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ABSTRACT: 

Objectives: Paan chewing is a recognized risk factor for oral cancer in the Asian population. 
However, there is currently little evidence about the intergenerational psychosocial transmission 
of paan chewing in South Indian families. We investigated the association between parental and 
participant’s paan chewing in a South Indian population. 
Methods: A subset of data was drawn from a hospital-based case-control study on oral cancer, 
the HeNCe Life study, conducted at Government Dental and Medical Colleges of Kozhikode, 
South India. Analyses were based on 371 non-cancer control participants having diseases 
unrelated to known risk factors for oral cancer. Demographics, behavioural habits (e.g., paan 
chewing, smoking), and indicators of socioeconomic position (SEP) of both participants and 
their parents were collected with the use of a questionnaire-based interview and a life grid 
technique. Unconditional logistic regression assessed odds ratios (OR) and 95% confidence 
intervals (95%CI) for the associations between parental and participant’s paan chewing, adjusted 
for confounders. 
Results: Over half of the participants were male (55.2%) and the mean age of participants was 
59 (SD=12) years. After adjusting for age, religion, parents’ SEP, parents’ education, smoking 
and alcohol consumption, and perceived parenting behaviour we observed that maternal and 
paternal paan chewing were significantly associated with the participant’s paan chewing 
(OR=2.40, 95%CI=1.11–5.21) and (OR=3.05, 95%CI=1.48–6.27), respectively.  
Conclusions: Intergenerational psychosocial transmission of the habit of paan chewing could 
occur through shared socio-cultural or environmental factors.  
Keywords: Intergenerational relation; betel quid chewing; lifecourse  
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1. INTRODUCTION  
Tobacco use, a well-established etiological factor for oral cancer, is a highly prevalent habit in 
India. By 2030, mortality related to this habit is expected to rise to more than 8.3 million globally 
(1). Smokeless tobacco is the most common form of tobacco use practiced by over 26% of the 
Indian population (2). Paan (betel quid with or without tobacco) is one of the most prevalent 
forms of smokeless tobacco, with 49.7 million (8%) users in the country (2). Although the 
components of paan may vary according to geographical area, it is usually a mixture of areca nut 
(from the areca catechu tree), slaked lime (calcium hydroxide) with or without tobacco, wrapped 
in a piper betel leaf (3). The prevalence of paan chewing, the strongest oral cancer risk factor in 
India, is increasing among the youth in this population (4). The International Agency for 
Research on Cancer (IARC) has classified betel quid with or without tobacco as a human 
carcinogen (Group 1) (3). 
Several theories have been put forward to explain the way in which parents can influence their 
children’s behaviour. The social learning theory argues that learning occurs within a social 
context where people observe and imitate each other’s behavior. As children grow up, their most 
important social context is constituted by the family which makes parents the most influential 
people in a child’s socialization process (5,6). Children observed and copy their parents’ 
behaviour. Through generations, these mechanisms help to develop a shared cultural intelligence, 
which determines acceptable and unacceptable behaviors in a society (7). Social learning theory 
has been used to explain many characteristics of accruing moderate to high risk social behaviors 
including smoking, alcohol abuse and deviant behaviors (8,9). 
A recent systematic review on the social context of smokeless tobacco use showed that the mean 
age of initiation in the South Asian population was 15 years. Reasons for starting the habit 
included social and cultural acceptance, low cost and easy availability, peer pressure, taste, and 
mental relaxation effects (10). In addition, the most common social context of tobacco chewing 
was paan use by family members. Qualitative studies have also shown the cultural acceptability 
of the habit (10). Although parental influence and the contribution of parenting behaviour 
patterns to smoking (8,11–14) and alcohol habits (13,15–20) have been widely investigated, the 
intergenerational transmission of the paan chewing habit has received less attention (21–24). In 
addition, most of the studies have marked methodological limitations. For example, they are 
limited to descriptive analyses and often use a simplified conceptual framework without 
accounting for potential confounders (21–24). Furthermore, none of these studies has explored 
how parenting behaviors can modify the association between parental paan chewing and their 
offspring’s paan chewing, which is considered crucial in mediating intergenerational continuity 
of risk taking behaviors (25). Lastly, none of the previous studies has separately investigated 
maternal and paternal habits. Unlike Western cultures, where most of these studies were 
conducted, India has more interdependent family dynamics with a highly patrilineal society (26). 
Therefore, it is important to understand the gender roles in this transmission. In this paper, we 
investigate the extent to which subject’s father and mother paan chewing habits is associated 
with their own paan chewing behaviour. Furthermore, we explore whether this association is 
explained by parenting behaviour patterns. 

