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Aims: To examine the correlation between smoking status and different domains of

cognitive function in elderly Americans.

Methods: We used data from the 2011 to 2014U.S. National Health and Nutrition

Examination Survey (NHANES). Participants over 60 years with available smoking history

and cognitive function data were enrolled in our analysis. The NHANES study included

the Consortium to Establish a Registry for Alzheimer’s Disease (CERAD) assessment,

the Animal Fluency Test (AFT), and the Digit Symbol Substitution Test (DSST) to

assess cognition. Multivariate regression analyses were used to estimate the association

between cigarette smoking and cognitive function.

Results: A total of 2,932 participants were enrolled in the analysis, including 372 (12.7%)

current smokers, 1,115 (38%) former smokers, and 1,445 (49.3%) never smokers. Never

smokers had in average 3.82 (95% CI, 2.21 to 5.43) points more than current smokers

in the DSST, whereas former smokers had 3.12 (95% CI, 1.51 to 4.73) points more than

current smokers. Besides, smoking was not associated with the results of the AFT or the

CERAD test.

Conclusions: This study suggests that cigarette smoking is associated with processing

speed among the American elderly.

Keywords: cigarette smoking, NHANES, older adults, cognitive function, processing speed

INTRODUCTION

Due to the marked aging of the world’s population, the incidence of dementia has increased rapidly.
TheWorld Alzheimer Report 2015 predicted that nearly 131.5 million people will have dementia by
2050, which represents an enormous societal challenge (1). To date, there is no effective treatment
for dementia.

As one of the biggest global public health challenges, tobacco is a potential lifestyle related to
dementia. The evidence from epidemiological and experimental studies suggests that smoking may
increase the risk of dementia and cognitive decline (2–10). In contrast, it appears that quitting
smoking at any age reduces dementia risk. Researchers have found that smoking cessation for
more than 4 years substantially reduces dementia risk over the next 8 years (HR 0.9, 95% CI 0.7
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to 1.0) (11). Thus, the guideline for preventing dementia
suggests avoiding smoking initiation and encourages smoking
cessation (12).

Considering that cognitive dysfunction precedes dementia,
it is essential to investigate the relationship between smoking
and cognitive function. Researchers have found that small doses
of nicotine have a short-time beneficial effect on cognitive
performance, while long-term smoking leads to cognitive
impairment (13). Besides, several studies have reported that
quitting smoking has a beneficial effect on cognition in late life
(7, 14, 15). However, little is known about the association of
cigarette smoking and different domains of cognitive function
in the American elderly. Therefore, this study aimed to examine
the correlation between cigarette smoking and cognitive function
across a range of domains.

MATERIALS AND METHODS

Study Population
The NHANES is an ongoing survey designed by the U.S.
National Center for Health Statistics (NCHS) to assess adults’
and children’s health and nutritional status. The NCHS Research
Ethics Review Board approved the NHANES protocol, and
all participants provided informed consent. More details of
the NHANES data or the survey design are available from
the center’s official website (https://wwwn.cdc.gov/nchs/nhanes/
tutorials/default.aspx).

We combined 4 years of data (2011–2014) for this study. In
our research, 3,632 aged 60 years and older were eligible because
cognitive assessments were only administered in this age range.
In addition, 2934 subjects completed all domains of cognitive
tests. After further excluding participants with the incomplete
value for cigarette using data, 2,932 participants were enrolled in
this survey (Figure 1).

Cigarette Smoking Habits
Participants were classified as never smokers (never smoked or
smoked <100 cigarettes in life), former smokers (smoked more
than 100 cigarettes in life and quit smoking), and current smokers
(smoked more than 100 cigarettes in life and are currently
smoking). Among the former smokers, 45 cases reported the
time since smoking cessation in days/weeks/months, and we then
transformed this information into years.

Assessment of Cognitive Function
For the NHANES study, cognitive function was assessed with the
Word learning and recall modules developed by the Consortium
to Establish a Registry for Alzheimer’s Disease (CERAD), the
Animal Fluency Test (AFT), and the Digit Symbol Substitution
Test (DSST) (16, 17).

