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Abstract

Gene-environment correlations and interactions for the relationship between emotional problems (EP) and family environment in adoles-
cents in low- to middle-income countries (LMIC) have been rarely investigated. In total, 3207 adolescent twins aged 12–18
(Mean= 14.6 ± 1.73) years attending public schools in Lagos State in Nigeria completedmeasures of EP and Family Chaos (FC).Model-fitting
analyses suggested that genetic and non-shared environmental influences on EP were 21% and 71%, respectively, and the corresponding
estimates were 23% and 71% for FC. Shared environmental influences were not significant (8% and 6% respectively). Phenotypic correlation
between EP and FC was .30 (95% CI= .27–.34), which was significantly influenced by genetic (A – 49%, 95% CI: 0.01–0.97) and non-shared
environmental factors (E – 32%, 95% CI: 0.10–0.54). Shared environmental influences were not significant (C – 19%, 95% CI: −0.13 to 0.50).
Moderation effects were significant whereby as FC increased, A on EP decreased (βA=−0.07, 95% CI: −0.12 to −0.02) while E increased
(βE= 0.06, 95% CI: 0.03–0.09). Our findings indicate that genetic and non-shared environmental risk factors may mediate the relationship
between EP and FC, and that as FC increases, protective genetic influences on EP may be attenuated, whereas environmental influences may
become stronger in adolescents in LMIC.
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Introduction

Emotional problems (EP) including anxiety and depressive disor-
ders are the commonest mental health conditions (World Health
Organization, 2017), and are first and sixth leading contributors to
non-fatal health loss (World Health Organization, 2017). These
conditions arise during childhood with the burden being highest
in low- and middle-income countries. For example, up to 50%
of Nigeria’s population of 200 million are aged 18 years or less
(United Nations, Economic, & Social Affairs, 2017), with one
out of every seven adolescents under 16 years experiencing mental
health difficulties (Cortina et al., 2012).

However, despite this burden, there is little research investigat-
ing the determinants of child and adolescent mental health in these
settings (Owen et al., 2016). In Nigeria, only a few studies have
investigated the associations between childhood risk exposures
and mental health conditions. Of these, most have tested bivariate
associations between childhood risk exposures such as chaotic
households and child and adolescent mental health conditions.
Furthermore, others have investigated associations between retro-
spectively assessed childhood risk and adult mental health

conditions (e.g., Oladeji et al., 2010). In contrast, extensive research
from higher-income settings have investigated the causal roles of
such adverse environmental exposures in the etiology of childhood
mental health conditions (Fogelman & Canli, 2019; Lupien et al.,
2009). Unfortunately, it is unclear to what extents findings from
higher-income countries can be generalized to low- to middle-
income countries.

Furthermore, considering that even environmental risk expo-
sures can be influenced by genetic factors (Plomin et al., 1977),
it is possible that the associations between the risk factors and
childhood mental health conditions identified in Nigeria are partly
genetically mediated. For example, using a United Kingdom-based
twin cohort a significant gene-environment correlation (i.e., over-
lap between genetic influences and environmental measures) was
demonstrated for family chaos (FC) and depressive symptoms
(Wilkinson et al., 2013). Specifically, chaotic households are char-
acterized by high levels of disorganization, and lack of routines and
structure in daily activities (Weisner, 2010), which is associated
with adverse childhood mental health outcomes (Marsh et al.,
2019). Thus, while children may inherit genetic risk for EP directly
from their parents, genetic risk may also be transmitted indirectly
via passive gene-environment correlation. This means that parents
create genetically-influenced risk environments (e.g., chaotic fam-
ily households, Plomin et al., 1977) associated with childhood EPs.
In addition, children with inherited risk for EP may contribute to
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FC (active gene-environment correlations). These associations can
explain phenotypic as well as genetic correlations between EPs and
risk environments such as chaotic family households in childhood
and adolescence. Alternatively, chaotic households may moderate
the expression of genetic risk for EPs (Wilkinson et al., 2013) such
that genetic influences are differentially manifest in adverse envi-
ronments – a stress-diathesis gene-environment interaction (Dick,
2011). However, these possibilities have not been previously exam-
ined in a non-Western sample.