2. MATERIALS AND METHODS 
2.1 Study design 
This paper uses data collected from the control participants of a hospital-based case-control 
study investigating the etiology of cancer in the upper aero digestive tract. In brief, the Head and 
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Neck Cancer Etiology (HeNCe) Life Study was conducted at the Government Dental and 
Medical Colleges of Kozhikode, South India from 2008 to 2012. Cases were newly diagnosed 
and histologically confirmed oral squamous cell carcinoma (n=350). Control participants were 
non-cancer subjects (n=371) recruited from outpatient clinics of the same institutions as the 
cases, and were frequency-matched to cases by age and sex. 
The eligibility criteria were: (i) to be born in India; (ii) to be at least 18 years of age; (iii) to live 
within 150km of the hospital area; and (iv) to have no previous history of cancer or HIV 
infection. The study was approved by the Institutional Review Board of all participating 
institutions. 

2.2 Data collection 
After obtaining informed consent, trained dentists collected information during a questionnaire-
based interview using a life grid technique (27). Fieldwork operations, including the research 
instruments, were tested in a pilot study conducted during 2007-2008, and modifications were 
made accordingly. Detailed information was collected on indicators of socioeconomic position 
(SEP), psychosocial, and behavioural factors along the participant’s life span. For subjects who 
had difficulty speaking due to their disease (14.3% cases, 3.5% controls), interviews were 
conducted with the help of a proxy, usually a close family member.  

2.3 Data reduction for perceived parenting behaviors  
Participants’ perception of their mother’s and father’s parenting behaviors were recorded using a 
modified version of the parental bonding instrument (28) (7 questions), adapted from the 
Whitehall II study (29). Internal consistency of these questions was assessed using Cronbach’s 
alpha value. To identify the latent constructs measured by these questions, an exploratory factor 
analysis was carried out separately for maternal and paternal parenting behaviors. An oblimin 
rotation with delta 0 was applied and factors with an Eigenvalue > 1 were retained. Two latent 
constructs of subject’s perception of parenting behaviors were identified for each parent, 
resulting in four variables: maternal warmth, maternal strictness, paternal warmth and paternal 
strictness. Four questions regarding understanding, loving, affectionate and trustworthy 
behaviour of the parent loaded on the ‘warmth’ factor, and two questions regarding punishment 
and rules loaded on the ‘strictness’ factor. For better interpretability of the scores, the questions 
were combined based on their factor loadings (refer to supplementary material). Higher scores 
indicate higher parental warmth or strictness. 

2.4 Statistical analysis 
Information on each parent’s paan chewing was collected as ‘never’ or ‘ever chewer’ of paan (at 
least one year of habit history). Participant’s complete history of paan chewing was collected. 
The presence or absence of the habit was considered as the outcome of interest, where at least 
one year of paan chewing was used to classify subjects as ‘ever chewers’. Level of education 
was collected as years of education, and then categorized based on the historical context of 
Kerala, the study site (30). For participants born until 1950, more than four years of formal 
education was considered as a high educational attainment, whereas the same category was 
attributed to those with more than eight years of formal education for participants born after 
1950. 
Lifetime history of smoking and alcohol consumption was collected, and later categorized as 
“never” or “ever user”. Parent’s SEP was assessed using 9 questions about participant’s 
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childhood material adversities (housing conditions and amenities). Further, responses to each 
question were dichotomized, considering the presence or absence of amenities (e.g., toilet inside 
the house) and type of house building material denoting high or low material deprivation. These 
variables were then combined into an index by adding the scores of material deprivation, 
resulting in values ranging from 0 to 9. The index was further categorized into low and high SEP 
using the median as a cut-off point.  
Fifty-one (16%) participants had missing values in maternal or paternal education and one 
subject had missing information for paternal paan chewing. Multiple imputation by chained 
equation (MICE) was carried out to impute missing values; 20 imputed data sets were generated 
and “Rubin’s rules” were applied to combine estimates of interest across the imputed data sets 
(31). The missing value for paternal paan chewing was not imputed; this subject was excluded 
from the analysis. 
Causal diagrams are a visual representation of the causal relationships between variables in a 
source population. Directed acyclic graphs (DAG) are a type of causal diagram introduced by 
Pearl in 1995 (32). DAGs based on a priori knowledge are widely used to help plan data 
collection and analysis, in communicating results and to avoid pitfalls when selecting 
confounders (33,34). We used DAGs to identify the minimum set of confounders to be taken into 
account to estimate the true association between parental and participant’s paan chewing 
(Supplementary material Figure S3). Figure 1 present a simplified conceptual model of 
associations of interest informed from DAGs. Age, religious beliefs, parents’ SEP, and perceived 
parenting behaviour were identified as the minimum set of potential confounders, to be included 
in the multivariate analyses. Further, to distinguish the effect of maternal and paternal paan 
chewing, they were mutually adjusted for one another in the corresponding models.  
Data analyses included descriptive statistics and unconditional logistic regression to estimate 
odds ratios (OR) and 95% confidence intervals (95%CI) for the associations between parental 
and participant’s paan chewing. All analyses were carried out using STATA-12 (StataCorp LP, 
College Station, Texas, USA) (35). Because the hypothesized psychosocial transmission of paan 
chewing from parents to participants assumes that the participants were raised by their parents 
during childhood through adolescence, subjects who reported that they were not brought up by 
their parents (n=52, 14.0%), were excluded from the analysis resulting in a final sample of 318 
people.  

