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Received: 16 October 2015 . This study sought to structure a genetic score for smoking behaviour in a Chinese population. Single-
Accepted: 27 January 2016 nucleotide polymorphisms (SNPs) from genome-wide association studies (GWAS) were evaluated in a
Published: 07 March 2016 : community-representative sample (N =3,553) of Beijing, China. The candidate SNPs were tested in four
. genetic models (dominance model, recessive model, heterogeneous codominant model and additive
model), and 7 SNPs were selected to structure a genetic score. A total of 3,553 participants (1,477 males
and 2,076 females) completed the survey. Using the unweighted score, we found that participants with
a high genetic score had a 34% higher risk of trying smoking and a 43% higher risk of Sl at <18 years of
age after adjusting for age, gender, education, occupation, ethnicity, body mass index (BMI) and sports
activity time. The unweighted genetic scores were chosen to best extrapolate and understand these
results. Importantly, genetic score was significantly associated with smoking behaviour (smoking status
and Sl at <18 years of age). These results have the potential to guide relevant health education for
individuals with high genetic scores and promote the process of smoking control to improve the health
of the population.

Smoke exposure is one of the most serious health problems worldwide!. Smoking creates a heavy disease burden
and is associated with a 50% higher mortality rate from all causes among men who are smokers?. Active smoking
is currently the most preventable cause of death, disability and various chronic diseases®®. China is the largest
tobacco grower and consumer in the world!?, and the disease burden resulting from tobacco smoking is high!12.
One study recently conducted in East Asia demonstrated a smoking rate of 52.9% in adult Chinese men (aged
20-69 years) between 2008 and 2011"3.

A study on twins in 2011 showed that susceptibility to smoking behaviour is influenced by genetic factors!4,
and family linkage analyses and candidate gene association studies have confirmed this finding'>-*%. Since 2005,
genome-wide association studies (GWASs) of smoking behaviour (regular smoking, cigarettes per day and smok-
ing initiation (SI) age) have identified 21 single-nucleotide polymorphisms (SNPs) with significant genome-wide

. associations (P < 5 x 107®) in or near the following genes: CHRNB3, CHRNA6, BDNF, CHRNA3, CHRNAS5,
. AGPHDI, CHRNB4, CYP2A6 and EGLN2"-%. Many of these genes are expressed in or known to act in nicotine
. or dopamine receptor or brain-derived neurotrophic factor pathways.

Although GWASs have identified 21 SNPs associated with smoking behaviour'®-%6, each SNP accounted for
only a very small fraction of the variation in smoking behaviour, and the results were unstable. The variable results
among studies may be related to differences in effect sizes, sample sizes, genetic heterogeneity, genomic con-
founders, linkage disequilibrium (LD) and spurious associations”. Furthermore, the study populations of these
GWAS:s did not include Chinese individuals. Thus, we conducted this study to verify these SNPs in a Chinese

. population and subsequently create a genetic score combining the effects of these SNPs on smoking behaviour.

Design and Methods
Study sample. We conducted two population-based, cross-sectional surveys in 2001 and 2010 on elderly
residents (aged >60 years) of the Wanshoulu district. As described in our previous study?>?, a 2-step randomized

cluster sampling method was used to select 2,277 participants (943 males and 1,334 females) in 2001 and 2,102
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Figure 1. Flow diagram of the study population.

participants (848 males and 1,254 females) in 2010. After excluding 818 participants duplicated in both surveys
and 8 unsuccessful genotyping results, a total of 3,553 participants (1,477 males and 2,076 females) were included
as our study sample (Fig. 1). Trained interviewers met with the participants face-to-face to complete a standard-
ized questionnaire addressing a range of demographic factors, medical history and health-related behaviours
(particularly smoking exposure status).

Measurement of smoking behaviour. A smoker was defined as a person who had ever smoked a tobacco
product daily for at least 6 months®. A heavy smoker was defined as a person who had ever smoked more than 20
cigarettes per day®!. Additionally, an SI age of <18 years was used a measurement of smoking behaviour! because
previous studies have shown that compared with SI during adulthood, tobacco use prior to 18 years of age leads
to behavioural consequences (such as drug abuse) during adulthood, in addition to more serious health conse-
quences (including mental and physical effects)®.

Measurement of covariates. The categories of educational attainment included 0-6 years (primary school
or less), 6-12 years (middle school to high school or the equivalent) and >13 years (completed a university or
other tertiary education). The occupation types were classified into the following three categories: white collar
(professional, government), light physical labour (skilled worker, service, merchant) and hard physical labour
(farmer, factory worker, manufacturing and transportation worker). Ethnicity was classified into the following
two categories: Han and minority. Body mass index (BMI) was classified into the following three categories:
normal (<24.00), overweight (24.00-27.99) and obese (> 28.00)*. Sports activity time was classified into the
following three categories: < 1hour/week, 1-4 hours/week, and >4 hours/week.

