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Abstract

Background: A disorganized attachment style is characterized by fearful and disoriented behaviours when 
a child is separated from their caregiver. Its presence is an early predictor of the later development of 
psychopathology, including depression. This study seeks to determine the effects of one environmental 
factor - the incidence of low birth weight - and one genetic factor - the presence of the long (7-repeat) 
polymorphism of the dopamine D4 receptor (DRD4) gene - on the development of disorganized attach-
ment between the child and the mother.

Methods: We sampled 251 mother-child dyads from the Maternal Adversity, Vulnerability and Neurode-
velopment (MAVAN) project. We measured birth weight and DRD4 genotype, and assessed attachment 
style using modified separation-reunion procedure. 

Results: Birth weight did not have a significant effect on disorganized attachment (b=-0.001, t(230)=0.006, 
p=0.910). Presence of DRD4 7-repeat polymorphism had a significant negative effect on presence of dis-
organized attachment style (b=-1.196, t(230)=0.411, p=0.004). 

Conclusion: Children without the DRD4 7-repeat allele were more likely to display a disorganized attach-
ment style compared to children with the DRD4 7-repeat allele. This indicates that the 7-repeat allele of 
the DRD4 gene may serve as a protective factor against disorganized attachment.

Introduction

Overview - Attachment Theory and Psychopathology

It has long been known that the interaction between a child and his or her 
caregiver has a significant effect on later behavioural and psychological 
development. (1) In numerous studies, it has been shown that the nature 
of the early nurturance between caregiver and child has a significantly 
predictive relationship with outcomes such as infant physiological respon-
siveness to stressors as well as later cognitive and social development. (2-5)

The original conceptualization of attachment described an evolution-
ary-based, innate predisposition of the child to seek proximity to and 
contact with a specific caregiver, most notably when the child is fright-
ened, tired, or ill. (7, 8) Attachment is a dyadic process whereby both the 
parent and the offspring provide cues and behaviours which strengthen 
the bond. Ainsworth’s research indicated that children may be classified as 
having one of three primary attachment styles: secure, insecure-avoidant 
and insecure-resistant. (8) A fourth attachment style has emerged and has 
been added to this typology: disorganized attachment. (9) Children who 
are classified as exhibiting disorganized attachment tend to demonstrate 
fearful and disoriented behaviours in the context of separation and stress. 
This behaviour is thought to reflect the inability of these children to re-

solve anxiety. (9) 

Disorganized attachment is an early predictor of the development of psy-
chopathology in childhood and adolescence. (10) It is associated with 
externalizing behaviours such as aggression and anti-social personality 
types, and internalizing disorders such as depression and anxiety. (11) It 
has been hypothesized that children with disorganized attachment may 
develop particular schemas that can lead to depression, such as being 
overwhelmed by particular difficulties or viewing oneself as incapable 
when facing challenges. (12) Accordingly, recent research finds disorga-
nized attachment to be a potential endophenotype for internalizing disor-
ders such as adult onset depression. (13)

Environmental Factor of Interest – Birth Weight

There has been a significant amount of research conducted on the effects 
of fetal and infant growth on developmental outcomes. Most of this re-
search focuses on the survival outcomes of ‘at risk’ infants born with lower 
birth weights, though research also has looked at effects of very low birth 
weight (VLBW) on motor, cognitive, behavioural, and emotional develop-
ment. (14) Risks for later neurological impairments or behavioural prob-
lems are heightened and are widely discussed for such infants. (15-22) As 
well, significant differences in the behavioural and emotional self-regula-
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tion of these ‘at risk’ infants have been reported, with findings of decreased 
attention, reduced positive affect, and prolonged reaction time to stimuli. 
(23-27)

Birth weight has been considered to reflect pressures on personal growth 
and stress exposure during pregnancy. There is a large body of evidence 
specifically examining the influence of prematurity and VLBW.  Low birth 
weight (LBW) is defined as infant weight that is below 2500 grams while 
VLBW is defined as infant weight that is below 1500 grams. Children who 
are born before the typical gestation period of 38-42 weeks are termed 
preterm infants. VLBW and preterm infants are typically placed in Neo-
natal Intensive Care Units (NICU) after birth and are separated from their 
parents almost immediately. Much of the current research on birth weight 
and attachment has investigated infants who are either VLBW or preterm.