Considering the high burden of childhood mental health con-
ditions and the under-prioritization of mental health in low- to
middle-income countries settings, it is important to start investi-
gating the etiological mechanisms of childhood mental health con-
ditions in these settings. A readily available and affordable
approach is to use population-based genetically informative
designs such as twin studies to disentangle the genetic and environ-
mental mechanisms of childhood mental health risk. Findings
from such studies can help focus further research efforts and policy
changes on risk factors which can be targeted for preventive mental
health intervention in low- to middle-income countries.

The objectives of the present study were therefore to use the
genetically informative twin design to investigate (1) the extent
to which genetic and environmental influences explain the rela-
tionship between chaotic family environments and EP among
adolescents in Nigeria, and (2) whether the genetic and environ-
mental influences on EP change as a function of chaotic family
environments.

Method

Sample

The sample comprised 3207 adolescent twins aged 12–18
(Mean= 14.6 ± 1.73) years including 768 monozygotic (MZ)
(Mean age = 14.6 ± 1.71) and 2439 dizygotic (DZ) (Mean age
= 14.6 ± 1.74) twins drawn from the Nigerian Twin and Sibling
Registry (Hur et al., 2019). Of these, 1458 (45.5%) and 1749
(54.5%) were male and female respectively. Twins were recruited
from 272 public junior and senior secondary schools in Lagos state
in Nigeria. Questionnaires were administered to twins in the
school libraries or special classrooms. Research assistants and
school teachers were present in the testing room to monitor twins
and give instructions to twins. During the testing session, a saliva
sample was taken and analyzed to determine twins’ zygosity.
Eighteen microsatellite markers of DNA including amelogenin
were analyzed to test zygosity of twins. A much larger number
of DZ thanMZ twins in the present sample likely reflects twin birth
rates in Nigeria (MacGillivray, 1986). Further details of the recruit-
ment procedures have been previously described (Hur et al., 2013,
2017, 2019). Approval to conduct this research was obtained from
the Ministry of Education in Lagos state and the Health Research
and Ethics Committee of the Lagos State University Teaching
Hospital in Nigeria. Our research has been conducted according
to the ethical principles expressed in the Declaration of Helsinki.

Measures

EPs
These were assessed using the five items of the EP scale of the
Strength and Difficulties Questionnaire (Goodman, 1997). The
Strength and Difficulties Questionnaire is one of the most com-
monly used instruments for screening psychopathology in children
and adolescents and has been translated into over 70 languages

worldwide. It contains five scales which assess EP, Peer
Problems, Hyperactivity, Conduct Problems, and Prosocial
Behavior (five items per scale). Participants completed all five
scales of the Strength and Difficulties Questionnaire. However,
only the EP scale was used in the present study. The items of
the EP scale include: “getting a lot of headaches, stomach-aches,
or sickness”; “worrying a lot”; “being often unhappy or tearful”;
“being nervous in new situations”; and “having many fears.”
These items assess emotional difficulties which are associated with
an increased risk for internalizing disorders (Stone et al., 2010).
Twins were asked to report each of these experiences on a 3-point
Likert scale ranging from “Not true” (scored 0) to “Certainly true”
(2). The responses were summed with higher scores indicating
higher EP, and the Cronbach’s alpha was 0.55 in the present
sample.

All scales have good correlations with those of the Child
Behavior Check List (Vogels et al., 2009), and yield good sensitiv-
ities in detecting psychiatric disorders in the community as well as
in clinical samples (Goodman et al., 2004). A review that examined
48 studies (N= 131,223) from various countries examining the
psychometric properties of the Strength and Difficulties
Questionnaire concluded that the internal consistency, test–retest
reliability, and validity of the subscales were satisfactory across dif-
ferent age groups and sexes (Stone et al., 2010).

