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DESCRIPTION
Despite increasing unfavourable health effects, smoking 
cigarettes continues to be the largest cause of premature mortality 
worldwide. More than 7 million people die from smoking-related 
illnesses each year, including cancer, Chronic Obstructive 
Pulmonary Disease (COPD), and heart disease. The process of 
quitting smoking cigarettes involves several stages, including 
initiation, regular smoking, Nicotine Dependence (ND), and 
cessation. The results of the Genome-Wide Association Studies 
(GWAS) and Sequencing Consortium of Alcohol and Nicotine 
Use (GSCAN) with sample sizes up to 1.2 million people 
demonstrate that each step has a significant genetic component 
and that partial overlaps are expected among the sets of sequence 
variants correlating with the various stages. 259 of the 298 
genome-wide significant loci harboured substantial relationships 
with initiation, including significant associations with age at 
initiation, Cigarettes per Day (CPD), and/or cessation.

The Fagerstrom Test for Nicotine Dependence (FTND), also 
known as the Fagerström Test for Cigarette Dependency, offers a 
composite phenotype that identifies a number of behavioural 
and psychological characteristics of ND in smokers. While CPD 
is linked to important ND markers, such as cessation likelihood, 
the FTND includes 5 additional elements that provide additional 
useful information. FTND is more strongly connected with 
withdrawal severity than CPD7 and is meaningfully associated 
with tobacco use diagnostic criteria from the Diagnostic and 
Statistical Manual of Mental Disorders. The Time-To-First-
Cigarette in the Morning (TTFC) item, which appears to be 
particularly strongly associated with relapse likelihood and may 
be an exceptionally instructive indicator of ND19 heredity, may 
be the reason for its validity. As a result, the FTND offers some 
information that CPD alone does not, and because of its less 
widespread availability across datasets, it has received less 
attention from genetic researchers.

We went back to the iNDiGO studies, evaluated SNP 
relationships with each unique FTND item, and merged the data 
using cross-ancestry meta-analyses to assess if the novel genome-
wide connections were driven by distinct FTND items or shared

across items. Using the findings from the cross-ancestry GWAS 
meta-analysis, relevant SNPs for smoking features found in 
GSCAN were extended to ND. We focused on the 55 genome-
wide significant SNPs from 40 loci related with CPD because 
they had the best genetic connection with ND. We used pairwise 
GWAS (GWAS-PW) to discover common genetic associations 
between FTND and each of the variables having statistically 
significant genetic relationships with ND from the personality, 
psychiatric, drug and alcohol use, and smoking categories.

In order to determine if a specific genomic region has a variant 
that affects only ND, only the other trait, or both ND and the 
other trait, GWAS-PW gives posterior probabilities for a number 
of models of genetic influence. It also takes into account the 
possibility that the region has a mutation that affects ND and a 
different variant affects the other trait. When comparing 
alcoholism and ND, both new FTND-associated GWAS loci 
displayed high probabilities for model 4. Moreover, the vicinity 
of rs2714700 displayed high model 4 probability for comparisons 
with schizophrenia and depressed symptoms. Large model 3 
probabilities for the onset of smoking and major depressive 
illness were present in the rs1862416 area. Rs1862416 was found 
inside the borders of a genome-wide important locus for smoking 
initiation, and conditional modelling utilizing Genome-wide 
Complex Trait Analysis (GCTA) was used to investigate the 
independence of association signals at the single variation level. 
Additional GSCAN loci were found to influence single 
component smoking features, but our investigation found no 
indication of a link, suggesting that these loci affect smoking at 
stages other than ND or that their effects on ND are too weak to 
be identified. We anticipate that there are more GSCAN-
identified loci that are connected to ND, but finding them will 
require a bigger sample size. These findings show the value of 
examining the genetics of the composite ND phenotype in 
comparison to GWAS of other smoking variables in order to 
distinguish between loci that are specific to one stage vs. loci that 
influence many stages in order to comprehend the complete 
range of smoking behaviours.

In addition to the smoking traits, we found significant genetic 
relationships between ND and alcohol dependence 30 years of 
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education38, neuroticism, and comorbid psychiatric traits 
(attention deficit hyperactivity disorder, bipolar disorder, major 
depression, schizophrenia, and posttraumatic stress disorder), as 
well as the negative health effects of smoking (lung cancer36 and 
coronary artery disease). Some of these data support while some 
relationships go as far as to confirm ND earlier findings for the 
single component smoking features. These data strengthen the 
argument that, in addition to other brain regions with relevance 

for addiction, the cerebellum may also have a role in ND risk. 
Further research is required to determine whether the cerebellar 
gene regulatory effects in the etiology of ND are caused by 
neuronal activity, nevertheless, given that the cerebellum has a 
higher concentration of neurons than other brain parts. 
Furthermore, even while ND and another trait's genetic 
correlations imply similar genetics underpinning the phenotypes, 
many processes can result in meaningful correlations.
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