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Introduction
Smoking is one of the major behavioral contributors to pre-
ventable cause of death worldwide,1 resulting in 4 million 
deaths a year with estimates projected at 10 million by the late 
2020s.2 Even though the smoking rate among US population 
over the age of 15 has consistently decreased from 1998 to 
2013, 13.7% of this population was still current smokers in 
2013 (Figure 1).3

Most smokers who want to quit smoking have little proba-
bility of long-term success due to nicotine dependence and 
withdrawal symptoms.4 Many research studies have reported 
that the time to first cigarette (TTFC) of the day is one of the 
strongest indicators of nicotine dependence.5–8 Nicotine addic-
tion can be analyzed through the Fagerstrom Test for Nicotine 
Dependence (FTND).9 Time to first cigarette is one of the 6 
measures of the FTND.10–12 Furthermore, shorter TTFC is 
considered a risk factor for smoking-related morbidity. Recent 
studies on the relationship between chronic obstructive pulmo-
nary disease (COPD) and TTFC have reported that a shorter 
TTFC associates with an increased risk of COPD.13–15 
Research studies on the association between hypertension and 
TTFC have reported that blood pressure is generally increased 
on waking,16,17 and the nicotine in tobacco can elevate blood 
pressure by approximately 10 to 15 mm Hg for about 30 min-
utes.18–22 Hence, a shorter TTFC after waking can lead to a 
morning elevation of blood pressure. Smokers who smoke a 
cigarette as soon as they get up could experience sharp blood 

pressure changes that bring about blood vessel damage and 
accelerated atherosclerosis.16,23–25 Also, some research studies 
have reported that a shorter TTFC is related to increased risk 
of smoking-related cancers26–30 and high blood cholesterol lev-
els that might lead to cardiovascular disease.31 Even though 
self-reported health is considered a significant predictor of 
morbidity and quality of life,32 little is known about the influ-
ence of TTFC on self-reported health among current smokers. 
Hence, we need more research on this issue from a disease pre-
vention perspective. For this reason, the objective of this study 
was to examine the association between TTFC and self-
reported health among US adult smokers. This research study 
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Figure 1. Smoking trend for US adults (over 15) 1998-2013.
Source: OECD.3 OECD Data: Daily Smokers.
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was an observational study using secondary survey data. 
Compared with experimental studies, observational studies are 
susceptible to selection bias.33,34 To identify a more robust 
measure of the association between TTFC and self-reported 
health, propensity score matching (PSM) is applied in the 
study.

Methods
Procedure and participants

This study used data from the 2012-2013 National Adult 
Tobacco Survey (NATS) (N = 60 192). The NATS is a nation-
ally representative survey for collecting data about tobacco use 
among US adult aged 18 years and older. The NATS was cre-
ated to evaluate the prevalence of tobacco use, as well as the 
factors promoting and impeding tobacco use among adults. 
The NATS was designed as a stratified, national, landline, and 
cell phone survey of noninstitutionalized adults aged 18 years 
and older residing in the 50 states or DC. It was developed to 
yield data representative and comparable at both national and 
state levels. The sample design also aims to provide national 
estimates for subgroups defined by sex, age, and race/ethnic-
ity.35 This study did not require approval from the institutional 
review board because the NATS data are secondary data that 
do not include personal information.

Measures
Time to f irst cigarette

Previous studies have reported that early TTFC (≤5 minutes) 
was associated with increased risk of smoking-related morbid-
ity and higher cotinine level.13,28,36,37 Therefore, TTFC variable 
was converted to a binary index variable (>5 minutes:0, 
≤5 minutes: 1) based on responses to the following item: min-
utes after waking up to first use cigarette/cigars.

Self-reported health

Self-reported health variable was categorized into 5 groups 
(excellent, very good, good, fair, poor) in data set. This variable 
was converted to a binary index variable (treatment group = poor, 
control group = ≥fair), based on responses to the following item: 
Would you say that in general your health is?