FC
FC was assessed using the family adaptability scale (ten items) of
the 20-item Family Adaptability and Cohesion Evaluation Scales
(FACES III, Olson, 1986) which assesses family functioning in
terms of adaptability (change) and cohesion (Place et al., 2005).
The Family Cohesion scale (also comprising ten items) assesses
the degree to which family members are connected to or separated
from each other. Only the Family Adaptability subscale was
included in the present analyses consistent with the study’s objec-
tives. The Family Adaptability subscale measures the family’s
capacity to change its power structure, role relationships and rules
in response to situational or developmental needs. High scores are
indicative of unstable routines and roles within the family (i.e., FC)
while lower scores indicate more structured family environments
(Place et al., 2005). Sample questions include “Different persons act
as leaders in our family,” “The rules seem to change in our family”
and “The children make the decisions in our family.” Each item was
scored on a 3-point Likert scale ranging from “Almost never”
(scored 0) to “Almost always” (2). Nine items from this subscale
were used with one item excluded: “Our family changes its way
of handling tasks.” to improve the internal consistency of the sub-
scale from .56 for all 10 items to .60 for 9 items. This may reflect the
stability of the roles of children and adults in Nigerian households
(Ajayi &Owumi, 2013; Ogunola, 2018). The responses to the items
were summed with high and low scores indicating chaotic and
structured family environments respectively. The Cronbach’s
alpha in the present sample was 0.60.

Statistical analysis

The data were prepared using SPSS (IBM SPSS vs 26) while bio-
metric genetic analyses were carried out in OpenMx (Neale
et al., 2016) using maximum likelihood estimation procedures.
As is standard practice (McGue & Bouchard, 1984), FC and EP
were adjusted for the main effects of age and sex by using regres-
sion analysis and standardized residuals were used in subsequent
analyses.
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Phenotypic correlations were computed using maximum like-
lihood estimation and constraints were applied whereby within-
person correlations were equal across birth order and zygosity.
This was to enable the estimation of many correlations using a
reduced set of statistics as is typically done in structural equation
modeling using twin data. To gain an initial impression of the
genetic and environmental influences on each variable, maximum
likelihood twin correlations were estimated across MZ and DZ
twin pairs for FC and EP.

The variances and covariance of the variables were parsed into
additive genetic (A), and shared (C) and non-shared (E) environ-
mental components. This is achieved by comparing within-pair
correlations in MZ and DZ twins raised together. The method
assumes thatMZ andDZ twins are 100% and 50% genetically iden-
tical; and that both types of twins share their family environment to
the same extent (Rijsdijk & Sham, 2002). A influences indicate the
extent to which individual differences between individuals reflect
genetic differences. C influences indicate aspects of the environ-
ment that make twin pairs similar to each other and may include
aspects of the home environment, while E influences indicate envi-
ronmental influences that make twins different from each other
including random idiosyncratic events and measurement error
(Rijsdijk & Sham, 2002).

To investigate the genetic and environmental etiology of the
correlation between FC and EP (first objective), we specified a
bivariate ACE Cholesky model and interpreted a correlated solu-
tion (Loehlin, 1996). The decision to specify an ACE model was
based on DZ cross-twin within-trait correlations being greater
than half the corresponding MZ correlations (Rijsdijk & Sham,
2002). However, as C influences were not statistically significant
in the bivariate ACE model, C parameters were dropped from
the full model (χ2[3]= 2.31; p= 0.51; Supplementary Table S2).
We thus reported the results of the AE model.

To investigate the second objective, we specified a bivariate
moderation model in which FC was modeled as a moderator
(Figure 1; Purcell, 2002). This model allowed us to explore whether
theA and E component influences on EP varied as a function of FC
(the effect of moderation) in addition to the genetic/environmental
correlations between FC and EP. Specifically, moderation coeffi-
cients (β) were included in the expression of the path coefficients
for the latent A and E influences on EP and its covariance with FC
that is, aþ βAM and eþ βEM respectively where M indicates

different values of the moderator (−2SD to þ2SD).
Furthermore, we adjusted for the direct effects of the cotwin’smod-
erator variable as recommended by van der Sluis et al. (2012) when
the moderator variable is not obligatorily shared by twin pairs to
reduce the likelihood of false positive moderation effects. 95% con-
fidence intervals of all estimates including moderation coefficients
are reported and statistical significance inferred by intervals not
including the null value of 0. As a preliminary exploratory step,
we specified a bivariate phenotypic moderation model to test
whether the variance in EP and its covariance with FC were mod-
erated by FC and the results are reported in the Supplementary
material.

