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The aim of our study was to evaluate the morphogenetic variability as a marker of 

smoking dependency in adult smokers versus controls and to investigate the presence 

and the degree of morphogenetic variability difference between male and female 

smokers versus same gender controls. The cross-sectional study evaluated 241 smokers 

and 185 nonsmoker individuals as controls. We analyzed 17 homozygous recessive 

characteristics (HRC). There was a significant difference in the individual variations of 

17 HRCs between the controls and smokers (∑χ2=61.400, p<0.001; for females 

∑χ2=79.440, p<0.001; for males ∑χ2=84.972, p<0.001). The mean values of HRCs 

significantly differed between smokers and controls (MV±SEM(Controls) –4.79±0.13, 

MV±SEM(Smokers) –5.70±0.12; p<0.001). For males, presence of 6/17 (35.29% genetic 

homozygosity) HRCs (OR=6.12) was to the certain degree predictor for smoking 

dependency. Higher degree of genetic homozygosity, changed variability and male 

gender, might be some among potential numerous factors that could have impact on 

smoking development and dependence. 
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INTRODUCTION 

Previous studies have noticed that there is rather more than one gene involved in 

susceptibility to nicotine addiction (DAVIES and SOUNDY, 2009). It was also stated that smoking 
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could be considered as complex multifactorial behavior with the heredity contribution for the 

maintenance and dependence of around 67% (LERMAN and BERRETTINI, 2003). Furthermore, 

several studies pointed to the genetic role on smoking behavior and nicotine dependence in twin 

studies as well as family and adoption studies (KAPRIO, 2009; OSLER et al., 2001).  

However, it should be underlined that there are two distinctive phases in the smoking 

behavior, where the first refers to the smoking initiation and the second to the nicotine 

dependence. In the study of VINK et al. (2005), it was shown that nicotine dependence was 

genetically more influenced than smoking initiation. This warrants further investigations on the 

role of genetics in both processes. 

Assuming that smoking dependency might be of multifactorial origin, it should be 

stressed from previous studies that certain social and environmental factors also may have some 

influence on the expression of genetic tendencies for the tobacco use (HAMILTON et al., 2006). In 

the meta-analysis of LI et al. (2003), there was a difference between genders in terms of genetic 

role for smoking initiation and smoking persistence. 

The objective of our study was twofold, first we aimed to evaluate the morphogenetic 

variability as a marker of smoking dependency in adult smokers versus controls, by the 

observation of a group of clearly expressed homozygous recessive traits, and second to 

investigate the presence and the degree of morphogenetic variability difference between male 

and female smokers versus same gender controls. 

 

MATERIAL AND METHODS 

Study Group 

The cross-sectional study evaluated 241 smokers and additionally, as the control we 

evaluated 185 nonsmoker individuals. The group of smokers in this study included people who 

consume 20 and more cigars per day. Both groups of individuals belonged to the same ethnic 

group (Serbian population) and from the similar social-economic background. The study 

participants from the both smokers and control groups were chosen randomly by computer 

(method of simple random sampling) from the local Health care facility. Before inclusion into 

the study of selected participants, they were explained the study protocol and informed consent 

was obtained. Study followed the principals of good clinical practice. 

 

Study Methods 

Homozygous recessive characteristics test (HRC-test) was previously administered in 

the evaluation of the degree of recessive homozygosity and variability in tested samples of 

participants with various conditions. For this study 17 HRCs were analyzed, where traits of 

extreme appearance were noticed as a positive present expression. The HRC-test that has been 

developed by authors of Belgrade population genetics school is used to investigate the proportion 

of homozygously-recessive clearly-expressed traits in tested respondents as markers of 

chromosomal homozygosities, pointing to the degree of genetic homozygosity in humans 

(MARINKOVIC et al., 2008; NIKOLIC et al., 2012a; MARINKOVIC et al., 1994; MARINKOVIC and 

CVJETICANIN, 2013). Such test could be considered as a method for estimating the individual 

homozygosity and is done by the direct observation of defined phenotype traits (MARINKOVIC et 

al., 2008; NIKOLIC et al., 2012a; MARINKOVIC et al., 1994; MARINKOVIC and CVJETICANIN, 2013; 
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NIKOLIC et al., 2010; MILAŠINOVIĆ et al., 2017; NIKOLIC et al., 2012b; KARAN et al., 2018; SAVIC 

et al., 2018; PETRICEVIC and CVJETICANIN, 2011; CVJETICANIN and MARINKOVIC, 2009; 

CVJETIĆANIN, 2009). To preserve the same objectivity and equal criteria for estimation of HRCs 

presence, one person performed the testing on both studied population samples. 