The CERAD Word Learning subtest (CERAD W-L) is
designed to assess immediately and delayed learning abilities
for new verbal information, a component of the memory sub-
domain. The test consists of three consecutive learning trials
(Immediate word recall test, IWRT) and one delayed recall
trial (Delayed word recall test, DWRT). For the learning trials,
participants read out loud 10 unrelated words and then had to

recall immediately as many words as they could. The order of
the ten words changed for each trial. After completing the other
cognitive tests (AFT and DSST), the delayed word recall measure
was administered.

During the AFT, participants had to name as many animals
as possible within a minute. Participants earned points for each
correctly named animal. A practice test in which participants
were asked to name three items of clothing was first conducted
in the NHANES before the main test was completed.

The DSST is a reliable instrument to evaluate processing speed
and executive function (18). Participants were given a piece of
paper with a key that paired numbers and symbols. Next, they
were asked to draw the corresponding symbols adjacent to the
numbers within 2min. The score was the total number of correct
matches, ranging from 0 to 133.

Covariates
According to previous research studies, we investigated a group
of potential confounding factors, which included sex, age,
ethnicity, education, marital status, body mass index (BMI),
drinking habits (as measured by the question “Have you had at
least 12 alcoholic drinks of any type in any given year?”), physical
activity, depression (9-item Patient Health Questionnaire),
and self-reported history of diseases (hypertension, diabetes,
coronary heart disease, and stroke).

Statistical Analysis
Primary sampling units (clusters), strata, and sampling weights
were considered in the analyses to account for the complex
sampling design of the NHANES. The original sample weight
WTMEC2YR divided by two was used as the new sample weight
because we combined two cycles of the NHANES data (19).
Weighted mean (SE) was calculated to describe continuous
variables, and weighted frequencies (%) (SE) were used to express
categorical variables. The baseline characteristics of different
groups of smoking status were analyzed using one-way ANOVA
(normal distribution), non-parametric tests (in cases of non-
normal distribution), and the chi-square test (for categorical
variables). The cognitive function score was normally distributed
and did not require transformation. We used multivariable linear
regression models to examine the relationship between smoking
and cognitive function. Model 1 was adjusted for sex, age,
ethnicity, education, and marital status. Model 2 was additionally
adjusted for BMI, drinking, physical activity, and depression
severity. Model 3 was adjusted for model 2 plus history of
diseases (hypertension, coronary heart disease, stroke, diabetes).
The potential confounders were in line with the literature (7, 20).

Additionally, we ran a multivariable logistic regression
analysis between smoking and low DSST performance to
demonstrate its practical significance. DSST scores were stratified
by age groups (60–69, 70–79, ≥80), then the lowest quartile of
each group was used as a cut-off to define lowDSST performance.
Accordingly, the cut-off values were 37, 31, and 27 for the three
age groups. This approach was consistent with the previously
published literature (21).
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FIGURE 1 | Flow chart of the enrolled participants. The bold values are the number of participants.

All analyses were performed with the statistical software
package R 3.3.2 (http://www.R-project.org, The R Foundation).
The level of significance was defined as P < 0.05 (2-sided).

RESULTS

Baseline Characteristics of Participants
Table 1 shows the participants’ characteristics according to
smoking status. A total of 2,932 participants were analyzed
in this study, including 372 (12.7%) current smokers, 1,115
(38%) former smokers, and 1,445 (49.3%) never smokers. Never
smokers were more likely to be women, more educated, and free
of stroke or coronary heart disease. In contrast, current smokers
were more likely to be younger, thinner, less educated, have lower
intensity of recreational activity, more depressed, and current
drinkers. Former smokers were more likely to have suffered from
hypertension or diabetes than both current and never smokers.

Univariate Linear Regression Analysis
The results showed that age, sex, ethnicity, education level,
marital status, drinking, physical activity, depression, and
history of diseases (hypertension, coronary heart disease,
stroke, diabetes) were associated with cognitive function (see
Supplementary Table S1 in the Appendix).

Multivariate Linear Regression Analysis
Between Smoking Status and Cognitive
Function
Table 2 shows the association between smoking status and
different domains of cognitive function, with current smokers
being used as the reference group. In the fully adjusted model,
never smokers had in average 3.82 (95% CI, 2.21 to 5.43) points
more than current smokers in the DSST, whereas former smokers

had 3.12 (95%CI, 1.51 to 4.73) pointsmore than current smokers.
Further, smoking status was not correlated with the scores of the
AFT, DWRT, or IWRT, corresponding to different domains of
cognitive function.