3. RESULTS 
We explored the representativeness of the final sample by comparing our results to a recently 
published survey published on the source population (Table 1). The prevalence of paan chewing 
in both samples was similar, denoting adequate representation in regard to the exposure of 
interest. Table 2 displays the frequency distribution of selected variables in our sample. 
Participants’ age ranged from 29 to 89 years with a mean age ± SD of 59.86 ± 11.8 years (Table 
2). More than 55% of the participants were males and 52 (16.3%) reported the habit of paan 
chewing for at least one year. The majority were Hindus (61.0 %) and literate (86.2%). Parental 
paan chewing was more prevalent among participants who were paan chewers: 76.9% and 61.5% 
of paan chewers reported that their mother and father had the habit, respectively (Table 3). 
In the model without adjusting for parental bonding variables, maternal and paternal paan 
chewing was significantly associated with participant’s paan chewing [(OR= 2.66, 95%CI: 1.25 
– 5.65) and (OR= 2.93, 95%CI: 1.44 – 5.95)] respectively (Table 3). In the model which 
considered parental bonding variables, even after adjusting for the paternal paan chewing, 
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subjects who had mothers with the paan chewing habit were 2.4 times more likely to adopt the 
habit compared to subjects whose mothers were not paan chewers [OR=2.40, 95%CI: 1.11 – 
5.21]. Similarly, after adjusting for maternal paan chewing, subjects who had fathers with the 
habit of paan chewing were 3 times more likely to be chewers compared to others 
[OR=3.05,95% CI: 1.48 – 6.27] (Table 3). Perceived maternal strictness was marginally 
significantly associated with the participants’ habit of paan chewing [OR= 1.34, 95% CI: 1.05 – 
1.70], whereas perceived maternal warmth had only a marginally significant effect [OR= 1.15, 
95% CI: 0.97 – 1.35]. Perceived paternal warmth and strictness were not significantly associated 
with the participants’ habit of paan chewing ([OR= 1.05, 95% CI: 0.93 – 1.18] and [OR= 1.00, 
95%CI: 0.80 – 1.27] respectively). 