 

Tested Determinants 

Study evaluated 17 HRCs in every respondent: attached ear lobes (OMIM number 

128900), blue eyes (gene location 15q12, 15q13, OMIM number 227220; 5p13 OMIM number 

227240; 14q32.1, OMIM number 210750; 9q23 OMIM number 612271), straight hair (1q21.3, 

OMIM number 139450), soft hair and blond hair (gene location 15q12, 15q13, OMIM number 

227220; 14q32.1, OMIM number 210750; 12q21.3 OMIM number 611664; 11q13.3, OMIM 

number 612267), double top on the hair, reverse top on the hair (OMIM number 139400), as well 

as an inability to tong rolling and and curving (OMIM number 189300), and a guttural “r” 

(MARINKOVIC and CVJETICANIN, 2013), proximal thumb extensibility, index finger longer than 

4th finger (OMIM number 136100), left-handedness (gene location 2p12-q22, OMIM number 

139900), right thumb over left thumb (hand clasping) (OMIM number 139800), three strings in 

the wrist, absence of mid digital hair and thumb backward movability (OMIM).  

 

Statistical Analysis 

HRC frequencies in both smokers and controls were presented as whole numbers and 

percentages, while average proportions of HRCs were represented as mean values (MV) and 

standard error of mean (SEM). The chi-squared test (χ2) was performed to compare frequencies 

of HRCs between smokers and control groups. Comparison of HRC mean values between 

smokers and control groups was done by the Mann Whitney U test. To evaluate significant 

predictors of number of HRCs between smokers and control group, odds ratio (OR) was 

performed. Statistical significance was set on p<0.05. 

 

RESULTS 

In Table 1, distribution of HRC frequencies for the controls and smokers were 

presented. With an increase in 12 out of 17 observed characters, there were 4 HRCs that 

occurred significantly more frequently in total sample of smokers (soft hair, right thumb over left 

thumb, three strings in the wrist and absence of mid digital hair). There was a significant 

difference in the individual variations of 17 HRCs between the controls and smokers 

(∑χ2=61.400; degree of freedom (df)=16, p<0.001). 

In Table 2, distribution of HRC frequencies for the male controls and male smokers 

were presented. There were 5 HRCs that occurred significantly more frequently in male smokers 

(soft hair, right thumb over left thumb, thumb backward movability, three strings in the wrist and 

absence of mid digital hair). There was a significant difference in the individual variations of 17 

HRCs between the male controls and male smokers (∑χ2=84.972; degree of freedom (df)=16, 

p<0.001). 

In Table 3, distribution of HRC frequencies for the female controls and female smokers 

were presented. There were 8/17 HRCs that were significantly higher in female smokers (strait 

hair, blond hair, soft hair, blue eyes, inability to tongue curving and rolling, right thumb over left 
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thumb and absence of mid digital hair). There was a significant difference in the individual 

variations of 17 HRCs between the female controls and female smokers (∑χ2=79.440; degree of 

freedom (df)=16, p<0.001).  

 

Table 1. Frequencies of homozygous recessive characteristics in smokers and control group of individuals 

                                                                     S                          C 

                                       HRC                                                    N= 241                N= 185                  
2  

                                                                   N (%)                   N (%) 

1. Strait hair 160 (66.39) 106 (57.30) 1.442 

2. Blond hair 70 (29.05) 44 (23.78) 1.168 

3. Soft hair 125 (51.87) 57 (30.81) 14.395*** 

4. Double top on the hair 20 (8.30) 22 (11.89) 1.084 

5. Reverse top on the hair 28 (11.62) 17 (9.19) 0.643 

6. Blue eyes 96 (39.83) 61 (32.97) 1.427 

7. Attached ear lobes 69 (28.63) 60 (32.43) 0.445 

8. Inability to tongue curving 65 (26.97) 35 (18.92) 3.425 

9. Inability to tongue rolling 73 (30.29) 46 (25.86) 0.759 

10. Left-handedness 28 (11.62) 18 (9.73) 0.367 

11. Index finger longer than 4th finger 78 (32.37) 87 (47.03) 4.570* 

12. Right thumb over left thumb 143 (59.34) 74 (40) 9.351** 

13. Thumb backward movability 97 (40.25) 66 (35.68) 0.585 

14. Proximal thumb extensibility 74 (30.71) 67 (36.22) 0.838 

15. Three strings in the wrist 103 (42.74) 50 (27.03) 9.131** 

16. Absence of mid digital hair 137 (56.85) 68 (36.76) 10.980*** 

17. Speaking deficiency (guttural “r”) 7 (2.90) 9 (4.86) 0.790 

                                                                                                                         ΣX2
C/S=61.400*** 

HRC- Homozygous recessive characteristics; S-Smokers; C- Controls; *p<0.05; **p<0.01; ***p<0.001  

