
VU Research Portal

Risk Factors for Childhood Problem Behavior: Studies in Twins and Triplets

Lamb, D.J.

2013

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Lamb, D. J. (2013). Risk Factors for Childhood Problem Behavior: Studies in Twins and Triplets. [PhD-Thesis -
Research and graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 24. May. 2023

https://research.vu.nl/en/publications/0a5b1877-4ac8-4aca-a1b6-0e6718fa6f3e


109

CHAPTER  7: 

SUMMARY AND GENERAL DISCUSSION
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Summary

Chapter 2 looked at Internalizing problems (INT) in adolescent twins and analyzed self-report 
data on anxious depression and withdrawn behavior in a bivariate gene  c model. The results 
show that the impact of Addi  ve gene  c infl uences (A), Common environment shared by child-
ren from the same family (C) and unique Environment (E) on INT depend on age, thereby indi-
ca  ng age x genotype interac  on. At age 12, the es  mates of the explained variance by C for 
anxious depression and withdrawn behavior are signifi cantly present, however, at age 14 and 
16 gene  c factors were suffi  cient to explain familial clustering, shared environmental eff ects 
were absent. There were no diff erences in the es  mates of A and E between boys and girls.
Chapter 3 indicates that the teacher, school and/or class environment aff ects the expression 
of gene  c factors for INT and Externalizing problems (EXT). Twins a  ending the same class and 
therefore rated by the same teacher show slightly lower levels of problem behavior and greater 
resemblance in problem behavior than twins who were rated by diff erent teachers. This greater 
resemblance cannot be ascribed to the possibility that teachers were confusing the twins or by 
a bias of the teachers. Rather, the results appear to be due to a higher heritability of problem 
behavior assessed in children who were rated by the same teacher, which cons  tutes evidence 
for teacher/classroom x genotype interac  on. In children who are exposed to the same teacher 
and/or classroom environment, a certain behavior can be more or be less triggered, thus tea-
chers and the atmosphere in a classroom can truly make a diff erence in how children perform 
and behave at school. 
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In chapter 4, Gene-environment interac  on (GxE) is inves  gated for INT and EXT measured at 
ages 3, 5 and 7 with SES (SES) and formal child care between birth and age 4. In a large sample, 
two compe  ng theore  cal models were tested regarding the ques  on whether mean levels of 
problem behavior are infl uenced by formal child care and whether the infl uence of gene  c and 
environmental factors on problem behavior is moderated by the a  endance of formal child 
care. One model, the diathesis-stress model, states that higher mean levels of problem beha-
vior are observed in risk environments, accompanied by an increase in the heritability of pro-
blem behavior in risk environments. In the other model, the bioecological model, a decrease in 
heritability and an increase in the mean level of problem behavior are predicted when exposed 
to the risk factor. Children who went to formal child care scored slightly higher on EXT, especially 
when these children came from a lower SES family. The impact of environmental factors was 
higher in the formal child care group, leading to a lower heritability. Children in the lower SES 
group were also more infl uenced by environmental eff ects, thus heritability was lower in those 
groups. The eff ects of child care and SES on the infl uence of gene  c and environmental factors 
were most pronounced at age 7 and for EXT. With regard to the two theore  cal models, these 
fi ndings support the bioecological model above the stress-diathesis model, given the hypothe-
sis that formal child care is a risk environment for problem behavior.
Chapters 5 focused on determinants of triplet birth weight because triplets are o  en born with 
a low birth weight, which is associated with disadvantageous childhood development. Gesta  -
onal age, sex, zygosity and maternal smoking aff ect birth weight with early born, girls, monozy-
go  c triplets, and children from smoking mothers having a lower birth weight than later born, 
boys, and di- or trizygo  c triplets, and children of non-smoking mothers. No eff ects of Assis-
ted Reproduc  ve Technologies (ART) or maternal alcohol consump  on during pregnancy were 
found.  The resemblance in birth weight was higher in MZ triplets than in DZ triplets indica  ng 
that gene  c factors are also of importance in birth weight.
Chapter 6 subsequently inves  gated the eff ect of chorionicity on birth weight of triplets. Data 
of 346 triplets from the NTR were successfully linked to chorionicity informa  on in PALGA (a 
na  onwide network and registry of histo- and cytopathology in the Netherlands). Monozygo  c, 
monochorionic triplets had a lower mean birth weight than dizygo  c, dichorionic triplets. In di-
zygo  c trios, monozygo  c pairs only had a lower mean birth weight than their dizygo  c sibling 
triplet when the pair shared a chorion. In conclusion, sharing a chorion is a more important risk 
factor for low birth weight than monozygosity.  