Covariates: sociodemographic variables

Sex was categorized into 2 groups (male and female). Age was 
categorized into 2 groups (18-39 and 40+). Race was catego-
rized into 2 groups (white and non-white). The education level 
was categorized into 4 groups (<high school diploma; high 
school diploma; some college, no degree, post high school cer-
tificate or diploma; and bachelor’s degree, master, professional, 
or doctoral degree). The household income level was catego-
rized into 4 groups (<US $20 000, US $20 000-US $39 999, 
US $40 000-US $69 999, ≥US $70 000).

Covariate: smoking behavior variable

There is no formal category and guideline that defines a light 
or heavy smoker now. Amount of smoking per day was catego-
rized into 2 groups (>10 cigarettes a day and ≤10 cigarettes a 
day).

Statistical Analysis
Descriptive statistics

Descriptive statistics with χ2 test (Table 2) and dot chart 
(Figure 4) was presented to summarize the data. Statistical 
analysis was conducted using STATA (version 15.0; StataCorp 
LLC., College Station, TX, USA).

Propensity score matching

Propensity score matching was first suggested by Rosenbaum 
and Rubin in 1983. This statistical method is based on a coun-
terfactual concept and can help reinforce causal arguments in 
observational studies by reducing selection bias.38,39 The pro-
pensity score is a balancing score and can be estimated using 
logistic regression if missing values are deleted in covariates.40 
First, TTFC (>5 minutes: 0, ≤5 minutes: 1) was used as 
dependent variable and sociodemographic/smoking behavior 
variables (sex, age, race, education level, household income 
level, amount of smoking per day) were used as covariates in 
PSM. Second, treatment case (≤5 minutes) is matched with 
control case (>5 minutes) using 1:1 nearest neighborhood 
matching. Finally, relative multivariate imbalance test and 
covariates difference analysis were performed after PSM to 
check the effect of matching. Statistical analysis was conducted 
using SPSS (version 23.0; SPSS Inc., Chicago, IL, USA).

Multivariate logistic regression

Multivariate logistic regression was performed to examine the 
association between TTFC and self-reported health among 
US adult smokers before and after PSM. Independent variable 
was TTFC and dependent variable was self-reported health. 
Sociodemographic/smoking behavior variables including sex, 
age, race, household income, education, and amount of smok-
ing per day were used as covariates in logistic regression model. 
The first logistic regression model was generated based on the 
full sample (prematching sample) of US adult smokers (over 
18). After PSM, the second logistic regression model was gen-
erated based on the reduced sample (postmatching sample) 
containing only those cases included in the matches (Figure 2). 
Statistical analysis was conducted using STATA (version 15.0; 
StataCorp LLC.).

Results
Table 1 shows the results of relative multivariate imbalance test 
before and after matching. Matching leads to identical multi-
variate distributions as we get multivariate imbalance measure 
closer to 0 after matching.41
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First, multivariate imbalance measure is 0.536 which means 
only 46.4% of the density of the 2 histograms (unmatched) in 
Figure 3 overlap before matching. Second, multivariate imbal-
ance measure is 0.356 which means 64.4% of the density of the 
2 histograms (matched) in Figure 3 overlap after matching. 
According to Figure 3, also, the histograms before matching on 
the left differ to some degree. In contrast, the histograms after 
matching on the right are relatively similar. Hence, both Table 
1 and Figure 3 show that matching worked relatively well.41

Figure 4 displays the dot chart of the association between 
mean of TTFC and self-reported health. As shown in Figure 4, 
participants with ≥fair self-reported health had late TTFC 
than those who with poor self-reported health (17.54 minutes 
versus 14.01 minutes).

Table 2 shows the descriptive statistics of current smokers 
with early TTFC and current smokers with late TTFC before 
and after matching. In the prematching sample, there were 
significant differences between samples of early TTFC and 
late TTFC for each of the covariates. In the postmatching 
sample, there were no longer significant differences on all 
observed covariates between early TTFC and late TTFC, as 

shown by the smaller number of variables and larger P value 
for χ2 test.