Interestingly, a review reports that the effects of preterm birth and VLBW 
are inconsistent. (23, 28) Several studies find no difference in the attach-
ment quality between full-term and preterm infants. (29-33) One study, 
looking specifically at VLBW infants, finds that birthweight does not asso-
ciate with attachment quality. (34) Finally, studies looking at both preterm 
and VLBW infants find no significant difference in attachment quality 
when compared to full term infants. (14, 23, 35, 36) Only three studies 
report positive findings, including an association between preterm birth 
and increased frequency of insecure type attachment. (37) The other two 
studies compare VLBW children to regular birth weight children, finding 
positive results for the association between birthweight and attachment 
style. (38, 39)

Birth weight exists on a continuum. A slight decrease in birth weight, even 
if it is still considered to be in the normal range, has been shown to predict 
psychopathology. (40) There exists no research which examines the associ-
ation between birth weight in the normal continuum and attachment. Due 
to the high correlation existing between prematurity and low birth weight, 
it has not been possible to distinguish the effect of growth from that of 
shortened gestational period.  

Gene of Interest - DRD4 Gene

The dopamine D4 receptor (DRD4) is critical for the cognitive and emo-
tional processes that are sub-served by neural circuits in the prefrontal 
cortex. (41) The DRD4 gene and its variants affect the dopamine receptor 
efficiency in the brain. It is well established that the DRD4 gene is associ-
ated with a child’s ability to pay attention, with variants of the gene being 
associated with ADHD. (42-45) Since a child’s attention is an integral part 
of how they may react to their mother and/or guardian, researchers have 
begun to look into the mechanisms of how the DRD4 gene can affect the 
attachment between a child and a mother. The association between DRD4 
polymorphisms and disorganized attachment is of particular interest.

The DRD4 gene has two functional polymorphisms: a 48 base-pair variable 
number tandem repeat (VNTR) in Exon III and the −521C/T polymor-
phism in the promoter of the gene. In the VNTR, the common functional 
variants range from 2 to 11 copies (46), with the most common ones seen 
in humans being the 4-repeat (short) and the 7-repeat (long) alleles. (47) 

One of the first studies evaluating the association between disorganized at-
tachment and the DRD4 gene found that disorganized attachment is four 
times more frequent among infant carriers of at least one 7-repeat DRD4 
allele. (48) Additionally, in the same sample, the -521 thymine allele is as-
sociated  with disorganized attachment, with a ten-fold increase in the rate 
in association with the 7-repeat allele of DRD4. (49) However, the -521 
thymine variant does not show a significant effect without the presence of 
the 7-repeat allele. (49) 

Out of several attempts, few studies have replicated the significant asso-
ciation between the 7-repeat allele of the DRD4 gene and disorganized 
attachment. Since 2001, five studies have reported that the 7-repeat allele 
is not significantly associated with disorganized attachment in children. 
(50-54) Two studies report positive results, with one based on the same 
original sample. (48, 49, 55, 56) Collectively, with the exception of one 
study, all positive results showing association between the 7-repeat allele 
with disorganized attachment have been from the same sample of infants. 

(48, 49, 56, 55)  

Hypothesis

Given the inconsistent findings concerning the association between birth 
weight and the development of disorganized attachment between the child 
and mother, the current research seeks to confirm that there is no associ-
ation between birth weight and disorganized attachment. Additionally, it 
is predicted that the DRD4 receptor gene polymorphisms would serve as a 
risk factor and have a positive main effect on the development of disorga-
nized attachment between the child and mother.

Methods and Materials

The MAVAN Sample

The study sample comes from the Maternal Adversity Vulnerability and 
Neurodevelopment (MAVAN) project, an established cohort of mothers 
and children recruited between 2003 and 2009. (57) Please view the On-
line Supplementary Methods Page for a detailed description of the MA-
VAN project. 

Inclusion / Exclusion Criteria

Eligibility criteria included mother’s age ≥18 years at the expected date 
of delivery, singleton gestation, and babies born at 37 weeks or longer of 
gestational age. We excluded women with severe chronic illness, placenta 
previa, a history of incompetent cervix diagnosed in a previous pregnancy, 
or impending delivery of an infant affected by a major anomaly. 

Procedure
 
We followed the women during pregnancy. Birth outcomes were assessed 
at time of delivery. Mothers and their child were seen at 6, 12, 18, and 24 
months and yearly subsequently. 