 

Table 2. Frequencies of homozygous recessive characteristics in male smokers and male control group of 

individuals  

                                                             SM                    CM 

                                  HRC                                                        N= 156             N= 100                    2  

                                                                     N (%)                   N (%) 

1. Strait hair 100 (64.10) 60 (60) 0.280 

2. Blond hair 43 (27.56) 25 (25) 0.262 

3. Soft hair 84 (53.85) 30 (30) 18.961*** 

4. Double top on the hair 18 (11.54) 17 (17) 1.754 

5. Reverse top on the hair 23 (14.74) 12 (12) 0.626 

6. Blue eyes 65 (41.67) 40 (40) 0.070 

7. Attached ear lobes 46 (29.49) 27 (27) 0.230 

8. Inability to tongue curving 37 (23.72) 19 (19) 1.173 

9. Inability to tongue rolling 45 (28.85) 28 (28) 0.026 

10. Left-handedness 18 (11.54) 10 (10) 0.237 
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11. Index finger longer than 4th finger 41 (26.28) 44 (44) 7.136** 

12. Right thumb over left thumb 96 (61.54) 43 (43) 7.994** 

13. Thumb backward movability 69 (44.23) 29 (29) 7.998** 

14. Proximal thumb extensibility 48 (30.77) 31 (31) 0.002 

15. Three strings in the wrist 87 (55.77) 30 (30) 22.136*** 

16. Absence of mid digital hair 81 (51.92) 32 (32) 12.400*** 

17. Speaking deficiency (guttural “r”) 3 (1.92) 7 (7) 3.687 

                                                                                                                     ΣX2
Cm/Sm= 84.972*** 

 HRC- Homozygous recessive characteristics; SM-Male Smokers; CM- Male Controls; *p<0.05; **p<0.01; ***p<0.001    

 

Table 3. Frequencies of homozygous recessive characteristics in female smokers and female control group 

of individuals 

                                                            SF                                 CF 

                                 HRC                                               N= 85                       N = 85                                                 
2  

                                                        N (%)                          N (%) 

1. Strait hair 60 (70.59) 46 (54.12) 5.012* 

2. Blond hair 27 (31.76) 19 (22.35) 3.962* 

3. Soft hair 41 (48.24) 27 (31.76) 8.551** 

4. Double top on the hair 2 (2.35) 5 (5.88) 2.119 

5. Reverse top on the hair 5 (5.88) 5 (5.88) 0.000 

6. Blue eyes 31 (36.47) 21 (24.71) 5.597* 

7. Attached ear lobes 23 (27.06) 33 (38.82) 3.563 

8. Inability to tongue curving 28 (32.94) 16 (18.82) 10.594** 

9. Inability to tongue rolling 28 (32.94) 18 (21.18) 6.530* 

10. Left-handedness 10 (11.76) 8 (9.41) 0.587 

11. Index finger longer than 4th finger 37 (43.53) 43 (50.59) 0.985 

12. Right thumb over left thumb 47 (55.29) 31 (36.47) 9.712** 

13. Thumb backward movability 28 (32.94) 37 (43.53) 2.576 

14. Proximal thumb extensibility 26 (30.59) 36 (42.35) 3.266 

15. Three strings in the wrist 16 (18.82) 20 (23.53) 0.943 

16. Absence of mid digital hair 56 (65.88) 36 (42.35) 13.073*** 

17. Speaking deficiency (guttural “r”) 4 (4.71) 2 (2.35) 2.370 

                                                                                                                        ΣX2
Cf/Sf=79.440*** 

HRC- Homozygous recessive characteristics; SF-Female Smokers; CF- Female Controls; *p<0.05; **p<0.01; ***p<0.001                        

 

 

In Table 4, association between the frequencies of HRCs between smokers and controls 

separately for both genders were presented. For males, presence of 6/17 (35.29% genetic 

homozygosity) HRCs (OR=6.12) was significant predictor for smoking dependency. 