Genotyping. The standard proteinase K-phenol-chloroform method was used to extract DNA from whole
peripheral blood samples. The laboratory staff was blinded to the identities of the subjects and their smoking
status.

Among the 21 previously reported SNPs, we excluded rs1051730, rs879048, rs2036527, rs8034191, rs11638372
and rs16969968 due to minor allele frequencies (MAFs) <0.1 in the HAPMAP-CHB (Chinese Han Beijing)
population (Supplementary Table S1); however, the 15 remaining candidate SNPs were included in our analysis
(Fig. 2). The MassARRAY system was used to genotype the candidate SNPs.

Genetic score. Genotyping revealed an LD plot (Supplementary Fig. S1) for the 15 SNPs: using run tag-
ger, we chose rs6474412 to represent this LD plot (Supplementary Table S2). To evaluate the effects of these
SNPs on smoking behaviour, we examined the SNPs in four genetic models (dominance model, recessive model,
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Figure 2. The process for choosing candidate SNPs.

CHRNB3 156474412 C/T 8 42669655 0.031 0.290%
BNDF 154923457 A/T 11 27605156 0.014 0.011%°
LOC100188947 151329650 T/G 10 93338100 0.087 0.059%°
CHRNA3 156495308 C/T 15 76694711 0.026 0.073%
CHRNA3 rs12914385 C/T 15 76685778 0.117 1.024%
HYKK 152036534 C/T 15 76614003 0.071 0.069*
EGLN2 157937 C/T 19 45994546 0.095 0.240"

Table 1. The 7 SNPs used to calculate the genetic score for smoking behaviour. 3, was derived from our
population and adjusted by demographic characteristics (age, gender, education, occupation and ethnicity),
BMI and sports activity time. *3, was derived from GWASs and meta-analyses.

heterogeneous codominant model and additive model**) and in males and females separately. We then excluded
the SNPs with no significant effect on smoking behaviour in our population. The final genetic score was built on
7 SNPs (Supplementary Tables S3-9).

Similar to previous studies that evaluated genetic scores for smoking behaviour®® and obesity®, our genetic
score was based on 3 methods. In the first two methods, each SNP was weighted according to the size of its rel-
ative effect (3 coefficient) using two types of 3 coefficints: 31 was derived from our population and adjusted for
demographic characteristics (age, gender, education, occupation and ethnicity), BMI and sports activity time; 32
was derived from the results of GWASs and meta-analyses (Table 1)'*-%. The third method used the unweighted
counts of risk alleles to construct the score.

Statistical analysis. HAPLOVIEW software version 4.2 (http://www.broadinstitute.org/haploview) was
used for analyses of Hardy-Weinberg equilibrium (HWE), LD and run tagger. SPSS version 19.0 (serial No.
5076595) was used for the data analysis. The significance level for all tests was set at a two-tailed o value of 0.05.
The differences in means and proportions were tested using t-tests and chi-squared tests, respectively. Logistic
regression models were used to identify the odds ratio (OR) of the genetic score for smoking behaviour.

Ethical considerations. The committee for medical ethics of the Chinese PLA General Hospital examined
and approved our study; this study was performed in accordance with the ethical guidelines of the Declaration
of Helsinki (version 2002). Each study participant provided written informed consent prior to completing the
questionnaire.

Results

Patient characteristics. A total of 3,553 participants (1,477 males and 2,076 females) were included in our
study. The average age was 70.29 £ 6.43 years. There were 1,067 smokers and 2,486 never smokers in our sample
population: the two groups differed in gender (P < 0.001) and education (P= 0.007) but no significant differences
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Age (years)

<70 1,627 (45.8) | 469 (44.0) 1,158 (46.6)

70-79 1,641 (46.2) | 504 (47.2) 1,137 (45.7)

>80 285 (8.0) 94 (8.8) 191 (7.7)
Gender

Male 1,477 (41.6) | 832(78.0) 645 (25.9)

Female 2,076 (58.4) | 235(22.0) 1841 (74.1)
Ethnic group

Han 3,479 (97.9) | 1,049 (98.3) 2,430 (97.8)

Minority 74 (2.1) 18(1.7) 56 (2.2)
Education level (years)

0-6 1,225 (34.5) | 405 (38.0) 820 (33.0)

7-12 1,333 (37.5) | 365(34.2) 968 (38.9)

13+ 995(28.0) | 297(27.8) 698 (28.1)
Occupation

White collar 1,409 (39.7) | 409 (38.3) 1,000 (40.2)

Light physical labour | 1,402 (39.5) | 420 (39.4) 982 (39.5)