Discussion

This thesis points to the importance of analyzing mul  ple phenotypes, diff erent environmental 
factors, and taking age into account when es  ma  ng the heritability of problem behavior. As 
Kendler and others (Kendler et al., 2008b; Kendler et al., 2008c; Reinke and Herman, 2002) 
found for INT, the infl uence of the genome is dynamic during childhood and adolescence. This 
is also true for environmental factors. The large twin registries that have followed their subjects 
for, for example, 25 years, such as in the Netherlands Twin Register (NTR) contribute to the 
disentanglement of the e  ology of INT and EXT across the lifespan. This thesis had a focus that 
went beyond heritability and looked at genotype x environment interac  ons, where “environ-
ment” was broadly defi ned as age, teacher/classroom, formal child care and parental SES.
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The fi ndings of chapter 2 are in line with previous studies on gene x age interac  on for INT 
problems that also showed higher heritability es  mates in adolescence than in childhood and a 
common environmental infl uence only in childhood (Bergen, Gardner and Kendler, 2007; Gre-
gory and Eley, 2007; Rapee, Schniering and Hudson, 2009; Rice, 2009). These age diff erences do 
not necessarily imply that diff erent genes are involved, and longitudinal  studies should address 
this ques  on. In addi  on to previous research, this thesis shows that the increase in heritability 
occurs not during but a  er the onset of puberty as at age 12. Thus, when common environmen-
tal infl uences are s  ll present, most of the children have already entered puberty. Furthermore, 
the bivariate analysis of anxious-depressive and withdrawn behavior indicated a high (0.85 to 
1) gene  c correla  on between these phenotypes sugges  ng that in future genome wide as-
socia  on studies (GWAS), genes indicated to aff ect one of the two phenotypes are also likely 
to be involved in the other. Moreover, when including subjects in a GWAS analysis, data from 
individuals with measurements of only one of the two phenotypes could be pooled together to 
enhance the power of the analysis. 
Chapter 3 and 4 inves  gated the eff ect of teacher/classroom, SES and formal child care on the 
infl uence of genes and environment on INT and EXT. Since their parents or teachers rated the 
twins at diff erent ages during childhood, gene x age interac  on was also taken into account. 
Overall, the results emphasize that both gene  c and environmental eff ects can vary across ages 
and diff erent environmental exposures and that it is not possible to draw general conclusions. 
This is in contrast to the conclusion of Hicks et al. (2009a and 2009b) who studied GxE inter-
ac  on for several environmental risk factors in INT disorders and EXT disorders and concluded 
that the way genes and environment interact in a phenotype generalizes over environmental 
stressors. For EXT, all environmental risk factors increased the gene  c variance, and, to a lesser 
extent, the environmental variance, which could be interpreted as, in the case of EXT pheno-
types, evidence for a diathesis-stress model. On the other hand for INT, all environmental risk 
factors increased the environmental variance, sugges  ng a bioecological model. The fi ndings in 
this thesis do not support a phenotype specifi c pa  ern. In the analysis of the teacher data the 
results show the same pa  ern for INT and EXT, namely a decrease in gene  c variance as well as 
an increase in unique environmental variance when children a  end a diff erent class (and thus 
are exposed to diff erent teachers). In the analysis of SES and formal child care, the environmen-
tal variance for INT and EXT was higher when children went to formal child care and when SES 
was lower, although the eff ect was more pronounced in EXT. These fi ndings support the bioe-
cological model, with no phenotypic specifi c pa  ern, which is thus in contrast to the Hicks et al. 
(2009b) paper. An important diff erence between the analyses in current thesis and the Hicks et 
al. papers was that the analyses reported here focus on 3-, 5-, 7-, 10- and 12-year-old children 