Multivariate Linear Regression Analysis
Between Smoking Cessation and DSST
Test
Table 3 shows the association between smoking cessation and
DSST test. In the fully adjusted model, former smokers who
quitted<20 years before scored 2.39 (95% CI, 0.53 to 4.26) points
higher than current smokers in the DSST, whereas subjects who
quitted more than 30 years before had 5.45 (95% CI, 2.95 to 7.95)
points more than current smokers.

Multivariable Logistic Regression Analysis
Between Smoking Cessation and Low
DSST Performance
As shown in Table 4, in the fully adjusted model, the OR for
low DSST performance was 0.46 (95% CI, 0.3 to 0.7) in former
smokers who quit more than 30 years before compared to
current smokers.

DISCUSSION

The findings of this population-based study indicated that
smoking was negatively associated with processing speed in
the American elderly. All the reported correlations remained
significant after fully adjusting for confounding factors.

The results are in line with previous studies showing
that smoking is related to cognitive impairment (22). A
previous meta-analysis using data from 20 population-based
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TABLE 1 | Weighted characteristics of participations, NHANES 2011–2014 (N = 2,932).

All Current smokers Former smokers Never smokers P-value

Unweighted N 2,932 372 1,115 1,445

Age, median (IQR) 68.0 (11.0) 65.0 (12.0) 69.0 (12.0) 68.0 (12.0) <0.001

Gender, n (%) <0.001

Male 1,427 (45.6) 217 (51.5) 694 (56.2) 516 (35.8)

Female 1,505 (54.4) 155 (48.5) 421 (43.8) 929 (64.2)

Race, n (%) <0.01

Hispanic American 553 (7.1) 78 (8.6) 189 (6.1) 286 (7.5)

Non-Hispanic White 1,401 (79.5) 136 (68.8) 598 (83.5) 667 (78.7)

Non-Hispanic Black 697 (8.4) 136 (13.9) 240 (6.9) 321 (8.4)

Other Race 281 (5.0) 22 (8.7) 88 (3.6) 171 (5.4)

Education, n (%) <0.001

Less than high school 745(16.0) 126 (23.2) 281 (16.4) 338 (14.0)

High school 686 (22.2) 96 (28.7) 277 (22.4) 313 (20.5)

College or higher 1,498 (61.9) 150 (48.1) 556 (61.2) 792 (65.5)

Marital status, n (%) 0.095

Married/Cohabitation 1,692 (64.7) 179 (58.1) 680 (66.3) 833 (64.9)

Was married 1,070 (30.9) 165 (35.8) 384 (30.6) 521 (30.2)

Never married 166 (4.3) 28 (6.1) 51 (3.2) 87 (4.9)

Had at least 12 alcoholic drinks/year, n (%) 1,960 (72.7) 311 (87.5) 922 (85.8) 727 (59.0) <0.001

Moderate to vigorous work activity, n (%) 883 (34.5) 117 (36.4) 352 (36.9) 414 (32.1) 0.485

Moderate to vigorous recreational activity, n (%) 1,218 (44.7) 106 (26.0) 483 (48.1) 633 (46.2) <0.001

History of diseases, n (%)

Hypertension 1,829 (59.1) 217 (53.5) 713 (62.2) 899 (57.8) 0.084

Diabetes 688 (19.4) 82 (18.0) 297 (22.5) 309 (17.3) 0.114

Coronary heart disease 266 (9.4) 39 (14.6) 122 (10.9) 105 (7.2) <0.01

Stroke 203 (6.4) 37 (9.1) 87 (7.5) 79 (5.0) <0.05

BMI, kg/m2, median (IQR) 28.0 (7.5) 26.2 (7.9) 28.9 (7.7) 27.8 (6.9) <0.001

Depression, median (IQR) 1.0 (4.0) 2.0 (4.0) 1.0 (4.0) 1.0 (4.0) 0.496

AFT, mean (SE) 18.1 (5.7) 17.6 (5.5) 18.0 (5.5) 18.2 (5.9) 0.492

DSST, mean (SE) 51.9 (16.8) 48.3 (16.1) 51.3 (16.2) 53.3 (17.3) <0.01

DWRT, mean (SE) 6.2 (2.3) 6.2 (2.1) 6.2 (2.2) 6.3 (2.4) 0.655

IWRT, mean (SE) 19.7 (4.5) 19.5 (4.2) 19.6 (4.3) 19.9 (4.7) 0.148

Data presented are mean (S.E.), median (IQR), or n (%).