Hard physical labour 742 (20.9) 238 (22.3) 504 (20.3)
BMI

<24.00 1,280 (36.0) | 370 (34.7) 910 (36.6)

24.00-27.99 1,585 (44.6) | 483 (45.3) 1,102 (44.3)

>28.00 688 (19.4) 214 (20.1) 474 (19.1)
Sports activity time

< 1hour/week 710 (20.0) 222(20.8) 488 (19.6)

1-4hours/week 2151 (60.5) 628 (58.9) 1,523 (61.3)

>4hours/week 692 (19.5) 217 (20.3) 475 (19.1)

Table 2. Baseline characteristics of the participants.

were detected in age, ethnicity, occupation, BMI and sports activity time (P> 0.05) (Table 2). Table 3 depicts the
genotype frequencies of the 7 SNPs.

Effect of genetic score on smoking behaviour.  Genetic score type 1. Risk alleles from the imputed
data (0, 1 or 2) for each SNP were weighted according to their relative 3 coeflicients (31, Table 1), which were
estimated from our data after adjusting for demographic characteristics (age, gender, education, occupation and
ethnicity), BMI and sports activity time. Weighted risk alleles were summed for each individual to generate a type
1 genetic score representing the individual’ risk allele score (ranging from 0.06 to 0.88; average: 0.42 & 0.14). The
participants were divided into three groups according to tertiles (0.36 and 0.48): group 1 included participants
with a genetic score <0.36; group 2 comprised participants with a genetic score 0.36-0.48; and group 3 included
participants with a genetic score >0.48.

Through logistic regression analysis, we found that participants with a high genetic score (group 3) had a 26%
higher risk of trying smoking and a 29% higher risk for SI at <18 years old after adjusting for age, gender, educa-
tion, occupation, ethnicity, BMI and sports activity time. Among males, the ORs were even higher (1.37 and 1.37,
respectively), whereas in females, the association was not significant (Table 4).

Genetic score type 2. Risk alleles from the imputed data (0, 1 or 2) per SNP were weighted for their relative 3
coefficients (32, Table 1), which were estimated from previously reported GWASs and meta-analyses. Weighted
risk alleles were summed for each individual to generate the type 2 genetic score representing the individual’s
risk allele score (ranging from 0.14 to 3.53; average: 1.54 & 0.70). The participants were divided into three groups
according to tertiles (1.05 and 1.95): group 1 had a genetic score < 1.05; group 2 had a genetic score of 1.05-1.95;
and group 3 had a genetic score >1.95.

Regarding the type 2 genetic score, we found that participants with a high genetic score (group 3) had a 24%
higher risk of trying smoking and a 28% higher risk for ST at <18 years of age after adjusting for age, gender, edu-
cation, occupation, ethnicity, BMI and sports activity time. Among males, the ORs were even higher (1.37 and
1.42, respectively), whereas in females, the association was not significant (Table 5).

Genetic score type 3. Risk alleles from the imputed data (0, 1 or 2) per SNP were unweighted and summed for
each individual, generating the type 3 genetic score as a representation of the individual’s risk allele score (ranging
from 2 to 14; average: 7.47 & 1.80). The participants were divided into three groups according to tertiles (7 and 9):
group 1 had a genetic score <7; group 2 had a genetic score of 7-9; and group 3 had a genetic score >9.
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1512914385

CcC 1,935 (54.5) 557 (52.2) 1,378 (55.4)

CT 1,391 (39.2) 431 (40.4) 960 (38.6)

TT 227 (6.4) 79 (7.4) 148 (6.0)
152036534

CcC 627 (17.6) 173 (16.2) 454 (18.3)

CT 1,749 (49.2) 540 (50.6) 1,209 (48.6)

TT 1,177 (33.1) 354(33.2) 823 (33.1)
rs7937

CC 375 (10.6) 99 (9.3) 276 (11.1)

CT 1,538 (43.3) 467 (43.8) 1,071 (43.1)

TT 1640 (46.2) 501 (47.0) 1,139 (45.8)
rs6474412

CcC 162 (4.6) 45(4.2) 117 (4.7)

CT 1,163 (32.7) 356 (33.4) 807 (32.5)

TT 2,228 (62.7) 666 (62.4) 1,562 (62.8)
156495308

TT 317 (8.9) 83(7.8) 234(9.4)

CT 1,456 (41.0) 445 (41.7) 1,011 (40.7)

CcC 1,780 (50.1) 539 (50.5) 1,241 (49.9)
151329650

AA 1,817 (51.1) 532(49.9) 1,285 (51.7)

CA 1,401 (3.4) 430 (40.3) 971 (39.1)

CcC 335(9.4) 105 (9.8) 230(9.3)
rs4923457

TT 637 (17.9) 191 (17.9) 446 (17.9)

AT 1,793 (50.5) 538 (50.4) 1,255 (50.5)

AA 1,123 (31.6) 338 (31.7) 785 (31.6)

Table 3. Genotype frequencies of the 7 SNPs.