Results

Descriptive statistics

Table 1 gives descriptive statistics for FC and EP by zygosity. The
mean age of the participants was 14.6 (±1.73) years (Table 1), the
mean FC score in the whole sample was 16.6 (±3.39) and that for
EP was 3.8 (±2.41). Means (SDs) of these variables were not sig-
nificantly different across zygosity or birth order within each
zygosity group.Male participants (n= 1458, 45.5% of total sample)
were older than female participants (n= 1749). Although the dif-
ference was statistically significant, the magnitude was small
(Cohen’s d= 0.07, p= 0.03). In contrast, female participants had
significantly higher EP compared to male participants (Cohen’s d
= 6.75; p< 0.001). There was no significant sex difference in FC.
Considering that there were no sex differences in the variances
of the variables (p> 0.05 using Levine’s test) and main effects of
sex and age had been adjusted for, we did not further investigate
sex differences in subsequent analyses.

Phenotypic correlations

Table 2 shows phenotypic, cross-twin within-trait, and cross-twin
cross-trait correlations between FC and EP. There was a moderate
positive correlation between FC and EP (r= 0.30, 95% CI: 0.27–
0.34, Table 2) whereby higher FC was significantly associated with
more EP. The cross-twin within-trait correlations among MZ
twins for FC and EP were both 0.29 (95% CI: 0.20–0.38, the simi-
larities in estimates are due to approximation). However, they were
both less than 1, indicating the presence of E influences (including
measurement error). Although theMZ cross-twin within-trait cor-
relations were greater than the corresponding DZ correlations
(r= 0.18 and 0.19, 95% CIs: 0.12–0.24 and 0.13–0.24 respectively)
indicating the presence of A influences, the MZ correlations were
less than twice the DZ correlations, which suggested some C
influences.

Bivariate Cholesky model fitting

Bivariate twinmodel fitting indicated significant genetic influences
on FC (32%, 95% CI: 0.25–0.38; Table 3) and EP (32%, 95% CI:
0.25–0.39), and the covariance between them (74%, 95% CI:
0.58–0.91). There were significant E influences on FC (68%,
95% CI: 0.62–0.75), EP (68%, 95% CI: 0.61–0.75) and their covari-
ance (26%, 95% CI: 0.09–0.42). Genetic and environmental corre-
lations (rA and rE respectively) between FC and EP were
significant: 0.70 and 0.11 (95% CIs: 0.55–0.86 and 0.04–0.19
respectively). Significant genetic correlation between EP and FC
implicates the presence of gene-environment correlation (Quinn
& D’Onofrio, 2020; Rijsdijk & Sham, 2002). The estimates for
the full ACE model are reported in Supplementary Table S1.

Figure 1. Bivariate moderation model with the moderator specified as a dependent
variable. Note. In this model, family chaos (FC) is modeled as a dependent variable,
allowing for moderation of its covariance with emotional problems (EP). A11, E11,
A22 and E22 represent unique additive genetic and non-shared environmental
influences on FC and EP respectively while a11, e11, a22 and e22 denote their respective
unmoderated path coefficients, a21 and e21 denote the additive genetic and non-
shared environmental coefficients of the covariance between FC and EP; (βa22M,
βe22M) and (βa21M, βe21M) denote the respective moderation terms on the a22 and
e22, and a21 and e21 paths where M indicates possible values of the moderator (ranging
between þ2SD and −2SD).
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Moderation analyses

Exploratory phenotypic moderation analyses indicated that FC
significantly moderated the variance of EP (β= 0.09, 95%
CI= 0.02–0.15) such that the variance in EP increased as FC
increased while moderation of the covariance was not significant
(Table S3 and Figure S1, Supplementary material). In line with
these findings, genetic bivariate moderation analyses showed that

the genetic and non-shared environmental influences on the vari-
ance of EP were significantly moderated by FC (Table 4, Figure 2)
such that genetic influences decreased (βA=−0.07, 95% CI: −0.12
to −0.02) and non-shared environmental influences increased
(βE= 0.06, 95% CI: 0.03–0.09) as FC increased. In contrast, the
genetic and non-shared environmental influences on the covari-
ance between FC and EP were not significantly moderated by FC.