4. DISCUSSION 
This study investigates the associations between parental and participant’s paan chewing habits, 
and explores whether this association is explained by parental behaviour. In doing so, this study 
adds to the literature by examining psychosocial intergenerational risk transmission in relation to 
paan chewing. This topic has been widely studied in the Western world with regard to 
transmission of alcohol abuse, smoking, adolescent delinquency and other anti-social behaviors, 
where parenting styles have been proposed to have a mediating and reinforcing effect 
(8,12,13,17,18,29,36). Our results suggest that maternal and paternal habit of paan chewing have 
an effect on the participant’s habit among subjects attending outpatient clinics of hospitals 
located in Kerala. Moreover, maternal and paternal contributions to the intergenerational risk 
transmission were similar. However, maternal strictness was significantly associated with 
participants’ habit of paan chewing even after adjusting for maternal paan chewing. Other 
measures of parental behaviors were not significantly or only marginally associated with the 
participant’s habit of paan chewing. 
Although a hospital-based study design limits the external validity of our results, our sample was 
representative of the source population in regard to paan chewing habit based on a recent 
population survey (Table 1) (2). There was only a single level of measurement in our study that 
is, participants described their parents’ habits; it was not reported by the parents themselves. This 
could be considered as a limitation of our study. However, there is no reason to believe that the 
participants will report the parental habit differently than their own except for recall bias. Our 
study adopted extensive measures to reduce recall bias with the help of a life grid technique to 
collect data within a life course framework (27). 
Cross-sectional study results have lower potential in explaining causality or association due to 
difficulty in establishing the temporal sequence of events, but there is no reason to expect that 
the current paan chewing status of the participant could result in differential recall of their 
parents’ habit. Even though biological causality cannot be judged, what is more meaningful from 
a knowledge translation point of view is that our results show the psychosocial risk for an 
intergenerational continuity of the paan chewing habit in a subgroup of individuals. This 
intergenerational continuity may result from a process by which one generation leads the 
subsequent generation to a disadvantaged life trajectory (25). 
Biological influence through genetic effects kept aside, the parent and offspring may have 
multiple shared social, cultural, lifestyle and environmental experiences which kick start the 
cycle of risk taking behaviors through generations. 
To our knowledge this is the first study to empirically investigate the association between 
perceived parental behaviors and participant’s habit of paan chewing in India. One aspect of this 
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relationship is the parenting style. Although our questionnaire is validated and derived from the 
parental bonding instrument (29), it was not specifically designed to measure parenting style. 
Nevertheless, it can provide insights into this important aspect of parent-child relationships. The 
mediation role of parenting styles has been well documented in the intergenerational continuity 
of smoking and alcohol (19,21,37,38). Most studies were conducted in Western populations, 
where authoritative parenting style is more common which allows the child greater 
independence. However, the authoritarian parenting style is more common in India, which is less 
flexible and includes strong discipline practices (26). 
Socio-cultural context and family dynamics in India differ from those in the Western world. 
Indian families are more interdependent compared to the Western autonomous lifestyle (39). 
Child rearing practices are also different; more parental control is considered as protection rather 
than constraint (26), and discipline practices extend to a social acceptance of corporal 
punishment (spanking and slapping) (40). In a hierarchical society such as India, there is a strict 
adherence to gender roles where a notion of a strict father and a kind mother has been 
documented (41). This observation supports our results showing that maternal strictness, which 
included questions on punishment and enforcement of rules, is significantly associated with the 
participant’s habit of paan chewing. High maternal strictness may have negatively affected the 
child’s psycho-social development contributing to paan chewing later in life. 
Research has proposed a conceptual framework exploring reasons for starting paan chewing 
among adolescents (42), but this framework has not been tested. Three main intergenerational 
psychosocial transmission processes have been suggested: 1) Role modeling by children – 
children try to imitate their parent which may lead to addiction; 2) Socialization of the child by 
the parent – parent-child interaction, social reinforcement, familial norms, easy access to the 
substance and parenting styles; 3) Genetic predisposition (11). 
Looking at transmission of behaviour has the advantage of targeting modifiable factors as 
opposed to looking only at intergenerational transmission of genetic factors because behaviors 
are partially chosen while genes are not. Also, if compared to the transmission of education, 
intergenerational transmission of behaviour is less affected by family socioeconomic 
circumstances. Parental behaviour is crucial for its consequences on the development of 
children’s behaviour resources along their life (19). 
One of the pathways through which children acquire behaviors from their parents is explained by 
social learning theory (5). The child can initiate the habit by direct or indirect interaction with a 
parent. When children observe their parents’ paan chewing, they may indirectly perceive the 
psychological and physiological rewards of the habit and this, coupled with children’s natural 
tendency to imitate parents, can lead to initiation of the habit of paan chewing. At this phase, 
parental reinforcement can modify the child’s behaviour; when the negative reinforcement is 
absent, the child assumes that the habit is acceptable in the family (6). 
A recent systematic review on the social context of smokeless tobacco use summarized the 
themes which evolved from different qualitative studies assessing determinants of initiation. 
These themes explain other socio-cultural determinants, including familial positive norms and 
misbeliefs about beneficial effects of paan, as well as using children to purchase tobacco 
products for elders in the family which may induce curiosity and lead them to experimentation 
(10). All these processes are valid in paan chewing, but more longitudinal, genetic and 
qualitative studies are needed to fully understand these complex processes. 
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4.1 Knowledge translation 
Our results show that both the association of maternal and paternal habit of paan chewing with 
participant’s paan chewing were statistically significant and similar. Moreover, only maternal 
strictness had a significant association with participant’s paan chewing; this is understandable in 
a South Indian context where children are emotionally closer to their mother than to their father 
(43). These results may have a significant impact on policy development. Indeed, more effective 
targeted interventions could be planned by identifying high risk populations and including 
parents in the school-based programs, thereby interrupting the intergenerational transmission of 
the paan chewing habit. Similar interventions have been shown to be effective in the field of 
smoking prevention, where school-based buddy programs resulted in reducing smoking not only 
among kids but also their parents (44). Furthermore, studies have shown that the adolescents 
perceived such interventions as highly motivating (45). 
Mass media campaigns tapping into the morality of a responsible parent have been taken up in 
many countries in regard to smoking, alcohol abuse and even road traffic awareness (46,47). 
Similar campaigns could be effective in breaking the role modeling and socializing process in the 
intergenerational transmission of the paan chewing habit. 
This study investigated maternal and paternal contributions to the intergenerational psychosocial 
transmission of paan chewing among South Indian subjects. The results suggest that the parental 
habit of paan chewing is a component of the complex shared social, genetic and environmental 
factors that contribute to an individual’s paan chewing. Our findings support the need for 
multigenerational psychosocial intervention for effective prevention of paan chewing in this 
population. 
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Table 1: Percentage distribution of paan chewing in the HeNCe Life study 
(India: 2008-2012) and Global Adult Tobacco Survey (GATS) (India: 2009-
2010) 
 HeNCe (%) GATS (%) 
Age range in years 29 to 89 15 and above 