Regarding the type 3 genetic score, we found that participants with a high genetic score (group 3) had a 34%
higher risk of trying smoking and a 43% higher risk for ST at <18 years of age after adjusting for age, gender, edu-
cation, occupation, ethnicity, BMI and sports activity time. Among males, the ORs were even higher (1.42 and
1.46, respectively), whereas in females, the association was not significant (Table 6).

Receiver-operating characteristic (ROC) curves. ROC curves were constructed using age, gender, edu-
cation, occupation, ethnicity, BMI and sports activity time in addition to genetic score types 1, 2 and 3 (Fig. 3).
The areas under the curve (AUCs) of the three types of genetic scores were 0.832, 0.832 and 0.832 for predicting
smoking status in the total population; 0.673, 0.673 and 0.674 in males; and 0.724, 0.724 and 0.723 in females,
respectively (Fig. 3). These results indicated that the associations of the three types of genetic scores with smoking
were similar. Furthermore, for better extrapolation and improved understanding of such results, the unweighted
genetic score represents the ideal choice.

Next, we compared the AUCs of age, gender, education, occupation, ethnicity, BMI and sports activity time
with and without the genetic score (unweighted). These values were 0.832 and 0.817 in the total population,
0.674 and 0.613 in males, and 0.723 and 0.707 in females, respectively. This difference was significant in males
(P<0.05) (Fig. 3).

Furthermore, the average scores of the smoking group, heavy smoking group and SI at <18 years of age group
were significantly higher than the never smoking group of males and the total population (Table 7).

Discussion

In this study, we retested all 18 significant SNPs (P < 5 x 107®%) from GWASs conducted on smoking behaviour
(cigarettes smoked per day (CPD), SI) in a Chinese population; we then chose 7 of these SNPs to derive genetic
scores. We derived three types of genetic scores to evaluate the genetic risk of smoking behaviour (smoking, heavy
smoking and SI at <18 years of age) and found that the evaluation capacities of these three scores were approxi-
mately the same. Furthermore, we linked genetic risk and smoking behaviour (smoking, heavy smoking and SI at
<18 years of age) in a Chinese population.

Certain SNPs were significant in GWASs conducted in European or African American populations; however,
the MAFs of these SNPs in the Chinese population were too low for our analysis. Furthermore, of the 15 candi-
date SNPs, 4 SNPs displayed no association with smoking behaviour in the Chinese population, although signifi-
cant associations were found in GWASs conducted on other populations. We identified 7 SNPs that impacted the
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Group 1* 1 1 1 1 1 1 1 1 1
Group2* | 1.09(0.91-1.30) | 1.13(0.87-1.45) | 1.08 (0.89-1.32) | 1.16 (0.90-1.49) | 1.02(0.76-1.37) | 1.11 (0.86-1.44) | 0.87 (0.62-1.21) | 1.57(0.72-3.41) | 0.87(0.58-1.31)
Group 3* | 1.23(1.03-1.46) | 1.21 (0.94-1.56) | 1.28 (1.05-1.55) | 1.35 (1.04-1.73) | 1.12(0.84-1.50) | 1.37 (1.06-1.77) | 1.06 (0.77-1.46) | 1.68 (0.78-3.62) | 1.08 (0.73-1.60)
P for trend 0.023 0.135 0.013 0.022 0.437 0.015 0.743 0.189 0.693
Group 1° 1 1 1 1 1 1 1 1 1
Group2® | 1.08(0.88-1.33) | 1.14(0.86-1.50) | 1.06 (0.85-1.32) | 1.23(0.95-1.59) | 1.08(0.80-1.45) | 1.14(0.88-1.47) | 0.87 (0.61-1.23) | 1.59 (0.73-3.46) | 0.87(0.58-1.32)
Group3® | 1.26 (1.03-1.55) | 1.20 (0.91-1.58) | 1.29 (1.04-1.60) | 1.38 (1.06-1.78) | 1.13(0.84-1.52) | 1.37 (1.06-1.77) | 1.08 (0.78-1.52) | 1.75(0.81-3.78) | 1.11 (0.74-1.64)
Pfor trend 0.026 0.192 0.019 0.016 0.408 0.015 0.654 0.161 0.63
Group 1¢ 1 1 1 1 1 1 1 1 1
Group2¢ | 1.08(0.88-1.33) | 1.14(0.86-1.50) | 1.06 (0.85-1.32) | 1.23(0.95-1.59) | 1.08(0.80-1.46) | 1.14 (0.88-1.47) | 0.86(0.61-1.22) | 1.59 (0.73-3.46) | 0.87 (0.58-1.32)
Group 3° | 1.26 (1.03-1.56) | 1.19 (0.91-1.57) | 1.29 (1.04-1.60) | 1.37 (1.06-1.78) | 1.12(0.84-1.51) | 1.37 (1.06-1.76) | 1.09 (0.78-1.52) | 1.76(0.81-3.82) | 1.11(0.75-1.65)
P for trend 0.026 0.207 0.020 0.016 0.444 0.017 0.646 0.154 0.615

Table 4. Effect of genetic score 1 (3,) on smoking behaviour. *Unadjusted. "Adjusted for demographic
characteristics (age, gender, education, occupation and ethnicity). “Adjusted for demographic characteristics
(age, gender, education, occupation and ethnicity), BMI and sports activity time. SI = age of smoking initiation.