Discussion

This is the first study to investigate the etiology of the relationships
between EP and an environmental risk factor – FC in adolescents

Table 2. Phenotypic and twin correlations and their 95% confidence intervals
for family chaos (FC) and emotional problems (EP)

Variable FC EP

Within-person

FC 1

EP 0.30 (0.27–0.34) 1

MZ cross-twin

FC 0.29 (0.20–0.38)

EP 0.21 (0.14–0.27) 0.29 (0.20–0.38)

DZ cross-twin

FC 0.18 (0.12–0.24)

EP 0.13 (0.09–0.17) 0.19 (0.13–0.24)

Note. MZ=Monozygotic twins; DZ= Dizygotic twins. 95% confidence intervals are in
parenthesis.

Table 4. Moderation coefficients of component influences on variance of
emotional problems (EP) and its covariance with family chaos (FC)

Moderation
coefficients

Covariance of FC and
EP Variance of EP

βA 0.03 (−0.02 to 0.08) −0.07 (−0.12 to
−0.02)

βE 0.00 (−0.04 to 0.04) 0.06 (0.03–0.09)

Note. FC and EP= Family chaos and Emotional problems respectively, βA and
βE=Moderation coefficients of additive genetic and non-shared environmental influences
from genetic moderation model.

Table 1. Characteristics of study sample

Variable MZ DZ Male Female Total

Age (years)

n 768 2439 1458 1749 3207

Mean (±SD) 14.6 (1.71) 14.6 (1.74) 14.7 (1.77) 14.6 (1.71) 14.6 (1.73)

Family chaos

n 758 2400 1439 1719 3158

Mean (±SD) 16.5 (3.40) 16.8 (3.38) 16.7 (3.40) 16.7 (3.38) 16.7 (3.39)

Emotional problems

n 733 2339 1401 1671 3072

Mean (±SD) 3.6 (2.40) 3.9 (2.41) 3.5 (2.39) 3.9 (2.37) 3.8 (2.41)

Note. MZ=Monozygotic twins; DZ= Dizygotic twins.

Table 3. Genetic and non-shared environmental influences on variances and
covariance of family chaos (FC) and emotional problems (EP), and genetic
and non-shared environmental correlations between FC and EP

FC EP Correlation

a2

FC 0.32 (0.24–0.38)

EP 0.74 (0.58–0.91) 0.32 (0.25–0.39) rA= 0.70 (0.56–0.86)

e2

FC 0.68 (0.62–0.75)

EP 0.26 (0.09–0.42) 0.68 (0.61–0.75) rE= 0.11 (0.04–0.19)

Note. a2 and e2= standardized genetic and non-shared environmental influences; rA and
rE= Genetic and non-shared environmental correlations. 95% confidence intervals are in
parenthesis.

Figure 2. Moderation of the unstandardized variance component influences on emo-
tional problems. Note. A= Additive genetic influences, E= Non-shared environmental
influence; EP = Emotional problems; FC = Family chaos.
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using a genetically informative design in a low-/middle-income
setting which are under-represented in global genetic research
(Tucci & Akey, 2019). The present study confirmed a significant
positive correlation between FC and EP and demonstrated signifi-
cant genetic and non-shared environmental influences on both
variables and their covariance. Furthermore, it was found that as
FC increased, the genetic variance in EP decreased, whereas the
non-shared environmental variance increased.

The heritability of FC found in the present study is consistent
with heritability estimates of FC previously shown in higher-
income countries, indicating that environmental variables (e.g.,
FC) are influenced by genetic factors (Plomin et al., 1977,
Polderman et al., 2015). However, shared environmental (C)
influences were smaller than non-shared environmental (E)
influences and not significant in the present sample, suggesting
that environmental influences on FC predominantly made chil-
dren in the same family different from rather than similar to each
other. The genetic and non-shared environmental influences on
adolescent EPs are consistent with genome-wide polygenic and
non-genetic (including early-life stressful experiences) influences
on depressive and anxiety symptoms (Heim & Binder, 2012;
Howard et al., 2019; Lupien et al., 2009).