Measures (Independent)

Birth weight: Adjusted using Canadian normative data. 
Genotype:  We coded DRD4 as 7-repeat vs. other genotypes from oral-buc-
cal swab samples. 

Measures (Dependent)

Attachment Style: We administered the modified separation–reunion pro-
cedure as previously described for preschool-age children. Administration 
occurred at 36 months, from which Disorganized classification (D) was 
obtained. (58) 

Measures (Adjustment – Covariates)

Child: gender

Maternal: We obtained maternal education from a prenatal questionnaire  
and trichotomized (Table 1). (59)

Analysis

We present descriptive data for child and maternal variables. Univariate 
analyses examined the association between predictors, covariates, and dis-
organized attachment. We conducted a logistic regression model to test for 
the independent effects of the predictors.  
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Results

Descriptive

There was an almost equal distribution of boys and girls. For DRD4, 34.6% 
were carriers of at least one 7-repeat allele, while 65.4% were not. For 
disorganized attachment, 22.9% were categorized as disorganized, while 
77.1% were not. The distribution of mothers included 15.6% with a high 
school degree or a partial college education, 32.0% with a college degree 
or some university education, and 52.4% with at least a university degree 
(Table 1). 

Covariates

Males and females did not differ in their distributions of disorganized at-
tachment, (χ2 (DF = 1, N = 231) = 0.557, p = .455) (Table 2). The frequency 
of disorganized attachment in children differed according to their moth-
er’s education status. (χ2 (DF = 2, N = 231) = 18.99, p = .000). 

Environmental Factor of Interest – Birth Weight

Birth weight was not significantly associated with the development of dis-
organized attachment, ((DF = 1, N = 231) = 0.113, p = 0.738) (Table 2). 

Gene of Interest - DRD4 Gene

The genotype was significantly associated with disorganized attachment, 
(χ2 (DF = 1, N = 231) = 9.47, p = 0.02) (Table 2). Children without the 
7-repeat allele were significantly associated with the development of dis-
organized attachment (Fig. 1). Children with the 7-repeat allele were 0.31 
times as likely to develop disorganized attachment style when compared to 
children without the 7-repeat allele (Table 3). 

Adjusted Analyses

Given that maternal education was found to be a significant covariate, a 
Logistic Regression Test was used to assess whether the associations were 
independent of the covariates. Birth weight remained unassociated with 
the development of disorganized attachment, (b = -0.002, p = 0.998) (Table 
3). On the other hand, DRD4 genotype was still significantly associated 
with the development of disorganized attachment, (b = -1.120, p = 0.004). 

Discussion

Birth weight did not have a significant effect on attachment type.  This 
result is consistent with the majority of prior research on preterm/VLBW 
and attachment. It should be noted that one key distinction of our study is 
that birth weight percentile was used instead of length of term (preterm) 
or birth weight (VLBW). Prior literature has been limited by an inability 
to determine whether the birth weight of recorded infants was small due to 
actual low birth weight or simply because of prematurity. To ensure results 
were clear in the present study, infants who were born prior to 37 weeks of 
gestational age were excluded from the MAVAN sample.
 
Consistent with our second hypothesis, we found the DRD4 7-repeat poly-
morphism to be significantly associated with disorganized attachment. 
Contrary to expectations, results indicate that children with the DRD4 
7-repeat allele are less likely to have disorganized attachment than chil-
dren without the DRD4 7-repeat allele. Although statistical significance 
was achieved, the direction of the association was unexpected and oppo-
site to our originally hypothesised relationship.  

Our finding that children with the DRD4 7-repeat allele were less likely 
to have disorganized attachment is consistent with only one study. (55) 
In a sample including children with maltreatment, child maltreatment 
was found to interact with the DRD4 genotype to predict disorganized 
attachment. The researchers found that at 12 months of age, the maltreat-
ed group who received experimental intervention (but not the maltreated 
children who did not receive intervention nor the normal control group) 

showed an association between DRD4 genotype and disorganized attach-
ment. They found that children in this group who had the 7-repeat allele 
were less likely to display disorganized attachment as only 17.5% of those 
showing disorganized attachment had the 7-repeat allele while 82.5% of 
those showing disorganized attachment lacked the 7-repeat allele. While a 
sample examining maltreated children is very different from the MAVAN 
sample, this does provide intriguing reinforcement of the results found in 
this study. It should be noted that the children tested in this group were 
tested again at 2 years of age, and the results were not replicated. We note 
this to be the only other example of the DRD4 7-repeat allele being nega-
tively associated with disorganized attachment. However, complementary 
findings indicate the 7-repeat allele may act  as a protective factor  very 
early in infancy (1–2 months of age) suggesting that the DRD4 7-repeat al-
lele is associated with an easy temperament and more adaptive behaviour. 
(60 -62) 