and the Hicks at al. paper analyzed data from adolescents at age 17. Other studies also yielded 
diff erent results than the Hicks et al (2009a and 2009b) studies. Life events, for example, have 
also been associated with an increase of the heritability of INT, suppor  ng the diathesis stress 
model (Eaves, Silberg and Erkanli, 2003; Lau and Eley, 2008; Lau et al., 2007; Silberg et al., 2001), 
while living in a socio-economically less advantaged neighborhood has been associated with 
less gene  c eff ects on EXT, suppor  ng a bioecological model (Legrand, Keyes, Mcgue, Iacono 
and Krueger, 2008; Tuvblad et al., 2006).
 Detec  ng GxE and theorizing about the mechanisms, which lead to this phenomenon, are 
important not only for understanding how genes, age and environment interact and ul  mately 
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result in a phenotypic outcome. There are also more specifi c implica  ons. The importance of 
classroom environment for internalizing and externalizing problem behavior has been discussed 
by (Herman, Reinke, Parkin, Traylor and Agarwal, 2009; Reinke and Herman, 2002). Chapter 3 
indicates the eff ect of a teacher/classroom depends on a child’s gene  c make-up. As a con-
sequence, the previously reported associa  ons between, for example, posi  ve behavior of a 
teacher and lower INT and EXT scores  (Herman et al., 2009; Reinke and Herman, 2002), might 
be driven by a specifi c group of children and diff erent interven  on might be more suitable for 
other groups of children. Future studies should take child characteris  cs into account that can 
infl uence the eff ect of an interven  on.         
  The importance of SES as a risk factor for problem behavior was already well 
established. A recent study also showed the enduring eff ect of low SES in childhood (Rama-
nathan, Balasubramanian and Krishnadas, 2013). Chapter 4 shows that the eff ect of SES on 
problem behavior in childhood is due to an increase in environmental variance in line with 
the bioecological model, which hypothesizes that risk environments mask gene  c diff erences 
between children. This signifi es that in the low SES category, there are more diff erences in indi-
vidual circumstances that explain varia  on in problem behavior, while in the high SES category, 
there is less varia  on in the environment. More insight in the diff erences within the low SES 
category is necessary to be able to iden  fy the children with the highest risk. 
  Chapter 5 shows that the same risk factors for low birth weight in singleton 
and twin pregnancies apply to triplet pregnancies. Since triplet pregnancies are more at risk 
for a complicated course, these mothers should be even more encouraged to quit smoking. 
Moreover, given the eff ect of chorionicity as shown in chapter 6, careful monitoring of mono-
chorionic triplets is required. 
  Birth weight is an important determinant of childhood development and we 
have found that BW in triplets is 1900 grams (and gesta  onal age is 33.7 weeks). Therefore, 
the next step in future research with triplets will be to establish associa  ons with BW and the 
development of behavioral and emo  onal problems and with cogni  ve development. To this 
end, longitudinal data on behavioral and emo  onal problems are collected with the Child Be-
havior Check List (CBCL) and the Teacher Report Form (TRF), as described in the Appendix of 
this thesis. The NTR also collects informa  on on CITO scores (a standardized test on Educa  onal 
a  ainment at age 12 years) in twins and triplets (for triplets we currently have 79 scores by 
self-report and 37 scores via parental report). It is noteworthy that almost 50% of the surveys 
that are sent to parents of triplets when they have reached the age of 12 years is returned to 
the NTR with the remark from parents that the children have not reached ‘group 8’, which is the 
last group in elementary school in the Netherlands which nearly all children reach at the age 
of 12 years. When suffi  cient data are becoming available, we can assess in future projects the 