 



1014                                                                                                      GENETIKA, Vol. 52, No3, 1009-1019, 2020 

Table 4. Statistical evaluation of frequencies of homozygous recessive characteristics between smokers and 

controls for males and females  

HRC number SM 

(N=156) 

N (%) 

CM 

(N=100) 

N (%) 

OR 

(95% CI) 

SF 

(N=85) 

N (%) 

CF 

(N=85) 

N (%) 

OR 

(95% CI) 

1 1 (0.64) 0 (0) - 0 (0) 3 (3.53) - 

2 3 (1.92) 2 (2) 0.96 

(0.16-5.85) 

6 (7.06) 5 (5.88) 1.22 

(0.36-4.14) 

3 11 (7.05) 21 (21) 0.29** 

(0.13-0.62) 

8 (9.41) 10 (11.76) 0.78 

(0.29-2.08) 

4 26 (16.67) 28 (28) 0.51* 

(0.28-0.94) 

9 (10.59) 21 (24.71) 0.36* 

(0.15-0.84) 

5 23 (14.74) 23 (23) 0.58 

(0.30-1.10) 

21 (24.71) 20 (23.53) 1.07 

(0.53-2.15) 

6 38 (24.36) 5 (5) 6.12*** 

(2.32-16.15) 

18 (21.18) 12 (14.12) 1.63 

(0.73-3.65) 

7 29 (18.59) 10 (10) 2.06 

(0.95-4.43) 

8 (9.41) 8 (9.41) 1.00 

(0.36-2.80) 

8 16 (10.26) 9 (9) 1.16 

(0.49-2.73) 

9 (10.59) 6 (7.06) 1.56 

(0.53-4.59) 

9 5 (3.21) 2 (2) 1.62 

(0.31-8.53) 

4 (4.71) 0 (0) - 

10 3 (1.92) 0 (0) - 2  (2.35) 0 (0) - 

11 1 (0.64) 0 (0) - 0 (0) 0 (0) - 

HRC- Homozygous recessive characteristics; SM-Male Smokers; CM- Male Controls; SF-Female Smokers; CF- Female 

Controls; *p<0.05; **p<0.01; ***p<0.001 

 

 

The mean values of HRCs significantly differed between smokers and controls 

(MV±SEM(C)–4.79±0.13, MV±SEM(S)–5.70±0.12, z=5.089, p<0.001), (Figure 1). The most 

frequent average number of HRCs for the controls was 4 (26.49% of individuals) and for 

smokers it was 6 (23.24% individuals) (Figure 1). 

Results of our study show that there is no difference in the degree of genetic 

homozygosity between genders in the controls (zCONTROLS (M/F) =-0.158; p>0.05), and between 

genders in the group of smokers zSMOKRES (M/F) =1.164; p>0.05) 

The mean values of HRCs significantly differed between male smokers and male 

controls (MV±SEMMALES(C)–4.84±0.17, MV±SEMMALES(S)–5.79±0.14, z=4.279, p<0.001), 

(Figure 2). The most frequent average number of HRCs for the male controls was 4 (28%) and 

for male smokers it was 6 (24.36%) (Figure 2). 

The mean values of HRCs significantly differed between female smokers and female 

controls (MV±SEMFEMALES(C)–4.74±0.19, MV±SEMFEMALES(S)–5.52±0.21, z=2.579, p<0.01), 

(Figure 3). The most frequent average number of HRCs for the female controls was 4 (24.71%) 

and for female smokers it was 5 as well but in slightly higher proportion (24.71%) (Figure 3). 
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Control (C)           N=185        MV±SEMhrc/17=4.79±0.13 

Smokers (S)    N=241        MV±SEMhrc/17=5.70±0.12        zC/S =5.089; p<0.001   

 

Figure 1. Distribution of homozigously-recessive characteristics (HRC-test) based on the study of 17 

qualitative morpho-physiological traits in the groups of smokers (S) and controls (C) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Control (CM)           N=100        MV±SEMhrc/17=4.84±0.17 

Smokers (SM)          N=156        MV±SEMhrc/17=5.79±0.14        zMALES(C/S) =4.279; p<0.001   

 

Figure 2. Distribution of homozigously-recessive characteristics (HRC-test) based on the study of 17 

qualitative morpho-physiological traits in the groups of male smokers (SM) and male controls 

(CM) 
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Control (CF)            N=85           MV±SEMhrc/17=4.74±0.19 

Smokers (SF)         N=85           MV±SEMhrc/17=5.52±0.21          zFEMALES(C/S) =2.579: p<0.01 

 

Figure 3. Distribution of homozigously-recessive characteristics (HRC-test) based on the study of 17 

qualitative morpho-physiological traits in the groups of female smokers (SF) and female controls 

(CF) 

 

DISCUSSION 

Previous studies stated that the risk of smoking persistence could be more strongly 

associated with genetic factors, versus the risk of smoking initiation, which is influenced by 

environmental and genetic factors (MUNAFO and JOHNSTONE, 2008). So far, suggestive linkage 

for the tobacco dependence was reported for a 13-cM interval on chromosome 9q22 (MUNAFO 

and JOHNSTONE, 2008). Furthermore, it is important to stress the complexity of smoking 

dependency or persistence, since it was shown that it highly correlates with nicotine dependence 

(AGRAWAL and LYNSKEY, 2008). 

