collecting blood
and urine specimens at a mobile examination center (MEC). At these centers, adolescent
respondents (12 — 19 years old) provide health information in an audio computer-assisted
self-interview in a private environment, including tobacco use information by private (no
face-to-face) computer assisted self-administered questionnaires. Testing for cotinine levels
in serum is conducted the same day of the tobacco use interview. More details about survey
methodology can be found at http://www.cdc.gov/nchs/nhanes.htm.

The NHIS, like NHANES, is a large data collection program of the NCHS at CDC. Since
1957, it has provided data on trends in diseases, disability, and national health objectives.
Respondents of the NHIS are non-institutionalized civilians aged =18 years residing in the
US sampled using a multistage probability design. Participation is voluntary and a private
computer assisted personal interview is conducted by trained professionals in respondents’
homes. There is no incentive for participation. NHIS data on smoking are self-reported by
respondent. More survey information is available at http://www.cdc.gov/nchs/nhis.htm.

The YRBSS is sponsored by CDC and the NYTS is sponsored both by CDC and FDA. They
are anonymous, voluntary, school-based surveys that use self-administered paper-and-pencil
questionnaires. Efforts are made to make the survey as private as possible in the conditions
of a classroom, e.g. spreading the desks apart, covering responses with a piece of paper, etc.
Participants are not incentivized to take either survey.

The YRBSS is a biennial ongoing survey monitoring six health-risk behaviors that can lead
to death and disability in youth and adults: injuries; sexual behaviors leading to unintended
pregnancy and sexually transmitted infections, including HIV; alcohol and illegal drug use;
tobacco use; unhealthy diet; and inadequate physical activity. The survey targets public and
private high school students (9t—12t" grades). Students in grades 9" — 12t are mainly
between the ages of 14 and 18 years of age. Data are available biennially from 1991 to 2013.
Further details are available at http://www.cdc.gov/Healthy Y outh/yrbs/index.htm.
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The NYTS collects national data on key indicators for designing, executing, and evaluating
programs to prevent and control tobacco use. The survey measures tobacco-related beliefs,
attitudes, behaviors, access to tobacco, exposure to second-hand smoke and tobacco-related
influences, as well as demographic data. The survey’s respondents are both public and
private middle (grades 6 — 8™) and high school (9t — 12t) students from a nationally
representative sample. Students in grades 6™ — 8! are mainly between the ages 11 and 13
years while students in grades 9" — 12t are mainly between the ages of 14 and 18 years.
Data are available for 1999, 2000, 2002, 2004, 2006, 2009, 2011, 2012, and 2013. Survey
data and methodology are presented at http://www.cdc.gov/tobacco/data_statistics/surveys/
nyts/index.htm.

The NSDUH is sponsored by the Substance Abuse and Mental Health Services
Administration (SAMHSA). The data has been collected from 70,000 randomly selected
persons aged 12 and older every 2-3 years since 1971 and annually since 1990. At present
time, it is a private confidential audio, computer-assisted self-interview provided at home
after a previous household screening interview. Since 2002, each participant received
monetary incentive to complete the survey. The survey focuses on tobacco, alcohol and
illegal substances assessing levels and patterns of use, tracking trends, gauging
consequences, and identifying risk groups for the substances consumption and abuse. Most
NSDUH survey results are provided for 3 different age groupings: 12 — 17 years old, 18 — 25
years old, and =26 years old. More information about NSDUH is available online at https://
nsduhweb.rti.org/respweb/homepage.cfm.

More surveys information for each survey can be found in the Supplementary Materials.

For this study we have used data available for each survey between 2001 and 2013:
NHANES 2001-2012, NHIS 2001-2013, NYTS 2004-2012 (2013 NYTS data were not
available at the time of this analysis), YRBSS 2001-2013, and NSDUH 2002-2012. The
Monitoring the Future Survey, a school-based survey of U.S. students in grades 8, 10th,
and 12! was not included because the authors were not able to have access to the data on
time in a way it was comparable (age, race, gender, proper weights) to the other surveys in
this study. The specific years of data included vary by each surveys’ methodology and data
collection years (i.e., YRBSS is collected every other year). To ensure the analysis are
precise enough (big enough sample size) when using NHANES data and stratifying the
results by race, gender, and age group, a decision was made to use years 2001 — 2012
(2013-2014 not yet available for NHANES). Of all surveys analyzed here, the NHANES is
the survey with the smallest sample size for every 2-years worth of data (NHANES only
collects data every 2 years in about 15 — 30 U.S. primary sampling units). To ensure that the
NHANES data were representative of the U.S. non-institutionalized civil population in a
way to compare its results to that of other larger sample-size surveys, the authors decided to
select a large span of years (2001 — 2012) for this study.