S.E., Standard Error of Mean; IQR, Interquartile Range; BMI, Body Mass Index; AFT, Animal Fluency Test; DSST, Digit Symbol Substitution Test; DWRT, Delayed Word Recall Test; IWRT,

Immediately Word Recall Test.

cohorts reported that smoking is one of the modifiable factors
correlated with late-life cognitive decline (6). Besides, a large
German cohort study showed that the risk for cognitive
decline in older subjects decreases with time after smoking
cessation (7).

In the present study, one potential mechanism to explain
the relationship between smoking and cognitive function
is the inflammatory response, which may cause adverse
effects on cognitive function (23–27). For example, a recent
preclinical study reported that exposure to smoking exacerbates
cognitive impairment in a rat model of vascular dementia
through neuroinflammation (28). Another mechanism might
involve psychosocial processes, such as sleep problems. A
previous case-control study of mild cognitive impairment
reported sleep duration partly mediates the connection
between smoking and cognitive function (29). Functional

and anatomic neuroimaging studies also have demonstrated
several alterations in brain structural morphology and brain
function to cigarette smoking. For example, a 24-month
nonrandomized interventional study found that when compared
with never smokers, current smokers have decreased gray matter
density in areas critical to cognitive function (15). Accordingly,
we speculate that the positive association between smoking
cessation and cognition could also be due to the improvement
of the above factors, but this possibility needs to be verified in
future studies.

Regarding the different domains of cognition, contrary to
some other studies indicating an association of smoking with
greater risk of poor memory, we did not find an association
between smoking and memory (15, 23). However, in the
Lothian Birth Cohort 1936 study, the authors found that current
smokers scored significantly lower than former smokers and

Frontiers in Psychiatry | www.frontiersin.org 4 July 2022 | Volume 13 | Article 926708

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Zhang et al. Smoking Status and Cognitive Function

TABLE 2 | Weighted multivariable linear regressions analysis between smoking status and cognitive function.

Crude model Model 1 Model 2 Model 3

β(95% CI) β(95% CI) β(95% CI) β(95% CI)

DSST score

Current smokers Reference Reference Reference Reference

Former smokers 2.97 (0.9, 5.04)** 3.47 (1.86, 5.08)*** 2.99 (1.37, 4.61) *** 3.12 (1.51, 4.73)***

Never smokers 4.97 (2.95, 6.99)*** 3.86 (2.28, 5.44)*** 4.00 (2.39, 5.62) *** 3.82 (2.21, 5.43)***

AFT score

Current smokers Reference Reference Reference Reference

Former smokers 0.45 (−0.25, 1.15) 0.4 (−0.23, 1.03) 0.1 (−0.55, 0.74) 0.12 (−0.53, 0.77)

Never smokers 0.61 (−0.07, 1.3) 0.47 (−0.15, 1.09) 0.21 (−0.43, 0.86) 0.15 (−0.5, 0.79)

DWRT score

Current smokers Reference Reference Reference Reference

Former smokers −0.03 (−0.31, 0.25) 0.22 (−0.04, 0.49) 0.17 (−0.11, 0.44) 0.18 (−0.1, 0.45)

Never smokers 0.09 (−0.19, 0.36) 0.1 (−0.16, 0.36) 0.01 (−0.26, 0.29) 0.03 (−0.25, 0.3)

IWRT score

Current smokers Reference Reference Reference Reference

Former smokers 0.09 (−0.47, 0.64) 0.45 (−0.06, 0.96) 0.36 (−0.18, 0.89) 0.39 (−0.15, 0.93)

Never smokers 0.41 (−0.13, 0.95) 0.28 (−0.22, 0.77) 0.24 (−0.29, 0.77) 0.23 (−0.31, 0.77)

Model 1 adjusted for gender, age, race, education, marital status.

Model 2 adjusted for gender, age, race, education, marital status, BMI, drinking, physical activity, depression.

