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Abstract
Despite growing interest in the developmental origins of callous-unemotional (CU) traits, limited evidence exists from non-Western contexts on the relative contributions of genetic and parental environmental factors. The present study addresses this gap by examining the genetic and environmental architecture of CU traits among twins during early childhood. A descriptive and analytical twin research design was employed in the Hisar district of Haryana state. The sample comprised 50 twin pairs (N=100) aged 6–9 years, including monozygotic (MZ) and dizygotic (DZ) twins identified through snowball sampling. Data were collected from parents using the Inventory of Callous-Unemotional Traits (ICU; Frick, 2004) and the Alabama Parenting Questionnaire (APQ; Frick, 1991). Statistical analyses included descriptive measures, z-test, chi-square test, and heritability estimation using Falconer’s formula. The results revealed significant mean differences between MZ and DZ twins in callousness (Z = 2.28*) and overall CU traits (Z = 2.59*), indicating higher levels among monozygotic twins, whereas differences in uncaring (Z = 1.21) and unemotional (Z = 0.06) traits were non-significant. The heritability estimate (h² = 78.0%) suggests a strong genetic basis for CU traits, with environmental factors accounting for 22.0% of the variance. Furthermore, significant associations were observed between CU traits and inconsistent discipline (χ² = 9.95*), corporal punishment (χ² = 7.89*) and overall parental environment (χ² = 5.61*) and found the role of adverse parenting practices. The study contributes novel empirical evidence from a rural Indian context, emphasizing the interaction of genetic predispositions and modifiable environmental factors. The findings underscore the need for targeted, family-based interventions aimed at reducing harsh and inconsistent parenting to mitigate CU traits during early childhood.
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Introduction
In recent years, researchers have shown growing interest in understanding the early causes of behavioural problems in children. One important factor that has gained attention is callous-unemotional (CU) traits. These traits include behaviours such as not caring about others’ feelings, showing little emotion, and not feeling guilty after doing something wrong. Children who show these traits are more likely to develop serious behaviour problems later, such as aggression and conduct-related difficulties (Frick & White, 2008; Frick et al., 2014).
Studies have found that CU traits can be noticed at an early age and may continue as the child grows. Children with higher levels of these traits often face problems in making relationships, managing emotions and understanding right and wrong. It is also important to note that these traits are not found only in children with clinical disorders. Instead, they are seen in all children at different levels, with only a small number showing very high levels (Kimonis et al., 2015; Craig et al., 2024). This makes it important to study these traits in general populations, especially during early childhood, when timely support can make a difference.
The development of CU traits does not depend on one single factor. Both genetic and environmental influences play a role. Twin studies, in particular, have shown that genes contribute significantly to these traits. By comparing identical (monozygotic) and non-identical (dizygotic) twins, researchers can better understand how much of these traits are inherited (Viding et al., 2005; Moore et al., 2019). However, genetics alone cannot fully explain why these traits develop.
The child’s environment, especially the family environment, is also very important. Parenting practices such as showing warmth, giving proper guidance, maintaining discipline and being consistent in behaviour can strongly influence a child’s development. Positive and supportive parenting can help reduce problematic behaviours, while harsh or inconsistent parenting may increase the chances of CU traits developing (Waller et al., 2013; Hawes et al., 2014). This shows that both genes and environment work together in shaping children’s behavior.
Recent research also suggests that the relationship between genetic and environmental factors is interactive. For example, some children may be more affected by parenting styles because of their genetic makeup. At the same time, children’s behaviour can also influence how parents respond to them, creating a two-way relationship over time (Hyde et al., 2022). Understanding this interaction is important for planning effective interventions.
Although many studies on CU traits have been conducted in other countries, there is limited research in India, especially in rural areas. Cultural differences, family systems, and parenting styles in India may affect how these traits develop. Therefore, it is important to study CU traits in this context. Keeping this in mind, the present study examines callous-unemotional traits among monozygotic and dizygotic twins during early childhood. It aims to estimate the heritability of these traits and to understand how different aspects of the parental environment influence their development. The study hopes to provide useful information for early identification and better intervention strategies.
Research Methodology
2.1 Study Design
The present study adopted a descriptive and analytical twin research design to examine callous-unemotional traits among monozygotic (MZ) and dizygotic (DZ) twins, and to explore their relationship with the parental environment, along with estimating heritability. The study was conducted in Haryana state. From the Haryana state, Hisar district was selected randomly. A total of 22 villages from the district were identified to meet the sample requirements.
2.2 Participants and Sampling
The sample consisted of 50 twin pairs (N = 100 children) in the age group of 6 to 9 years. Both monozygotic (MZ) and dizygotic (DZ) twins were included in the study. The snowball sampling technique was employed to identify and recruit twin pairs due to their limited availability and the difficulty in locating them in rural settings.
2.3 Data Collection
Data were collected from the parents of twins using standardised instruments. Callous-unemotional traits were assessed using the Inventory of Callous-Unemotional Traits (ICU) – Parent Report Version developed by Frick (2004), which evaluates three dimensions: uncaring, unemotional, and callousness. The parental environment of twins was measured using the Alabama Parenting Questionnaire (APQ) developed by Frick (1991), covering dimensions such as parental involvement, positive parenting, poor monitoring, inconsistent discipline, and corporal punishment.
      2.4 Statistical Analysis
The collected data were coded, organized, and analyzed using appropriate statistical methods. Descriptive statistics, including frequency and percentage, were used to summarise the sample characteristics. Inferential statistics such as z-test and chi-square test were applied to examine differences and associations among variables. Heritability estimates (h²) of callous-unemotional traits were computed using Falconer’s formula (1960): h2=2(rMZ−rDZ), where h² denotes the heritability estimate, rMZ represents the correlation coefficient for monozygotic twin pairs and rDZ represents the correlation coefficient for dizygotic twin pairs. This formula helps in estimating the proportion of variance attributable to genetic factors.
Research Findings