   
Sex   
Males 55.2 51.7 
Females 44.8 48.3 
   
Participants’ paan chewing   
Never users 83.7 86.5 
Past users 6.9 2.8 
Current users 9.4 10.7 
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Table 2: Frequency distribution of selected potential confounders among 
control participants of the HeNCe Life study, Kerala, India (2008-2012) 
 n (%)a Missing (%)b 
Participant’s measures   
   

Mean age ± SD, years 59.86 ± 11.8  

Religion   
Non-Hindu 124 (39.0)  
Hindu 194 (61.0)  

Education   
Low education 149 (46.9)  
High education 169 (53.1)  

Smoking   
Never 185 (58.2)  
Ever 133 (41.8)  

Alcohol consumption   
Never 263 (82.7)  
Ever 55 (17.3)  
   

Parental measures   
   

Maternal education  42 (13.2) 
No formal education 172 (62.3)  
At least one year of formal education 104 (37.7)  

Paternal education  48 (15.1) 
No formal education 117 (43.3)  
At least one year of formal education 153 (56.7)  

Parent’s socioeconomic position   
Low SEP 145 (45.6)  
High SEP 173 (54.4)  

Maternal warmth index, mean ± SD 13.77 ± 2.2  
Maternal strictness index, mean ± SD 4.09 ±1.4  
Paternal warmth index, mean ± SD 11.98 ±3.0  
Paternal strictness index, mean ± SD 4.58 ±1.6  
a Percentages, unless otherwise specified, among all valid responses 
b Percentages, unless otherwise specified, among all subjects included in the current 
analysis (n=318)
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Table 3: Associations between parental and participants’ habit of paan chewing 

 Participant’s paan chewing Unadjusted             
OR (95%CI) 

Adjusted OR 
(95%CI) 

Fully adjusted OR 
(95%CI) 

 Never 
n= 266 
n (%) 

Ever 
n= 52 
n (%) 

   

Maternal  
paan chewing      

Never  155 (58.3) 12 (23.1) 1 1 1 
Ever 111 (41.7) 40 (76.9) 4.65 (2.26 – 10.16) 2.66 (1.25 – 5.65)a 2.40 (1.11 – 5.21)b 

      

Paternal  
paan chewing      

Never  190 (71.4) 20 (38.5) 1 1 1 
Ever 76 (28.6) 32 (61.5) 4.00 (2.06 – 7.84) 2.93 (1.44 – 5.95)c 3.05 (1.48 – 6.27)d 

a Adjusted for age, religion, maternal and paternal education, parents’ SEP and paternal paan chewing 
b Further adjusted for maternal warmth and maternal strictness  
c Adjusted for age, religion, maternal and paternal education, smoking, alcohol use, parent’s SEP and maternal paan chewing 
d Further adjusted for paternal warmth and paternal strictness
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Fig 1: Conceptual model of the association between parents’ and participant’s paan chewing habit. The paths between shaded 
boxes are the associations of interest. 
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Supplementary Material 
Exploratory factor analysis of parental bonding instrument (PBI) 