Table 3 shows the results of the multivariate logistic regres-
sion that determined the association between TTFC and self-
reported health status among US adult smokers in the large 
(prematching) and small (postmatching) samples. The analysis 
using the prematching sample identified a significant associa-
tion (adjusted odds ratio [AOR] = 1.65, P < .001) between 
early TTFC and poor health among US adult smokers after 
adjusting for sociodemographic and smoking behavior varia-
bles in the model. The prematching analysis also showed sig-
nificant associations between poor health and the following 
covariates: sex, age, education level, and household income 
level.

Table 3 also displays the association between TTFC and 
self-reported health among US adult smokers in a small (post-
matching) samples determined through PSM using the 1:1 
nearest neighborhood matching. After adjusting for all covari-
ates in the model, early TTFC remained a significant predictor 
(AOR = 1.60, P < .01) of poor health among US adult smokers. 
The postmatching analysis also showed significant associations 
between poor health and the following covariates: sex, age, race, 
education level, and household income level.

Discussion
This study used PSM to analyze the association between 
TTFC and self-reported health among US adult smokers. 
This study results revealed that compared with current 

Table 1. Relative multivariate imbalance test.

BEfORE MATCHIng AfTER MATCHIng

Multivariate 
imbalance measure

0.536 0.356

Figure 2. Sample flow diagram: national Adult Tobacco Survey (2012-2013).
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smokers with a late TTFC (>5 minutes), those who with an 
early TTFC (≤5 minutes) were associated with increased 
risk of poor health. The association was statistically signifi-
cant even after adjustment for sociodemographic and smok-
ing behavior variables including sex, age, race, education 
level, household income level, and amount of smoking per 
day. Numerous previous research studies reported that 
shorter TTFC is considered a risk factor for smoking-
related morbidity such as COPD,13–15 hypertension,16,23–25,42 
smoking-related cancers,26–30 and high blood cholesterol 

level.31 This study found that shorter TTFC is also associ-
ated with increased risk of poor self-reported health. Self-
reported health status is a significant indicator of morbidity 
and has been turned out to be a stronger predictor of quality 
of life outcomes than other measures of morbidity.32 
Gathering self-reports is more cost-effective and it can 
potentially be more perfect than a medical record review.43 
Hence, poor self-reported health status among current 
smokers with early TTFC can be a useful predictor for 
smoking-related morbidity. There are several feasible mech-
anisms through which shorter TTFC increases risk of poor 
health. The early TTFC smokers may have inhaled more 
deeply and promptly to make up for nicotine insufficiency 
in the morning immediately after getting up and this behav-
ior can be severely influence the cardiovascular system.19,44 
Also, blood pressure is generally elevated on waking16,17 and 
cigarette smoking can be independently associated with 
hypertension.18–22 Early TTFC-related high blood pressure 
may induce blood vessel damage that can be lead to increased 
risk of atherosclerosis, cerebrovascular disease, and cardio-
vascular disease.16,23–25,42 Therefore, the early TTFC smok-
ers with poor self-reported health should be encouraged to 
quit smoking. However, most smokers who want to quit 
smoking have little chance of long-term success due to nico-
tine dependence and withdrawal symptoms such as depres-
sion, nicotine dependence, and irritability.4 If quitting 

Figure 3. Histograms of propensity score before and after matching.

Figure 4. Dot chart of the association between mean of time to first 

cigarette (TTfC) and self-reported health among US adult smokers.
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smoking in a short period of time is difficult for them, they 
should be educated to postpone lighting their first morning 
cigarette. Carefully designed late TTFC guideline or mass 
media campaigns that highlight the benefits of stopping 
early TTFC may contribute to the reduced early TTFC 
among current smokers.