Mean difference between callous-unemotional traits of twins  
The data in table 1 indicate mean differences in callous-unemotional traits between monozygotic and dizygotic twins across the uncaring, unemotional, callousness trait and the overall callous-unemotional traits. The significant differences in mean values were observed in callousness trait (Z= 2.28*) and overall callous-unemotional traits (Z= 2.59*) of twins, but no significant differences were observed in uncaring trait (Z=1.21) and unemotional trait (Z=0.06) of twins. These findings suggest that monozygotic twins tend to show higher level of certain callous-unemotional traits, particularly in the dimensions of callousness and overall callous-unemotional traits as compared to dizygotic twins.
Table 1: Mean difference between callous-unemotional traits of twins                        (n=100)	
	Callous-unemotional traits Dimensions
	Monozygotic twins (n1=60)
Mean±SD
	Dizygotic twins 
(n2=40)
Mean±SD
	Z-Value

	Uncaring
	10.87±4.94
	9.55±5.54
	1.21

	Unemotional
	5.10±3.77
	5.05±3.75
	0.06

	Callousness
	10.62±6.00
	8.1±4.97
	2.28*

	Total
	26.58±10.38
	22.72±10.68
	2.59*


 *: Significant at 0.05% 

Heritability estimate for callous-unemotional traits of twins
The table 2 presents the heritability estimate for callous-unemotional traits of twins in the age group 6-9 years. As per the findings, the heritability estimate was 78.0 percent and the remaining 22.0 per cent variance in callous-unemotional traits of twins was due to environmental factors. The finding reveals that a high genetic contribution to the development of callous-unemotional traits among twins in the age group 6-9 years.
Table 2: Heritability estimate for callous-unemotional traits of twins
	Age (years)
	Heritability Estimate (%)

	6-9
	78.00



Associations between callous-unemotional traits and the parental environment of twins	
Table 3 reveals the association between callous-unemotional traits of twins and various aspects of the parental environment and it was found that there were significant associations of callous-unemotional traits of twins with inconsistent discipline (χ2=9.95), corporal punishment (χ2=7.89*) and overall parental environment (χ2=5.61*). These findings suggest that aspects such as inconsistent discipline and corporal punishment are significantly associated with higher levels of callous-unemotional traits in twins, emphasising the importance of a supportive and structured parental environment in the development of callous-unemotional traits.
Table 3: Associations between callous-unemotional traits and parental environment of twins
	Parental Environment
	Callous-unemotional traits