Model 3 adjusted for gender, age, race, education, marital status, BMI, drinking, physical activity, depression, and history of diseases (hypertension, coronary heart disease,

stroke, diabetes).

**P < 0.01, ***P < 0.001.

TABLE 3 | Weighted multivariable linear regression analysis between smoking cessation and DSST score.

No. of participants (N) Crude model Model 1 Model 2 Model 3

β(95% CI) β(95% CI) β(95% CI) β(95% CI)

Current smokers 372 Reference Reference Reference Reference

Former smokers

quit < 20 years 386 1.00 (−1.85, 3.85) 1.97 (−0.30, 4.25) 1.97 (−0.12, 4.06) 2.39 (0.53, 4.26) *

quit 20-30 years 384 3.94 (0.63, 7.25)* 4.15 (1.95, 6.34)*** 4.14 (1.93, 6.36) *** 4.48 (2.41, 6.56)***

quit >30 years 345 4.59 (1.91, 7.27)*** 6.21 (3.50, 8.92)*** 5.35 (2.82, 7.88) *** 5.45 (2.95, 7.95)***

Never smokers 1,445 5.05 (2.32, 7.79)*** 4.24 (1.48, 7.00)** 4.75 (2.24, 7.26) *** 4.78 (2.53, 7.04)***

Model 1 adjusted for gender, age, race, education, marital status.

Model 2 adjusted for gender, age, race, education, marital status, BMI, drinking, physical activity, depression.

Model 3 adjusted for gender, age, race, education, marital status, BMI, drinking, physical activity, depression, and history of diseases (hypertension, coronary heart disease,

stroke, diabetes).

* P < 0.05, **P < 0.01, ***P < 0.001.

never smokers on general cognitive ability and processing
speed tests, but not memory or verbal ability (30). The
inconsistency of the results may be related to ethnicity, age,
and sample size. More research is needed in the future to
detect the relationship between smoking and different domains
of cognition.

This study exhibits several strengths. The connection
between smoking and cognitive function was evaluated in a
population-based sample of American older subjects. Thus,
it investigated this relationship with a high statistical power.
Additionally, we controlled for important confounding factors
to precisely estimate the correlation between smoking and
cognitive function.

LIMITATIONS

There are several limitations of this study. First, the cross-
sectional design could lead to a lack of causal relationship
between smoking and cognitive function. Second, another
potential limitation is that although we adjusted for a wide range
of confounders, unmeasured biomarkers may have contributed
to residual confounding.

CONCLUSION

Using the NHANES database, the findings indicated that
smoking was negatively associated with processing speed in
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TABLE 4 | Weighted multivariable logistic regression analysis between smoking cessation and low DSST performance.

No. of participants (N) Crude model Model 1 Model 2 Model 3

Low Normal OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Current smokers 132 240 Reference Reference Reference Reference

Former smokers

quit < 20 years 108 278 0.71 (0.52, 0.97)* 0.74 (0.53, 1.04) 0.78 (0.54, 1.13) 0.78 (0.54, 1.13)

quit 20–30 years 102 282 0.57 (0.41, 0.79)** 0.57 (0.4, 0.83)** 0.71 (0.48, 1.05) 0.69 (0.47, 1.03)

quit >30 years 52 293 0.32 (0.22, 0.46)*** 0.34 (0.23, 0.51)*** 0.45 (0.29, 0.69) *** 0.46 (0.3, 0.7)***

Never smokers 331 1,114 0.54 (0.42, 0.69)*** 0.59 (0.45, 0.79)*** 0.63 (0.46, 0.86) ** 0.66 (0.48, 0.9)**

Model 1 adjusted for gender, age, race, education, and marital status.

Model 2 adjusted for gender, age, race, education, marital status, BMI, drinking, physical activity, and depression.

Model 3 adjusted for gender, age, race, education, marital status, BMI, drinking, physical activity, depression, and history of diseases (hypertension, coronary heart disease,

stroke, diabetes).

* P < 0.05, **P < 0.01, ***P < 0.001.

the American elderly. Given the accelerated aging of the
population and the high prevalence of smoking worldwide,
our findings support the importance of tobacco control. High-
quality, prospective studies are needed in the future to confirm
our findings.
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