In our study we have shown that there is a significant increase in the degree of recessive 

homozygosity for the group of smokers versus controls (nonsmokers) regarding smoking 

dependency (C-4.79±0.13; S-5.70±0.12; p<0.001; Figure 1). Presence of a higher degree of 

recessive homozygosity might bring tested sample of individuals with a pattern of smoking 

dependence into a characteristic state of genetic-physiological homeostasis where certain 

processes could have the influence in the maintenance of smoking dependence. Moreover, an 

increase in recessive homozygosity might enlarge the degree of genetic loads, thus potentially 

causing a decrease in body immunity (MARINKOVIC and CVJETICANIN, 2013; SAVIC et al., 2018) 

when the organism could respond in a less wider variation to the mechanisms involved in the 

maintenance of smoking dependence. Further, significant difference in the individual variations 

of tested HRCs between these two groups of individuals (ΣX2
C/S=61.400; p<0.001; Table 1), 

% of 
Individuals 
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could suggest possible population-genetic difference with possible certain preferential 

phenotypes for greater potential for smoking dependence .  

Results of our study show that there is no difference in the degree of genetic 

homozygosity between genders in each tested group of individuals (MARINKOVIC et al., 2008; 

MILAŠINOVIĆ et al., 2017; CVJETIĆANIN, 2015; CVJETIĆANIN and MARINKOVIĆ, 2005), While both 

male and female smokers have significantly higher mean values of HRCs compared to female 

and male nonsmokers (ZMALES(C/S) =4.279, p<0.001; ZFEMALES(C/S) =2.579, p<0.01; Figure 2 and 

Figure 3). 

Previously it was stated that women have lower nicotine dependence, and men are more 

likely to smoke to maintain nicotine levels (ALLEN et al., 2016). We have demonstrated that in 

both genders separately smokers had significant increase in the degree of genetic homozygosity 

versus controls. Furthermore, there were more significant predictors in terms of number of HRCs 

for males’ smokers then females’ smokers (Table 4). These differences might suggest that 

different genetic predispositions might exist to the certain degree for males’ smokers for 

smoking dependency versus females. In addition to this, we have shown that male smokers had 

higher degree of genetic homozygosity then female smokers. Presence of different variations in 

HRC distribution between genders could influence the sensitivity degree of extreme genotype 

exposures to the risk of complex processes that could lead to the smoking dependency.  

Most likely cumulative interactions among genes as well as increased genetic 

homozygosity are those that might influence predisposition for easier development of smoking 

dependence. Therefore, higher degree of genetic homozygosity, changed variability and male 

gender, might be some among potential numerous factors that could have impact on smoking 

development and dependence. 
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Izvod 

Cilj našeg istraživanja je bio da se ispita morfogenetska varijabilnost kao marker zavisnosti od 

pušenja kod pušača adulta u odnosu na kontrolu kao i da se ispita stepen morfogenetske 

varijabilnosti između muškaraca i žena pušača u odnosu na isti pol u kontroli. Studija je 

obuhvatila 241 pušača i 185 kontrola (nepušača). Ispitivano je 17 homozigotno recesivnih 

osobina (HRO). Postoji signifikantna razlika u individualnoj varijaciji 17 HRO između kontrole i 

pušača (∑χ2=61.400, p<0.001; za žene ∑χ2=79.440, p<0.001; za muškarce ∑χ2=84.972, 

p<0.001). Srednja vrednost (SV) HRO se signifikantno razlikuje između pušača i kontrole 

(SV±SG(Kontrola) –4.79±0.13, SV±SG(Pušači) –5.70±0.12; p<0.001). Za muškarce, prisustvo 6/17 

(35.29% genetičke homozigotnosti) HRO (OR=6.12) je u izvesnom stepenu prediktor zavisnosti 

od pušenja. Viši stepen genetičke homozigotnosti, izmenjena varijabilnost i muški pol, mogu biti 

među potencijalnim faktorima koji u izvesnoj meri imaju uticaj na pušenje.  
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