	
	Low
	High
	Total
	² 

	Inconsistent discipline

	Below average
	20
	16
	36
	9.95*

	Above average
	54
	10
	64
	

	Total
	74
	26
	100
	

	Corporal punishment
	

	Below average
	25
	17
	42
	7.89*

	Above average
	49
	09
	58
	

	Total
	74
	26
	100
	

	Overall parental environment

	Below average
	14
	11
	25
	5.61*

	Above average
	60
	15
	75
	

	Total
	74
	26
	100
	



Discussion
The present study explored the genetic and parental environmental architecture of callous-unemotional (CU) traits among twins during early childhood. The findings provide important insights into the distribution, genetic basis, and environmental correlates of CU traits.
The assessment of CU traits revealed that the majority of twins exhibited low levels across all dimensions, including uncaring (57.0%), unemotional (57.0%) and callousness (53.0%), as well as overall CU traits (53.0%). Only a small proportion of children (3.0%) exhibited high levels. These findings are consistent with earlier and recent research indicating that CU traits are distributed along a continuum, with only a minority of children showing elevated levels (Frick et al., 2014; Craig et al., 2024). However, the presence of moderate levels among a substantial proportion (44.0%) suggests the need for early identification and intervention. Furthermore, contemporary research highlights that CU traits are early emerging and associated with increased risk for persistent antisocial behaviour (Frick, 2024).
[bookmark: _GoBack]The analysis of mean differences between monozygotic (MZ) and dizygotic (DZ) twins showed significant differences in callousness (Z = 2.28*) and overall CU traits (Z = 2.59*), with higher scores among MZ twins. No significant differences were observed in uncaring (Z = 1.21) and unemotional (Z = 0.06) traits. These findings support the role of genetic influences, as MZ twins share identical genetic makeup compared to DZ twins. Similar results have been reported by Viding et al. (2005) and more recently by Tomlinson et al. (2026), who identified strong genetic contributions to CU traits, particularly in affective components such as callousness. This supports the strong genetic basis of CU traits, as monozygotic twins share identical genetic makeup. Recent twin research further confirms that CU traits are highly heritable and genetically stable across childhood (Henry et al., 2018). Studies have also reported heritability estimates typically ranging from 45% to 67%, reinforcing the biological underpinnings of CU traits
The heritability estimate (h² = 78.0%) further confirms a strong genetic basis for CU traits, with 22.0% of variance attributed to environmental influences. This finding is consistent with previous studies reporting moderate to high heritability estimates for CU traits (Moore et al., 2019; Hyde et al., 2022). These results reinforce the notion that while CU traits are largely heritable, environmental contexts play a significant role in their manifestation. These findings align with contemporary evidence highlighting the role of adverse parenting practices in the development of CU traits. Recent studies indicate that harsh and inconsistent parenting, along with poor monitoring, are key environmental predictors of CU traits (Facci et al., 2024; Waller et al., 2013). Moreover, longitudinal research suggests bidirectional relationships, where negative parenting and CU traits may influence each other over time, although genetic factors remain dominant.
Regarding parental environment, significant associations were found between CU traits and inconsistent discipline (χ² = 9.95*), corporal punishment (χ² = 7.89*), and overall parental environment (χ² = 5.61*). These findings suggest that adverse parenting practices are strongly linked to higher levels of CU traits. This is in line with previous research demonstrating that harsh and inconsistent parenting practices contribute to the development of CU traits (Waller et al., 2013; Hawes et al., 2014; Hyde et al., 2022). Such environmental factors may interact with genetic predispositions, amplifying the expression of CU traits. Emerging research emphasizes that positive parenting and emotional warmth may buffer genetic risk and reduce the expression of CU traits. For instance, studies have shown that warm and responsive parenting can moderate genetic influences, thereby reducing the severity of CU traits (Perhamus & Ostrov, 2025). This highlights the importance of considering gene–environment interaction in understanding child behavior.
 The findings support the gene–environment interaction framework, emphasizing that CU traits are shaped by both inherited and environmental influences. While genetic factors appear to play a dominant role, the significant impact of parenting practices highlights the potential for early intervention. Reducing harsh disciplinary practices and promoting consistent and supportive parenting may be effective strategies in mitigating CU traits among children.
Conclusion
The present study provides robust evidence on the genetic and parental environmental underpinnings of callous-unemotional (CU) traits among twins during early childhood. Significant differences between monozygotic and dizygotic twins in callousness and overall CU traits, along with a high heritability estimate (78.0%), underscore the substantial role of genetic factors in the manifestation of these traits. Nevertheless, the contribution of environmental influences (22.0%) highlights the importance of contextual factors in shaping child behavior. The findings further demonstrate that adverse parenting practices, particularly inconsistent discipline and corporal punishment, are significantly associated with higher levels of CU traits, whereas broader positive parenting dimensions showed limited influence. This suggests that negative parenting behaviors may exert a stronger impact on the development of CU traits than positive practices alone. The study advances the understanding of CU traits by providing empirical evidence from a rural Indian context, emphasizing the dynamic interplay between genetic predispositions and modifiable environmental factors. The results indicate the critical need for early identification and intervention strategies that focus on promoting consistent and supportive parenting practices. Strengthening family-based approaches can play a pivotal role in mitigating CU traits and fostering healthier emotional and behavioral development among children.
Recommendations
Early screening of callous-unemotional traits in children is essential for timely intervention. Parent-focused programs promoting consistent discipline, emotional warmth, and non-violent parenting should be encouraged. Awareness among parents and teachers, along with school-based socio-emotional learning programs, can help reduce such traits. Further large-scale and longitudinal studies in diverse Indian settings are recommended.
Limitations of the Study
The study is limited by a small sample size and its restriction to a single rural district, which may affect generalizability. The use of snowball sampling and reliance on parent-reported data may introduce bias. Additionally, the cross-sectional design limits causal interpretation, and heritability estimates based on Falconer’s formula provide only approximate results.
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