Group 1° 1 1 1 1 1 1 1 1 1
Group2* | 1.01(0.85-1.21) | 0.98(0.76-1.27) | 1.08 (0.89-1.32) | 1.02(0.79-1.31) | 0.90 (0.67-1.21) | 1.11 (0.86-1.43) | 0.86 (0.61-1.20) | 1.16 (0.61-2.65) | 0.90 (0.61-1.35)
Group3* | 1.22(1.03-1.45) | 1.26(0.98-1.61) | 1.28 (1.05-1.55) | 1.32(1.03-1.71) | 1.12 (0.84-1.49) | 1.41 (1.10-1.82) | 1.04 (0.75-1.44) | 2.05(0.51-4.29) | 0.96 (0.65-1.43)
P for trend 0.024 0.066 0.013 0.029 0.427 0.007 0.831 0.046 0.838
Group 1° 1 1 1 1 1 1 1 1 1
Group2® | 1.00 (0.81-1.23) | 0.98(0.74-1.31) | 1.07 (0.86-1.33) | 1.09 (0.84-1.41) | 0.96 (0.71-1.29) | 1.14 (0.88-1.48) | 0.84 (0.59-1.19) | 1.16 (0.51-2.67) | 0.90 (0.60-1.34)
Group 3® | 1.24(1.01-1.52) | 1.24(0.95-1.63) | 1.28(1.03-1.58) | 1.37 (1.06-1.77) | 1.14 (0.85-1.52) | 1.42(1.10-1.84) | 1.03 (0.74-1.44) | 2.10 (1.00-4.42) | 0.95 (0.64-1.43)
P for trend 0.038 0.108 0.025 0.018 0.382 0.006 0.863 0.042 0.808
Group 1¢ 1 1 1 1 1 1 1 1 1
Group2° | 1.00(0.81-1.23) | 0.99(0.74-1.31) | 1.07 (0.86-1.33) | 1.09 (0.84-1.41) | 0.96 (0.71-1.30) | 1.14 (0.88-1.48) | 0.84 (0.59-1.19) | 1.16 (0.51-2.67) | 0.90 (0.60-1.35)
Group 3¢ | 1.24(1.01-1.52) | 1.24(0.94-1.62) | 1.28 (1.03-1.58) | 1.37 (1.06-1.77) | 1.13 (0.84-1.51) | 1.42 (1.10-1.83) | 1.03 (0.74-1.44) | 2.11 (1.00-4.44) | 0.96 (0.64-1.43)
P for trend 0.039 0.119 0.026 0.018 0.413 0.007 0.876 0.041 0.815

Table 5. Effect of genetic score 2 (3,) on smoking behaviour. *Unadjusted. "Adjusted for demographic
characteristics (age, gender, education, occupation and ethnicity). “Adjusted for demographic characteristics
(age, gender, education, occupation and ethnicity), BMI and sports activity time. SI = age of smoking initiation.