While much of the attention in prior research has been on the negative 
implications of the DRD4 7-repeat allele, very little focus has been on the 
positive aspects. Previous research commonly emphasizes the cumulative 
negative effects of specific “risk genes” and an adverse rearing environ-
ment, whereas potentially cumulative positive effects of the same risk 
genes interacting with positive rearing environments remain understud-
ied. (54, 63) Accordingly, a theoretical construct of ‘differential suscepti-
bility’ has been tested to examine whether children with the “risk genes” 
are more susceptible not only to the effects of adverse environments, 
but also the beneficial effects of supportive rearing. (64, 65) The DRD4 
could potentially operate as one such susceptible gene with meta-analyt-
ic findings providing validation. (63, 66) For example, children with the 
DRD4 7-repeat allele exposed to unresponsive maternal care displayed 
more externalizing behaviour problems than children without the DRD4 
7-repeat allele, but children with the DRD4 7-repeat allele exposed to re-
sponsive maternal care showed the lowest levels of externalizing problem 
behaviour. (54)

In some instances, it may be the case that the DRD4 7-repeat allele does in-
deed function as a protective factor. Considering the 7-repeat allele origi-
nated as a rare mutation whose frequency increased in human populations 
by positive selection, there has arisen increased speculation about its con-
tribution to the evolution and adaptability of human development. (41, 67) 
Such a possibility supports the need to go beyond the common labelling of 
the DRD4 7-repeat allele as merely a risk factor for various internalizing 
and externalizing disorders. – it may well have protective properties.

Our results support that such an influence may exist between the DRD4 
7-repeat allele and disorganized attachment. It is well established that the 
7-repeat allele is associated with ADHD and decreased attention. (42-45) 
Lower dopaminergic signalling impedes negative feedback-based learning 
and is associated with stronger preference for immediate reinforcers. (68, 
69) However, this may be advantageous or disadvantageous depending on 
specific environmental characteristics. (70) In our study sample, infants 
with the 7-repeat allele were less attentive to their environment and the 
parenting style of their caregivers during early years; this genotype may 
thus serve as a protective factor. However, conclusions as to why this might 
occur cannot be deduced until maternal sensitivity is measured alongside 
this genotype.

From the contradictory results accumulated for both birth weight and 
DRD4 genotype in terms of attachment, it is clear that several factors are 
at play. It is important that gene x environment interaction studies with 
various different factors are conducted. Rates of disorganized attachment 
are high when compared to other endophenotypes, reaching a frequency 
of one in six children in low-risk populations. Having significant numbers 
of a population exhibit endophenotypes for any type of psychopathology 
is not only a psychological problem for the individual, but also poses a 
significant social and economic challenge. The burden of assisting those 
with depression and other psychopathologies put strain on our social ser-
vice and health care resources.  Such challenges can be addressed by study 
designs which consider genetic influences, neural pathways and environ-
mental factors potentially implicated in the mother-child relationship.
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Figures and TablesLimitations

The subsample used to test the hypotheses reflects a significant drop-out 
rate. Not all of the children have been genotyped or tested for attachment 
yet. In addition, attachment style and disorganized attachment is a very 
complex psychological dynamic that is likely affected by multiple different 
genetic and environmental factors. Several other genetic and environmen-
tal factors from both the mother’s and the child’s experience could have an 
effect with the development of disorganized attachment. When compared 
to other genetic studies, the MAVAN has a relatively smaller number of 
participants. Our power, however, is strengthened by the accuracy of our 
genotyping method, precise functional sub-categorization of the DRD4 
allele (the presence of at least one 7-repeat allele), and the experimental 
measure of attachment. (71) Finally, we only examined a monogenic mod-
el. There is growing evidence for the interaction of genes (GxG) and spe-
cifically the association of DRD4 with 5HTTLPR but also with MAO. One 
interesting possibility, for example, would involve norepenephrine-related 
genes, given that norepenephrine acts in concert with dopamine to in-
fluence attentional processes and likely attachment disorganization. (72)
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Figure 1. The Effects of DRD4 Genotype on Attachment. The 
darker bars represent not disorganized attachment, while the 

lighter colour represents disorganized attachment.