Analyses were restricted to NH white and NH black persons only, thus, estimates presented
in this manuscript are not identical to previously reported current smoking estimates by each
survey for the whole U.S. non-institutionalized population (these surveys include current
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smoking estimates for all races in their reports). We compared cigarette smoking prevalence
between NH whites and NH blacks by gender and age groups. We defined the age groups as
follows: 12-17, 18-25, and 26 years or older. Because high school students from the YRBS
surveys are mainly 14-18 years old, the students from the NYTS (middle and high school)
are mainly between the ages of 11-18 years, and a specific group of respondents from the
NSDUH surveys are between the ages of 12 and 17 years, we did not only compared across
surveys those aged “12 — 17” years old, we also re-analyzed our comparisons (current
smoking estimates) limiting it to only those aged 14 — 17 years in all 3 surveys. Racial
differences in current smoking were consistent when results were limited to only 14 — 17
years even though the specific current smoking point estimate prevalence changed some.

Current cigarette smoking—A person was defined as a current cigarette smoker based
on the questions used by each survey, thus, the definition of a current cigarette smoker is not
the same in each survey. Each survey has screening questions identifying current cigarette
smokers; survey participants with negative responses to these screening questions are not
asked further questions related to cigarette smoking. YRBSS, NYTS, and NSDUH ask about
cigarette smoking in the past 30 days. In these surveys a current cigarette smoker is defined
as having smoked =1 day in the past 30 days. In contrast, NHIS and NHANES ask if the
respondents ever smoked 100 cigarettes in a lifetime and among those who answered yes,
asked them if they now smoke every day, on some days, or not at all. Current smoking for
NHIS and NHANES samples was defined as those who now smoke every day or on some
days. Specific screening criteria and questions for each survey can be found in the
Supplementary Materials.

Three current cigarette smoking measures using NHANES 1) Self-reported current
smoking, 2) current smoking using serum cotinine levels of >10.0 ng/mL as a
biomarker of active smoking, and 3) a combination of self-reported current
cigarette smoking or serum cotinine levels of >10.0 ng/mL to define a current
smoker

For the NHANES survey, an adult was defined as a current smoker if: 1) they reported
having smoked 100 cigarettes in their lives and having smoked every day or some days, 2) if
their serum cotinine level was above 10.0 ng/mL, or 3) they reported having smoked 100
cigarettes in their lives and having smoked every day or some days or if their serum cotinine
level was above 10.0 ng/mL. An adolescent was defined as a current smoker if: 1) they
reported having smoked =1 days in the past 30 days, 2) if their serum cotinine level was
above 10.0 ng/mL, or 3) they reported having smoked =1 days in the past 30 days or if their
serum cotinine level was above 10.0 ng/mL.

Persons aged 12 years or older who reported not using cigarettes but using other tobacco
products or using nicotine replacement medications were excluded from the analysis in
order for them not to be mistakenly misclassified as cigarette smokers if their cotinine
concentration was >10.0 ng/mL.

All data analyses were performed in SUDAAN using procedures appropriate for each
survey’s sample design. Multiple years of data were combined for each survey and weighted
according to each survey’s analytical guidelines. Records with missing data were excluded
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from the analyses. We have estimated weighted prevalence of cigarette smoking, 95%
confidence intervals and statistical significance of the estimate differences (p-value).

RESULTS

Table 1 shows sample size and percent distributions for NH white and NH black
respondents by gender and age for the five national surveys included in this study for
aggregated years between 2001 and 2013. Sample sizes of respondents (smokers and non-
smokers) ranged from 27,987 (NHANES) to 469,482 (NSDUH).