Group 1* 1 1 1 1 1 1 1 1 1

Group 2* 1.05 (0.88-1.24) | 0.98 (0.77-1.26) | 1.05(0.86-1.27) | 1.15(0.90-1.47) | 0.98 (0.74-1.31) | 1.10 (0.86-1.42) | 1.08 (0.78-1.51) | 1.59 (0.72-3.51) | 1.15(0.77-1.73)
Group3* | 1.29(1.07-1.55) | 1.17 (0.90-1.52) | 1.40 (1.14-1.72) | 1.39 (1.07-1.81) | 1.06 (0.78-1.43) | 1.47 (1.12-1.91) | 1.19 (0.83-1.70) | 1.88 (0.82-4.33) | 1.33 (0.86-2.06)
P for trend 0.008 0.253 0.001 0.015 0.714 0.005 0.348 0.141 0.194
Group 1° 1 1 1 1 1 1 1 1 1
Group2® | 1.10(0.90-1.35) | 1.01(0.77-1.33) | 1.10 (0.89-1.36) | 1.14(0.89-1.47) | 0.96 (0.72-1.28) | 1.10 (0.85-1.41) | 1.04 (0.74-1.46) | 1.52 (0.68-3.37) | 1.12 (0.74-1.68)
Group3® | 1.34(1.08-1.67) | 1.15(0.86-1.53) | 1.44 (1.14-1.81) | 1.42 (1.09-1.86) | 1.07 (0.79-1.45) | 1.47 (1.13-1.92) | 1.19 (0.82-1.72) | 1.88 (0.81-4.36) | 1.34 (0.86-2.07)
Pfor trend 0.008 0346 0.002 0.011 0.682 0.005 0.360 0.141 0.198
Group 1¢ 1 1 1 1 1 1 1 1 1
Group2® | 1.10(0.90-1.35) | 1.01 (0.77-1.33) | 1.10 (0.88-1.36) | 1.14(0.89-1.47) | 0.96 (0.72-1.28) | 1.10 (0.85-1.41) | 1.04 (0.74-1.46) | 1.51 (0.68-3.37) | 1.12(0.74-1.68)
Group 3¢ 1.34 (1.08-1.67) | 1.14(0.85-1.52) | 1.43 (1.14-1.80) | 1.42(1.08-1.86) | 1.06 (0.78-1.43) | 1.46 (1.12-1.91) | 1.19 (0.82-1.72) | 1.89 (0.81-4.37) | 1.34 (0.86-2.08)
Pfor trend 0.008 0375 0.002 0.011 0.735 0.005 0.369 0.140 0.194

Table 6. Effect of genetic score 3 (unweighted) on smoking behaviour. *Unadjusted. *Adjusted for demographic

characteristics (age, gender, education, occupation and ethnicity). “Adjusted for demographic characteristics (age,
gender, education, occupation and ethnicity), BMI and sports activity time. SI = age of smoking initiation.
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Figure 3. ROC curves of the four prediction models in total, male and female populations.

SCIENTIFICREPORTS | 6:22799 | DOI: 10.1038/srep22799



www.nature.com/scientificreports/

Never smoking Smoking Heavy smoking SI <18 years
Mean + SD Mean + SD P Mean + SD P Mean + SD P
Total 7.43+£1.81 7.27+£1.78 0.029 7.55+1.85 0.196 7.64+1.80 0.006
Male 7.38+1.82 7.58+1.81 0.035 7.49 £+ 1.86 0.346 7.6411.83 0.012
Female 7.4441.80 7.52+1.64 0.511 8.02+1.68 0.034 7.59+1.67 0.312

Table 7. Average scores of never smokers, smokers, heavy smokers and SI at <18 years group. P values
were determined in comparison with the never smoked group.

susceptibility to smoking behaviour in the Chinese population (similar to the reported GWAS results). Moreover,
both our study and previous studies found SNPs with common and unique features in terms of MAF, haplotype
blocks and effects in different populations®”3.

Previous genetic score studies have used two methods to create the genetic score: 1) summing the unweighted
SNPs* and 2) summing SNPs weighted by their effect®. To our knowledge, this study is the first to compare the
effects of different genetic score generation methods, and we found that the three types of genetic scores elicited
similar effects on smoking behaviour.

Furthermore, we found that genetic score was significantly associated with smoking behaviour (smoking sta-
tus or SI at < 18 years of age) in the Chinese population. This result is consistent with that of a study performed
in New Zealand®, in which individuals with elevated genetic risk were more likely to convert to daily smoking as
teenagers and progressed more rapidly from SI to heavy smoking.

However, the present study has several limitations. First, the candidate SNPs that were chosen from the GWAS
results were mainly identified in European or African American populations; only a few such studies have been
reported in Chinese populations. This may have decreased the reliability of the findings regarding SNPs related to
smoking behaviour in the Chinese population. In addition, the SNPs from the USA/Northern European popula-
tions may not be suitable or sufficient to create a genetic score in the Chinese population. Thus, additional GWAS
studies of large samples from the Chinese population should be conducted to create a more suitable genetic score
for this population. Second, the small sample size of smoking women in our study may have decreased the stabil-
ity of the results in women. Third, the genetic score created in our study requires verification in a larger Chinese
sample.

To conclude, in this study, we tested GWAS-significant SNPs associated with smoking behaviour in a Chinese
population and structured three types of genetic scores. We found that the effects of the three types of genetic
score were similar; however, to best extrapolate and understand these types of results, the unweighted genetic
score represents the ideal choice. Furthermore, the genetic score was significantly associated with smoking behav-
iour (smoking status and SI at <18 years of age). The results of this study may guide relevant health education for
those with a high genetic score and promote smoking control to improve the health of the population.