Results of this study should be considered in light of several 
limitations. First, although this study used PSM to control 
selection bias; there were still biases in the study. This is because 
it is impossible to eliminate all biases that potentially may have 
been introduced by confounders that were not measured in the 
2012-2013 NATS. Second, the temporal causal relationship 
between TTFC and self-reported health cannot be determined 
because the study design is cross-sectional. Therefore, follow-
up studies using prospective longitudinal and randomized con-
trolled research design need to verify the findings of this study. 
Third, this study only included amount of smoking per day as 
a smoking behavior covariate, excluding other smoking behav-
ior variables because of a number of missing values. Finally, this 
study could not apply weighting adjustment method to data 
analyses.

Conclusions
Despite the above limitations, this study demonstrated the 
worth of identifying the association between early TTFC and 
poor health among US adult smokers. Also, this finding pro-
vides clinical implications to prevent smoking-related morbid-
ity among early TTFC smokers. Methodologically, this study is 
significant in the sense that it was a first attempt to apply PSM 
to analyze the association between TTFC and self-reported 
health among US adult smokers. The PSM method employed 
in this study yielded a more accurate estimate of the effects of 
early TTFC on poor health. In conclusion, smokers with early 
TTFC were associated with elevated risk of poor health in the 
United States. Although the US government raises about US 
$25.8 billion a year in cigarette taxes from smokers,45 the total 
economic costs of cigarette smoking in the United States is 
about US $300 billion a year including about US $170 billion in 
direct treatment costs and about US $156 billion in reduced 
productivity due to poor health and premature death.46 In con-
sideration of the social and health implications of early TTFC, 
public health authorities need to increase their efforts to reduce 
early TTFC among US adult smokers.

Table 2. Descriptive statistics of covariate imbalance before and after matching on the propensity score.

COvARIATES: nO. (%) PREMATCHIng SAMPLE (n = 3323) POSTMATCHIng SAMPLE (n = 2132)

 >5 MIn ≤5 MIn P vALUE >5 MIn ≤5 MIn P vALUE

Total 2257 (67.9%) 1066 (32.1%) 1066 (50.0%) 1066 (50.0%)  

gender Male 1130 (50.1%) 526 (49.3%) .710 544 (51.0%) 526 (49.3%) .462

female 1127 (49.9%) 540 (50.7%) 522 (49.0%) 540 (50.7%)

Age 40+ 1739 (77.0%) 798 (31.5%) .175 779 (16.2%) 798 (14.3%) .374

18-39 518 (23.0%) 268 (25.1%) 287 (38.6%) 268 (38.6%)

Race White 1691 (74.9%) 757 (71.0%) .018 761 (71.4%) 788 (73.9%) .206

non-white 566 (25.1%) 309 (29.0%) 305 (28.6%) 278 (26.1%)

Education level ≥Bachelor’s degree 789 (35.0%) 301 (28.2%) <.001 318 (29.8%) 301 (28.2%) .619

Some college, no degree 454 (20.1%) 210 (19.7%) 204 (19.1%) 210 (19.7%)

High school 750 (33.2%) 366 (34.3%) 375 (35.2%) 366 (34.3%)

<High school 264 (11.7%) 189 (17.7%) 169 (15.9%) 189 (17.7%)

Household 
income level

≥US $70 000 529 (23.4%) 164 (15.4%) <.001 173 (16.2%) 164 (15.4%) .876

US $40 000-US $69 999 623 (27.6%) 256 (24.0%) 242 (22.7%) 256 (24.0%)

US $20 000-US $39 999 652 (28.9%) 351 (32.9%) 357 (33.5%) 351 (32.9%)

<US $20 000 453 (20.1%) 295 (27.7%) 294 (27.6%) 295 (27.7%)

Amount of 
smoking per day

≤10 cigarettes 750 (33.2%) 226 (21.2%) <.001 217 (20.4%) 226 (21.2%) .669

>10 cigarettes 1507 (66.8%) 840 (78.8%) 849 (79.6%) 840 (78.8%)
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