Figure 1 shows the prevalence of current cigarette smoking for NH black and NH white
respondents aged 12 — 17 years old by gender for the aggregated years available for each
survey as well as their 95% confidence intervals and p-value for racial differences. For girls
aged 12 — 17 years old, all surveys, including when cotinine validation was used, found a
large difference in cigarette smoking between NH blacks and NH whites. NH whites had a
much higher current smoking prevalence (p<0.01) than NH blacks. For boys aged 12 — 17
years old, all surveys using self-reports (including NHANES) found that NH whites had a
higher current smoking prevalence than NH blacks, however, when cotinine by itself or in
conjunction with self-reports was used, no racial difference (p=0.41 and p=0.07,
respectively) in cigarette smoking was found. As previously stated, because there was a
concern about YRBS being a high school survey with the majority of respondents aged 14 to
17 years, we also did the analysis limiting the comparison age to those 14 — 17 years old; the
results did not change.

Figure 2 shows current cigarette smoking prevalence for males and females aged 18 — 25
years by race. In young adult females, self-report-based surveys showed higher smoking
prevalence among NH whites than NH blacks (p<0.05, but mostly p<0.01). In young males,
all surveys using self-reports (NHANES included) found that NH whites had a higher
current smoking prevalence than NH blacks, however, when cotinine by itself or in
conjunction with self-reports was used, no racial difference (p=0.21 and p=0.11,
respectively) in cigarette smoking was found.

Figure 3 shows cigarette smoking prevalence for NH white and NH black adults aged 26
years or older. For adult women aged =26 years, while NSDUH (p=0.04) and NHIS
(p<0.01) found that NH whites had a higher smoking prevalence than NH blacks, however,
the NHANES self-reports found no difference in cigarette smoking (p=0.35) while
estimating current smoking with cotinine levels only (p<0.01) or self-reports in conjunction
with cotinine levels (p<0.01) found a higher smoking prevalence among NH blacks. As for
men aged =26 years, all surveys c found a higher smoking prevalence among NH blacks
(p<0.01).

DISCUSSION

The findings from this study confirm that NH black girls” adolescents have a lower cigarette
smoking prevalence when compared to their NH white counterparts.! In terms of adolescent
boys, even though surveys based on self-reports have reported that NH black boys have
lower smoking prevalence than NH white boys, this finding was not corroborated
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statistically when using the biomarker cotinine to confirm current smoking. While the
magnitude of the higher smoking prevalence among NH whites than NH black adolescents
was in the range of 50% (12.8 % vs. 8.3% respectively in NYTS) to 80% (11.6% vs. 6.4%
respectively in NSDUH) in surveys only using self-reports, the higher smoking prevalence
among NH whites than NH black adolescents was of a smaller magnitude of 10% to 20%
percent when using cotinine only or self-reports or cotinine. This smaller difference did not
attain a statistical significant difference even though the point smoking prevalence estimate
was still higher for NH whites than NH blacks. Regardless of the statistical test result, it is
clear that the difference in current smoking between NH black and white adolescents is
much wider girls that it is for boys.

Similar to differences to current smoking between NH black and NH white adolescent girls,
statistically significant differences in a magnitude of 30% to 90% was found for young
women aged 18 — 25 years, with NH whites having a higher smoking prevalence. Still,
different to those aged 12 — 17 years where the prevalence of smoking was in the range of
3% to 23%, for young adults it was much higher, in the range of 17% to 39%. For young
adult males, once again a similar observation to that of adolescent boys was observed in that
self-reported surveys found a higher smoking prevalence among NH whites than NH blacks
in a magnitude of 40% to 50% while when using cotinine it was in the range of 10%, not
enough to be statistically significant. Still, even when not significant, the point estimate for
smoking was higher for NH whites than NH blacks.

For female adults aged =26 years, while NSDUH and NHIS show about a 10% higher and
significant smoking prevalence among NH whites than NH blacks, NHANES self-reports
show a non-significant 6% higher smoking prevalence among NH blacks than NH whites,
and cotinine by itself or self-reports or cotinine estimates found a 20% significant higher
smoking prevalence among NH blacks than NH whites. Among male adults aged =26 years,
all estimates clearly pointed of a higher smoking prevalence among NH blacks than NH
whites.