Table 1. Demographic Characteristics of subjects from MAVAN
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Table 2. The prediction of Disorganized Attachment from birth 
weight and DRD4 – Univariate analysis

Table 3. The prediction of Disorganized Attachment from birth 
weight and DRD4 using a logistic regression model 

References

1. Feldman R, Weller A, Leckman JF, Kuint J, Eidelman AI. The nature of the 
mother’s tie to her infant: Maternal bonding under conditions of proximity, 
separation, and potential loss. Journal of Child Psychology and Psychiatry. 
1999;40(06):929-39.

2. Liu D, Diorio J, Tannenbaum B, Caldji C, Francis D, Freedman A, et al. Maternal 
care, hippocampal glucocorticoid receptors, and hypothalamic-pituitary-ad-
renal responses to stress. Science (New York, NY). 1997;277(5332):1659-62.

3. Fish E, Shahrokh D, Bagot R, Caldji C, Bredy T, Szyf M, et al. Epigenetic pro-
gramming of stress responses through variations in maternal care. Annals of 
the New York Academy of Sciences. 2004;1036:167-80.

4. Nachmias M, Gunnar M, Mangelsdorf S, Parritz R, Buss K. Behavioral inhi-
bition and stress reactivity: the moderating role of attachment security. Child 

development. 1996;67(2):508-22.
5. Spangler G, Schieche M, Ilg U, Maier U, Ackermann C. Maternal sensitivity as 

an external organizer for biobehavioral regulation in infancy. Developmental 
psychobiology. 1994;27(7):425-37.

6. Brooks-Gunn J, Han W-J, Waldfogel J. Maternal employment and child cogni-
tive outcomes in the first three years of life: the NICHD Study of Early Child 
Care. National Institute of Child Health and Human Development. Child de-
velopment. 2002;73(4):1052-72.

7. Bowlby J. Attachment and loss. New York: Basic Books. 1969.
8. Ainsworth M. Infant--mother attachment. The American psychologist. 

1979;34(10):932-7.
9. Main M, Solomon J. Procedures for identifying infants as disorganized/disori-

ented during the Ainsworth Strange Situation. Attachment in the preschool 
years: Theory. 1990.

10. 1Carlson EA. A prospective longitudinal study of attachment disorganization/
disorientation. Child development. 1998;69(4):1107-28.

11. 1Lyons-Ruth K. Attachment relationships among children with aggressive be-
havior problems: the role of disorganized early attachment patterns. Journal of 
consulting and clinical psychology. 1996;64(1):64-73.

12. 1Brumariu LE, Kerns KA. Parent–child attachment and internalizing symp-
toms in childhood and adolescence: A review of empirical findings and future 
directions. Development and psychopathology. 2010;22(01):177-203.

13. 1Groh A, Roisman G, van Ijzendoorn M, Bakermans-Kranenburg M, 
Fearon R. The significance of insecure and disorganized attachment for chil-
dren’s internalizing symptoms: a meta-analytic study. Child development. 
2012;83(2):591-610.

14. 1Brisch K, Bechinger D, Betzler S, Heinemann H. Early preventive attach-
ment-oriented psychotherapeutic intervention program with parents of a very 
low birthweight premature infant: results of attachment and neurological de-
velopment. Attach Hum Dev. 2003;5(2):120-35.

15. 1Achenbach T, Phares V, Howell C, Rauh V, Nurcombe B. Seven-year outcome 
of the Vermont Intervention Program for Low-Birthweight Infants. Child de-
velopment. 1990;61(6):1672-81.

16. Escobar G, Littenberg B, Petitti D. Outcome among surviving very low 
birthweight infants: a meta-analysis. Archives of disease in childhood. 
1991;66(2):204-11.

17. Forfar J, Hume R, McPhail F, Maxwell S, Wilkinson E, Lin J, et al. Low birth-
weight: a 10-year outcome study of the continuum of reproductive casualty. 
Developmental medicine and child neurology. 1994;36(12):1037-48.

18. 1Hack M, Breslau N, Aram D, Weissman B, Klein N, Borawski-Clark E. 
The effect of very low birth weight and social risk on neurocognitive abili-
ties at school age. Journal of developmental and behavioral pediatrics : JDBP. 
1992;13(6):412-20.