References
1. US Department of Health & Human Services. The health consequences of smoking—50 years of progress: A report of the surgeon
general. Vol. 17 (US Department of Health and Human Services, Centers for Disease Control and Prevention, National Center for
Chronic Disease Prevention and Health Promotion, Office on Smoking and Health, 2014).
2. Lam, T. H. Absolute risk of tobacco deaths: one in two smokers will be killed by smoking: comment on “Smoking and all-cause
mortality in older people”. Arch. Intern. Med. 172, 845-846 (2012).
. Watson, W. L. & Conte, A. . Smoking and lung cancer. Cancer 7, 245-249 (1954).
. Stell, P. Smoking and laryngeal cancer. Lancet 299, 617-618 (1972).
. Michalopoulos, A. Smoking and COPD. Tobacco Induced Diseases 3, 30 (2005).
. Tresch, D. D. & Aronow, W. S. Smoking and coronary artery disease. Clin. Geriatr. Med. 12, 23-32 (1996).
. Shinton, R. & Beevers, G. Meta-analysis of relation between cigarette smoking and stroke. BM] 298, 789-794 (1989).
. Rimm, E. B,, Chan, J., Stampfer, M. J., Colditz, G. A. & Willett, W. C. Prospective study of cigarette smoking, alcohol use, and the risk
of diabetes in men. BMJ 310, 555-559 (1995).
9. Willi, C., Bodenmann, P, Ghali, W. A, Faris, P. D. & Cornuz, J. Active smoking and the risk of type 2 diabetes: a systematic review
and meta-analysis. JAMA 298, 2654-2664 (2007).
10. Yang, G. et al. Smoking in China: findings of the 1996 National Prevalence Survey. JAMA 282, 1247-1253 (1999).
11. Yang, G. H., Ma, J. M,, Liu, N. & Zhou, L. N. [Smoking and passive smoking in Chinese, 2002]. Zhonghua Liu Xing Bing Xue Za Zhi
26, 77-83 (2005).
12. Yang, Y., Wang, J. J., Wang, C. X,, Li, Q. & Yang, G.-H. Awareness of tobacco-related health hazards among adults in China. Biomed.
Environ. Sci. 23, 437-444 (2010).
13. Katanoda, K. et al. Tobacco control challenges in East Asia: proposals for change in the world’s largest epidemic region. Tob. Control
23, 359-368 (2014).
14. Ishii, T., Wakabayashi, R., Kurosaki, H., Gemma, A. & Kida, K. Association of serotonin transporter gene variation with smoking,
chronic obstructive pulmonary disease, and its depressive symptoms. J. Hum. Genet. 56, 41-46 (2011).
15. Duggirala, R., Almasy, L. & Blangero, ]. Smoking behavior is under the influence of a major quantitative trait locus on human
chromosome 5q. Genet. Epidemiol. 17 suppl 1, S139 (1999).
16. Li, M. The genetics of nicotine dependence. Curr. Psychiatry Rep. 8, 158-164 (2006).
17. Wang, D., Ma, J. & Li, M. Mapping and verification of susceptibility loci for smoking quantity using permutation linkage analysis.
Pharmacogenomics J. 5, 166-172 (2005).
18. Li, M., Ma, J. & Beuten, J. Progress in searching for susceptibility loci and genes for smoking-related behaviour. Clin. Genet. 66,
382-392 (2004).
19. Thorgeirsson, T. E. et al. Sequence variants at CHRNB3-CHRNAG6 and CYP2A6 affect smoking behavior. Nat. Genet. 42, 448-453
(2010).
20. Tobacco and Genetics Consortium. Genome-wide meta-analyses identify multiple loci associated with smoking behavior. Nat.
Genet. 42, 441-447 (2010).

0NN AW

SCIENTIFICREPORTS | 6:22799 | DOI: 10.1038/srep22799 8



www.nature.com/scientificreports/

21. Liu, J. Z. et al. Meta-analysis and imputation refines the association of 15q25 with smoking quantity. Nat. Genet. 42, 436-440 (2010).

22. Thorgeirsson, T. E. et al. A variant associated with nicotine dependence, lung cancer and peripheral arterial disease. Nature 452,
638-642 (2008).

23. Saccone, N. L. et al. Multiple independent loci at chromosome 15q25.1 affect smoking quantity: a meta-analysis and comparison
with lung cancer and COPD. PLoS Genet. 6, 1-16 (2010).

24. Saccone, S. E et al. Systematic biological prioritization after a genome-wide association study: an application to nicotine dependence.
Bioinformatics 24, 1805-1811 (2008).

25. Rice, . P. et al. CHRNB3 is more strongly associated with Fagerstrom test for cigarette dependence-based nicotine dependence than
cigarettes per day: phenotype definition changes genome-wide association studies results. Addiction 107, 2019-2028 (2012).

26. David, S. P. et al. Genome-wide meta-analyses of smoking behaviors in African Americans. Transl. Psychiatry 2, €119 (2012).