The validity of self-reported cigarette smoking information has been extensively studied
over the years.6:19.26-29 |n 4 study of factors that affect the accuracy of self-reported
smoking status among youth, Brenner and colleagues explained that these factors can be
categorized as cognitive (internal) and situational (external).8 Cognitive factors include not
understanding the meaning of the question, not being able to remember the time period for
which the question is asked, and not being able to provide an accurate response. Situational
factors include the setting (i.e., school, home) where the survey is conducted, the method of
survey administration (i.e., self-administered or interviewer-conducted), social desirability
of the behavior in the community (i.e., cigarette smoking seen as a grown-up behavior), and
the perception of the privacy and/or confidentiality of the responses. Some of these factors
may explain some of the discrepancies in the survey smoking prevalence results.

For young adults aged 18 — 25 years, differences in self-report smoking estimates were also
observed between surveys, even though adults are legally able to buy and use cigarettes.
Still, social stigma may influence self-reports of cigarette smoking. The NHANES cotinine
only data showed a higher smoking prevalence than that reported in the NHIS and the
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NSDUH. Among adults aged 26 years or older, all surveys consistently showed that NH
black men had higher smoking prevalence than NH white men. However, among women
aged 26 years or older, NHANES cotinine data showed NH black women having a higher
smoking prevalence while NSDUH and NHIS based on self-reported information only found
a higher smoking prevalence in NH white women. Thus, inaccuracies in self-reported
cigarette smoking seem to apply for some adults as well as adolescents.

Finally, neither self-reports nor current smoking assessed using biomarkers such as serum
cotinine are completely accurate. Using serum cotinine to detect active smoking is only
highly sensitive for the past few days (1 to 5 days) since last smoked, while self-reported
measures of current smoking are designed to capture cigarette smoking for a longer period
of time +(either for the past 30 days or “every day” or “some days”). It is possible that in the
future cotinine hair or other methods are developed that will provide a standardized external
validity measure for current smoking over a longer period of time than serum, saliva, or
urine cotinine. However, more research would be needed before cotinine hair analysis can
be deemed reliable and valid.30:31

Our presentation of current cigarette smoking status using several surveys estimates has
some limitations. As previously mentioned, differences exist between surveys with regard to
the definition of current cigarette smoking, the setting where the interview was conducted,
the mode of the survey administration, incentives provided for participation, the time of the
year when the data were collected, as well as differences on data collection of other
substances and other tobacco products and nicotine medications. Second, it is possible that
some users of other tobacco products and nicotine replacement medications who did not use
cigarettes may have forgotten or denied having done, in this case they will have mistakenly
be classified as current cigarette smokers who denied smoking if their serum cotinine levels
where above the selected cut-off. If so, this could result in higher current smoking estimates
in NHANES than in other self-reported surveys and may have also resulted in higher racial
differences (NH whites vs. NH blacks) if there were racial differences in such miss-
reporting. Third, not all surveys used in this study collected the information during
comparable years (annually). By aggregating 12 or 13 years’ worth of data we attempted to
reduce variability in the current smoking estimates. Fourth, there is a possibility that
differences in cotinine metabolism by race and gender may have biased some of the results.
However, we replicated our analyses using Benowitz and colleagues?? specific cotinine cut-
off points that take race, gender, and age into consideration and the results did not change.
Finally, in 2012, the most recent year of NHANES data used in this analysis, information
about electronic nicotine delivery systems such as e-cigarettes and other tobacco products
such as hookah use was not collected. Users of these or other tobacco products who did not
smoke cigarettes would have been mistakenly classified as “cigarette smokers” when they
did not smoke cigarettes.

CONCLUSION

Some racial differences in self-reported smoking are not confirmed when supplemented with
serum cotinine to detect current cigarette smokers. Improving the measurement of current
smoking is important to evaluate racial smoking differences. Improving the measurement of
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current cigarette smoking status is important to accurately evaluate racial-ethnic variations
in current cigarette smoking status.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Cigarette smoking prevalence and 95% confidence intervals among 12 — 17 years old by

gender and race in four U.S. national surveys.
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Figure 2.

Cigarette smoking prevalence and 95% confidence intervals among 18 — 25 years old by
gender and race in three U.S. national surveys.
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