19. 1Stewart A, Rifkin L, Amess P, Kirkbride V, Townsend J, Miller D, et al. Brain 
structure and neurocognitive and behavioural function in adolescents who 
were born very preterm. Lancet. 1999;353(9165):1653-7.

20. Waber D, McCormick M. Late neuropsychological outcomes in preterm in-
fants of normal IQ: selective vulnerability of the visual system. J Pediatr Psy-
chol. 1995;20(6):721-35.

21. Weisglas-Kuperus N, Koot H, Baerts W, Fetter W, Sauer P. Behaviour prob-
lems of very low-birthweight children. Developmental medicine and child 
neurology. 1993;35(5):406-16.

22. Wolke D, Ratschinski G, Ohrt B, Riegel K. The cognitive outcome of very 
preterm infants may be poorer than often reported: an empirical investigation 
of how methodological issues make a big difference. European journal of pe-
diatrics. 1994;153(12):906-15.

23. Brisch KH, Bechinger D, Betzler S, Heinemann H, Kachele H, Pohlandt F, et 
al. Attachment quality in very low-birthweight premature infants in relation 
to maternal attachment representations and neurological development. Par-
enting: Science and Practice. 2005;5(4):311-31.

24. Barnard K, Osofsky J, Beckwith L, Hammond M, Appelbaum M. A collabo-
rative effort to study mother—child interaction in three risk groups: Social 
risk mother, adolescent mother, preterm infant. Infant Mental Health Journal. 
1996;17(4):293-301.

25. Garner P, Landry S. Preterm infants’ affective responses in independent versus 
toy‐centered play with their mothers. Infant mental health journal. 1992.

26. Landry S, Chapieski M. Visual attention during toy exploration in preterm 
infants: Effects of medical risk and maternal interactions. Infant Behavior and 
Development. 1988.

27. Stevenson M, Roach M, ver J. Rhythms in the dialogue of infant feeding: 
Preterm and term infants. Infant Behavior and …. 1990.

28. Buchheim A, Brisch K, Kächele H. Die klinische Bedeutung der Bindungsfor-
schung fü die Risikogruppe der Frühgeborenen: ein Überblick zum neuesten 
Forschungsstand. Zeitschrift für Kinder-und …. 1999.

29. Frodi A. Attachment behavior and socialibility with strangers in premature 
and fullterm infants. Infant Mental Health Journal. 1983;4(1):13-22.

30. Frodi A, Thompson R. Infants’ affective responses in the strange situation: 
Effects of prematurity and of quality of attachment. Child Development. 
1985:1280-90.

31. Rode S, Chang P, Fisch… R. Attachment patterns of infants separated at birth. 



Page 36 McGill Science Undergraduate Research Journal - msurj.mcgill.ca

Developmental …. 1981.
32. Butcher P, Kalverboer A, Minderaa R, van Doormaal E, ten Wolde Y. Rigidity, 

sensitivity and quality of attachment: the role of maternal rigidity in the early 
socio-emotional development of premature infants. Acta psychiatrica Scandi-
navica Supplementum. 1993;375:1-38.

33. Minde K, Corter C, Goldberg S. The contribution of twinship and health to 
early interaction and attachment between premature infants and their moth-
ers. Frontiers of infant psychiatry. 1984;2:160-75.

34. Mehler K, Wendrich D, Kissgen R, Roth B, Oberthuer A, Pillekamp F, et al. 
Mothers seeing their VLBW infants within 3 h after birth are more likely to 
establish a secure attachment behavior: evidence of a sensitive period with 
preterm infants&quest. J Perinatol. 2010;31(6):404-10.

35. Easterbrooks M. Quality of attachment to mother and to father: Effects of 
perinatal risk status. Child Development. 1989.

36. Goldberg S, Perrotta M, Minde K, Corter C. Maternal behavior and at-
tachment in low-birth-weight twins and singletons. Child development. 
1986;57(1):34-46.

37. Plunkett JW, Klein T, Meisels SJ. The relationship of preterm infant-mother 
attachment to stranger sociability at 3 years. Infant Behavior & Development. 
1988;11(1):83-96.

38. Mangelsdorf S, Plunkett J, Dedrick… C. Attachment security in very low birth 
weight infants. Developmental …. 1996.

39. Berlin MA. A comparison of attachment in high-risk preterm and full-term 
infants using home Q-sort and strange situation assessment methods. Disser-
tation Abstracts International. 1991;51(7-B):3554.