27. Korte, A. & Farlow, A. The advantages and limitations of trait analysis with GWAS: a review. Plant Methods 9, 29 (2013).

28. He, Y. et al. Prevalence of the metabolic syndrome and its relation to cardiovascular disease in an elderly Chinese population. J. Am.
Coll. Cardiol. 47, 1588-1594 (2006).

29. Yang, S. et al. Changes in and patterns of smoking exposure in an elderly urban population in Beijing: 2001-2010. PLoS One 10,
€0118500 (2015).

30. World Health Organization. Guidelines for the conduct of tobacco-smoking surveys among health professionals: report of a WHO
meeting held In Winnipeg, Canada, 7-9 July 1983 in collaboration with UICC and ACS (1984).

31. Azimi, C. & Lotfi, M. Association of smoking habits of mother during pregnancy with pregnancy outcome. Iran J. Public Health 42,
748-757 (2013).

32. Mathers, M., Toumbourou, J., Catalano, R., Williams, J. & Patton, G. Consequences of youth tobacco use: a review of prospective
behavioural studies. Addiction 101, 948-958 (2006).

33. WGOC. Chinese adult overweight and obesity prevention and control guidelines (excerpts). Acta Nutr. Sin. 26, 1-4 (2004).

34. Lewis, C. M. Genetic association studies: design, analysis and interpretation. Brief Bioinform. 3, 146-153 (2002).

35. Belsky, D. W. et al. Polygenic risk and the developmental progression to heavy, persistent smoking and nicotine dependence:
evidence from a 4-decade longitudinal study. JAMA Psychiatry 70, 534-542 (2013).

36. Qi, Q. et al. Sugar-sweetened beverages and genetic risk of obesity. N. Engl. J. Med. 367, 1387-1396 (2012).

37. Kaiping Zhao, Y. W. Comparison of MAFs and haplotype frequencies for SNPs in ROR2 gene of CHB and CEU. Chin. Prevent. Med.
12, 985-990 (2011).

38. Burchard, E. G. et al. The importance of race and ethnic background in biomedical research and clinical practice. N. Engl. J. Med.
348, 1170-1175 (2003).

Acknowledgements

We thank Drs. Y. Jiang, Q. Chang, K. Feng and WY. Kang, as well as Miss Wang, from the PLA general hospital
for research assistance with field work. This study was supported by the National Natural Science Foundation
of China (81373080), Beijing Municipal Science and Technology Commission (Z2121107001012070), Beijing
Municipal Science and Technology Commission (D121100004912003) and Chinese PLA General Hospital
Doctor Innovation Foundation (13BCZ07).

Author Contributions

S.S.Y. and Y.H. conceived and designed the study. S.S.Y., JH.W,, YY.W,, LW.,, J.Z., M.L., D.Z. and B.]. performed
the experiments and field work. S.S.Y. and J.H.W. wrote the paper. Y.H., ].Z. and X.Y.L. reviewed and edited the
manuscript. All authors read and approved the manuscript.

Additional Information
Supplementary information accompanies this paper at http://www.nature.com/srep

Competing financial interests: The authors declare no competing financial interests.

How to cite this article: Yang, S. et al. Genetic scores of smoking behaviour in a Chinese population. Sci. Rep. 6,
22799; doi: 10.1038/srep22799 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images

= or other third party material in this article are included in the article’s Creative Commons license,
unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license,
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/

SCIENTIFICREPORTS | 6:22799 | DOI: 10.1038/srep22799 9


http://www.nature.com/srep
http://creativecommons.org/licenses/by/4.0/

	Genetic scores of smoking behaviour in a Chinese population
	Introduction
	Design and Methods
	Study sample
	Measurement of smoking behaviour
	Measurement of covariates
	Genotyping
	Genetic score
	Statistical analysis
	Ethical considerations

	Results
	Patient characteristics
	Effect of genetic score on smoking behaviour
	Genetic score type 1
	Genetic score type 2
	Genetic score type 3

	Receiver-operating characteristic (ROC) curves

	Discussion
	Additional Information
	Acknowledgements
	References



 
    
       
          application/pdf
          
             
                Genetic scores of smoking behaviour in a Chinese population
            
         
          
             
                srep ,  (2016). doi:10.1038/srep22799
            
         
          
             
                Shanshan Yang
                Yao He
                Jianhua Wang
                Yiyan Wang
                Lei Wu
                Jing Zeng
                Miao Liu
                Di Zhang
                Bin Jiang
                Xiaoying Li
            
         
          doi:10.1038/srep22799
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 Macmillan Publishers Limited
          10.1038/srep22799
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep22799
            
         
      
       
          
          
          
             
                doi:10.1038/srep22799
            
         
          
             
                srep ,  (2016). doi:10.1038/srep22799
            
         
          
          
      
       
       
          True
      
   