To identify the latent constructs measured through a modified version of the 
Parental Bonding Instrument (PBI), an exploratory factor analysis was carried out 
separately for maternal and paternal parenting behaviors. (1) An oblimin rotation 
with delta 0 was applied and factors with an Eigenvalue > 1 were retained. 
Internal consistency of the instrument was assessed using Cronbach’s alpha.(2) 
An alpha value between 0.7 to 0.8 shows satisfactory internal consistency of the 
instrument tested.(3) In our study both maternal and paternal parental bonding 
questionnaire showed satisfactory internal consistency (0.754 for maternal and 
0.805 for paternal questionnaires). Cronbach’s alpha values tend to be low if the 
number of questions is less or if they are measuring multiple dimensions.(2) We 
used a modified version of PBI with only 7 questions for each parent whereas the 
original PBI has shown to be measuring more than one dimension of parental 
bonding.(4,5) This may be one reason for moderate level of internal consistency 
of our instrument.  
Table S1 shows the rotated pattern matrix for maternal and paternal instruments 
respectively. Both of them showed adequate Kaiser-Meyer-Olkin measure for 
sampling adequacy (0.731 for maternal and 0.805 for paternal instrument).(6) 
Only two factors had an Eigenvalue >1 for each parent. The combination of two 
factors explained for 65.3% and 73.8% of the variance in maternal and paternal 
measures respectively. The factor loadings were assessed using a rotated pattern 
matrix and factor loading plots (Figure S1 & S2). All except two measures, 
(maternal (M7) and paternal expectation (F7)), where heavily loading heavily on 
either of the two latent factors.  
To better interpret the latent constructs these two variables were dropped for 
further analyses. Measures loading on the same factor were combined together 
through simple summation to compute ‘warmth’ and ‘strictness’ variables for 
each parent. Although this is a non-refined method of creating factor scores, it has 
shown to be stable across different samples.(7) 
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Table S1: Rotated factor loadings (pattern matrix) of maternal & paternal bonding measures. 

Item Factor 1a 
(Warmth) 

Factor 2a 
(Strictness) 

Maternal    
M1 – How much did she understand your problems and worried? 0.8283  
M2 – How much could you confide in her about things that were bothering you? 0.7058  
M3 – How much love and affection did she give you? 0.8471  
M4 – How much time and attention did she give you when you needed it? 0.8264  
M5 – How strict was she with the rules for you?  0.8676 

M6 – How harsh was she when she punished you?  0.8286 

M7 – How much did she expect you to do your best in everything you did? 0.5664  

Paternal    
F1 – How much did he understand your problems and worried? 0.8396  
F2 – How much could you confide in him about things that were bothering you? 0.8275  
F3 – How much love and affection did he give you? 0.8824  
F4 – How much time and attention did he give you when you needed it? 0.8614  
F5 – How strict was he with the rules for you?  0.8979 

F6 – How harsh was he when he punished you?  0.9013 

F7 – How much did he expect you to do your best in everything you did? 0.7435  
a factor loadings <0.4 not shown
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Figure S1: Factor loading plot for maternal bonding measures 

 

 

 

 

 

 

 

 

Figure S2: Factor loading plot for paternal bonding measures 

 

 

 

 

 

 

 

 

 

 

 



19 
 

Model selection using directed acyclic graph (DAG) 
Causal diagrams are a visual representation of the causal relationships between variables in a 
source population. Directed acyclic graphs (DAG) are a type of causal diagram introduced by 
Pearl in 1995.(8) DAGs based on a priori knowledge, are widely used to help plan data 
collection and analysis, in communicating results and to avoid pitfalls when selecting 
confounders.(9,10) We used DAGs to identify the minimum set of confounders to be taken into 
account to estimate the true association between parental and participant’s paan chewing (Figure 
S3). 
Age, religious beliefs, parent’s socio-economic position (SEP), parent’s education, participant’s 
smoking and alcohol consumption, and perceived parenting behaviors were identified as the 
minimum set of potential confounders to be included in the multivariate analyses. 
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Figure S3: Directed acyclic graph (DAG) of the association between parents’ and 

participants’ paan chewing habit a 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

a The path with a question mark is the association of interest. Shaded boxes are parental variables and 
unshaded boxes are participant variables. 
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