40. Rice F, Harold GT, Thapar A. The effect of birth-weight with genetic suscepti-
bility on depressive symptoms in childhood and adolescence. European child 
& adolescent psychiatry. 2006;15(7):383-91.

41. Wang E, Ding YC, Flodman P, Kidd J, Kidd K, Grady D, et al. The genetic 
architecture of selection at the human dopamine receptor D4 (DRD4) gene 
locus. American journal of human genetics. 2004;74(5):931-44.

42. Congdon E, Lesch K, Canli T. Analysis of DRD4 and DAT polymorphisms 
and behavioral inhibition in healthy adults: implications for impulsivity. 
American journal of medical genetics Part B, Neuropsychiatric genetics : 
the official publication of the International Society of Psychiatric Genetics. 
2008;147B(1):27-32.

43. Faraone S. Improving mental health care for children and adolescents: a role 
for prevention science. World psychiatry : official journal of the World Psychi-
atric Association (WPA). 2005;4(3):155-6.

44. 4Li D, Sham P, Owen M, He L. Meta-analysis shows significant association 
between dopamine system genes and attention deficit hyperactivity disorder 
(ADHD). Human molecular genetics. 2006;15(14):2276-84.

45. Swanson J, Flodman P, Kennedy J, Spence M, Moyzis R, Schuck S, et al. 
Dopamine genes and ADHD. Neuroscience and biobehavioral reviews. 
2000;24(1):21-5.

46. Oak J, Oldenhof J, Van Tol H. The dopamine D(4) receptor: one decade of 
research. European journal of pharmacology. 2000;405(1-3):303-27.

47. Reiner I, Spangler G. Adult attachment and gene polymorphisms of the do-
pamine D4 receptor and serotonin transporter (5-HTT). Attach Hum Dev. 
2010;12(3):209-29.

48. Lakatos K, Toth I, Nemoda Z, Ney K, Sasvari-Szekely M, Gervai J. Dopamine 
D4 receptor (DRD4) gene polymorphism is associated with attachment disor-
ganization in infants. Mol Psychiatry. 2000;5(6):633-7.

49. Lakatos K, Nemoda Z, Toth I, Ronai Z, Ney K, Sasvari- Szekely M, et al. Fur-
ther evidence for the role of the dopamine D4 receptor (DRD4) gene in at-
tachment disorganization: interaction of the exon III 48-bp repeat and the 
-521 C/T promoter polymorphisms. Mol Psychiatry. 2002;7(1):27-31.

50. \Bakermans-Kranenburg M, Van Ijzendoorn M. No association of the dopa-
mine D4 receptor (DRD4) and -521 C/T promoter polymorphisms with in-
fant attachment disorganization. Attach Hum Dev. 2004;6(3):211.

51. Gervai J, Novak A, Lakatos K, Toth I, Danis I, Ronai Z, et al. Infant genotype 
may moderate sensitivity to maternal affective communications: attachment 
disorganization, quality of care, and the DRD4 polymorphism. Soc. 2007;2(3-
4):307-19.

52. Luijk M, Roisman G, Haltigan J, Tiemeier H, Booth-Laforce C, van Ijzen-
doorn M, et al. Dopaminergic, serotonergic, and oxytonergic candidate genes 
associated with infant attachment security and disorganization? In search of 
main and interaction effects. Journal of child psychology and psychiatry, and 
allied disciplines. 2011;52(12):1295-307.

53. Spangler G, Johann M, Ronai Z, Zimmermann P. Genetic and environmen-
tal influence on attachment disorganization. Journal of Child Psychology and 
Psychiatry. 2009;50(8):952-61.

54. Bakermans-Kranenburg MJ, van Ijzendoorn MH. Research Review: genetic 
vulnerability or differential susceptibility in child development: the case of 
attachment. J Child Psychol Psychiatry. 2007;48(12):1160-73.

55. Cicchetti D, Rogosch F, Toth S. The effects of child maltreatment and poly-
morphisms of the serotonin transporter and dopamine D4 receptor genes on 
infant attachment and intervention efficacy. Development and psychopathol-
ogy. 2011;23(2):357-72.