infl uence of BW and gene  c factors on behavior in triplets and school performance. 
  One ques  on to be addressed in future research involves the infl uence of 
BW on mean levels of behavioral and emo  onal problems and cogni  on. Are triplets at higher 
risk than singleton and twin children because they have lower GA and BW? NTR studies show 
that in twins there is very li  le diff erence between twins and singletons, especially when birth 
order within the family is taken into account, but it is not known whether this is also true in 
triplets (Robbers et al., 2010; de Zeeuw, van Beijsterveldt, de Geus and Boomsma, 2012). An 
important assump  on of all studies on mul  ples is that the results can be generalized to sin-
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gletons, who cons  tute the largest part of the general popula  on, although currently about 1 
in 32 children in the Netherlands are part of a mul  ple birth (Glasner, Beijsterveldt, Willemsen 
and Boomsma, 2013). Twins and triplets carry a substan  al risk of preterm delivery resul  ng in 
15–20% of all preterm births (Hall, 2003; goldenberg, Culhane, Iams and Romero, 2008). In ad-
di  on, partly due to prematurely and partly due to sharing a uterus, mul  ples have on average 
a lower birth weight than singletons. In the NTR the average dura  on of twins pregnancies is 
36.3 (2.6) weeks with an average birth weight of 2423 (542) grams in MZ twins and 36.7 (2.4) 
weeks with an average birth weight of 2533 (550) grams in DZ twins (Gielen et al., 2010). In sin-
gletons, prematurity and low birth weight are thought of as indicators of sub-op  mal develop-
ment during the gesta  on. Both are associated with child and adolescent INT and EXT behavior 
(Arnoudse-Moens, Weisglas-Kuperus, van Goudoever and Oosterlaan, 2009). In twins, their on 
average lower birth weight and shorter gesta  onal age does not appear to result in an elevated 
risk in problem behavior in comparison with singletons. However, sta  s  cs on gesta  onal age 
and birth weight in triplets are worse than in twins. Thus, the ques  on arises how studies on 
triplets should be interpreted and how birth weight should be handled as possible confounding 
factors (i.e. do the same standards apply for triplets as they do for singletons when classifying 
the infants’ birth weight (e.g. Low Birth Weight (LBW), Very Low Birth Weight (VLBW)).  Before 
this ques  on can be properly answered, factors aff ec  ng birth weight in triplets should be in-
ves  gated. 
  A second ques  on involves the interac  on of gene  c factors and BW on the 
development of behavioral and emo  onal problems and cogni  on in triplets. The models des-
cribed in this thesis to study GxE interac  on in twin data (recognizing that BW cannot be labeled 
as a purely environmental trait) can be extended to triplet data. 
Thirdly, it may be that triplet status itself interacts with the gene  c infl uences on behavior. 
For example, the rearing environment of triplets may diff er more from the environment of 
singleton children than is the case for twins compared to singletons. (Feldman, Eidelman and 
Rotenberg, 2004) Feldman et al. (2004) have shown that maternal sensi  vity is lower for triplets 
than singletons. Star  ng from 2012, when parents of triplets received the CBCL they were also 
sent an addi  onal ques  onnaire which inquired about triplet well-being and the experience of 
parents on having and raising triplets (see appendix IV of this thesis). In addi  on, when triplets 
and twins in the NTR reach the age of 14 years, they receive surveys for the collec  on of self-
report data (the Dutch Health and behavior ques  onnaire: DHBQ; Bartels et al., 2007). At that 
 me we also approach the singleton siblings of twins and triplets. The DHBQ includes ques  ons 

about the rearing environment as perceived by the twins, triplets and their singleton sibs and 
this, together with the longitudinal data in these groups, will cons  tute a valuable database for 
future studies, going beyond heritability studies and also including gene-environment correla-
 on and interac  on explora  ons.
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