56. Gervai J, Nemoda Z, Lakatos K, Ronai Z, Toth I, Ney K, et al. Transmission 

disequilibrium tests confirm the link between DRD4 gene polymorphism and 
infant attachment. American journal of medical genetics Part B, Neuropsychi-
atric genetics : the official publication of the International Society of Psychiat-
ric Genetics. 2005;132B(1):126-30.

57. O’Donnell KA, Gaudreau H, Colalillo S, Steiner M, Atkinson L, Moss E, et al. 
The maternal adversity, vulnerability and neurodevelopment project: theory 
and methodology. Canadian Journal of Psychiatry - Revue Canadienne de 
Psychiatrie. 2014;59(9):497-508.

58. Cassidy J, Marvin R. Attachment organization in preschool children: Coding 
guidelines. Unpublished manuscript, University of Virginia. 1992.

59. Kramer MS, Lydon J, Séguin L, Goulet L, Kahn SR, McNamara H, et al. 
Stress pathways to spontaneous preterm birth: the role of stressors, psycho-
logical distress, and stress hormones. American journal of epidemiology. 
2009;169(11):1319-26.

60. Holmboe K, Nemoda Z, Fearon R, Sasvari-Szekely M, Johnson M. Dopamine 
D4 receptor and serotonin transporter gene effects on the longitudinal devel-
opment of infant temperament. Genes, brain, and behavior. 2011;10(5):513-
22.

61. Auerbach J, Geller V, Lezer S, Shinwell E, Belmaker R, Levine J, et al. Dopa-
mine D4 receptor (D4DR) and serotonin transporter promoter (5-HTTLPR) 
polymorphisms in the determination of temperament in 2-month-old infants. 
Mol Psychiatry. 1999;4(4):369-73.

62. De Luca A, Rizzardi M, Torrente I, Alessandroni R, Salvioli G, Filograsso N, 
et al. Dopamine D4 receptor (DRD4) polymorphism and adaptability trait 
during infancy: a longitudinal study in 1- to 5-month-old neonates. Neuroge-
netics. 2001;3(2):79-82.

63. Bakermans-Kranenburg M, van Ijzendoorn M. Differential susceptibility to 
rearing environment depending on dopamine-related genes: new evidence 
and a meta-analysis. Development and psychopathology. 2011;23(1):39-52.

64. Belsky J. Theory testing, effect‐size evaluation, and differential susceptibility 
to rearing influence: The case of mothering and attachment. Child develop-
ment. 1997;68(4):598-600.

65. Ellis BJ, Boyce WT. Biological sensitivity to context. Current Directions in 
Psychological Science. 2008;17(3):183-7.

66. Levitan R, Masellis M, Lam R, Kaplan A, Davis C, Tharmalingam S, et al. 
A birth-season/DRD4 gene interaction predicts weight gain and obesity in 
women with seasonal affective disorder: A seasonal thrifty phenotype hypoth-
esis. Neuropsychopharmacology : official publication of the American College 
of Neuropsychopharmacology. 2006;31(11):2498-503.

67. Ding Y-C, Chi H-C, Grady D, Morishima A, Kidd J, Kidd K, et al. Evidence of 
positive selection acting at the human dopamine receptor D4 gene locus. Pro-
ceedings of the National Academy of Sciences of the United States of America. 
2002;99(1):309-14.

68. Klein TA, Neumann J, Reuter M, Hennig J, Von Cramon DY, Ullsperg-
er M. Genetically determined differences in learning from errors. Science. 
2007;318(5856):1642-5.

69. Tripp G, Wickens J. Research review: dopamine transfer deficit: a neurobi-
ological theory of altered reinforcement mechanisms in ADHD. Journal of 
child psychology and psychiatry, and allied disciplines. 2008;49(7):691-704.

70. Suomi SJ. Early determinants of behaviour: evidence from primate studies. 
British Medical Bulletin. 1997;53(1):170-84.

71. Xu H, Michael YS, Wong EY, Uphoff J, Xu Y, Treadway JA, et al. Multiplexed 
SNP genotyping using the Qbead™ system: a quantum dot‐encoded micro-
sphere‐based assay. Nucleic Acids Research. 2003;31(8):e43-e.

72. Atkinson L, Leung E, Goldberg S, Benoit D, Poulton L, Myhal N, et al. Attach-
ment and selective attention: Disorganization and emotional Stroop reaction 
time. Development and psychopathology. 2009;21(01):99-126.