Consistent with previous research (Wilkinson et al., 2013), the
present study demonstrated that chaotic home environments were
associated with higher EPs. A possible explanation is that the stress
associated with adverse home environments may adversely impact
on the developing brain which may manifest as an increased risk
for EPs (Lupien et al., 2009). This is consistent with the correlation
between the non-shared environmental influences on FC and EPs
which suggests that FC and EPs are influenced by similar individ-
ual-specific factors. An alternative explanation suggested by the
genetic correlation between FC and EPs is that the same genetic
factors that predispose to EPs can also result in chaotic family set-
tings which are independently associated with EPs (Kendler et al.,
2002). Thus, parents can transmit the genetic risk for EPs to their
children directly as well as indirectly through genetically mediated
chaotic family settings. In contrast to this passive gene-environ-
ment correlation, it is also possible that children with genetic risk
for EPs evoke chaos-promoting reactions from their parents
(Plomin et al., 1977). However, these bidirectional effects need
to be specifically tested in longitudinal studies.

A final mechanism for the etiological relationship between FC
and EPs among the adolescents in the present study is via moder-
ation effects. Specifically, we showed that the genetic contribution
to individual differences in EPs decreased as FC increased. This
finding contrasts with the stress-diathesis effect whereby genetic
influences on an adverse health outcome manifest more strongly
in increasingly stressful situations (Dick, 2011; Manuck &
McCaffery, 2014). Instead, our finding is consistent with the pre-
diction offered by the bio-ecological model (Pennington et al.,
2009), where adverse environmental factors are hypothesized to
influence the development of the disorder. According to this
model, environmental sources of variance are strongest in the pres-
ence of environmental risk, whereas genetic influences are most
prominent in the absence of environmental risk. Prior studies have
provided some support for this model to explain attention deficit
hyperactivity disorder (Nikolas et al., 2012). Further studies are
needed to confirm whether this model can be applied to EPs.
Another interpretation is that the etiological influences on EPs
can be conceptualized as including those that are protective
[e.g., (de Vries et al., 2021) and those that confer risk (Howard
et al., 2019)]. Our finding may thus suggest that protective genetic

influences on EPs among the Nigerian adolescents in the present
study diminish as FC increases. This finding is also consistent with
a previous phenotypic finding in which early childhood adversities
were significantly associated with lower resilience and self-esteem
among Nigerian adolescents (Folayan et al., 2020). Similarly, an
animal study showed that early-life environmental stress among
rats was epigenetically associated with diminished resilience
(Meaney & Szyf, 2005). Thus, in a non-Western setting like
Nigeria, diminished genetic resilience may be more salient than
increased genetic risk for understanding the role of gene-environ-
ment interactions in the etiology of mental health difficulties.
However, this interaction needs to be specifically investigated
using measured genetic influences (such as polygenic scores) for
EP and measured environments such as FC. Furthermore, our
finding of stronger non-shared environmental influences on EPs
with increasing FC is consistent with the kindling effect in depres-
sion. This phenomenon describes an environment-environment
interaction whereby repeated stressful life events increase sensitiv-
ity to the psychopathogenic effects of subsequent stressful events
(Kendler et al., 2000). Thus, in addition to being genetically corre-
lated with EPs, chaotic family environments may further confer
risk by attenuating protective genetic processes and increasing sen-
sitivity to non-genetic risk influences.

Limitations

While the present study adds to the limited understanding of
genetic and non-genetic influences on the mental health of chil-
dren and adolescents in a non-Western setting such as Nigeria,
the following limitations should be considered in interpreting
our results.

Firstly, the classical twin design estimates genetic and environ-
mental influences as latent constructs which means that further
research is needed to identify specific genetic and environmental
risk and protective influences which can then be targeted for later
screening or intervention efforts. Furthermore, the variance com-
ponents are population-based estimates which are time- and pop-
ulation-specific and may not provide information about
individual-level processes (Bronfenbrenner & Ceci, 1994).
However, findings from twin studies can help inform phenotypes
and etiological mechanisms to prioritize in other genetic and epi-
demiological studies. Concerns have also been raised about the
impacts of violating the underlying assumptions of the classical
twin design but have been shown not to significantly impact on
the derived estimates (Rijsdijk & Sham, 2002).

Although we estimated genetic and environmental compo-
nents, the cross-sectional design of the present study limits the
inference of causation. Such causal effects will be better estimated
using longitudinal designs which can also be used to investigate
how genetic and environmental risk and protective influences
on childhood mental health change during development.
Related to this, although adolescence is a critical developmental
period (Lupien et al., 2009), early childhood may even be more
critical as the developing neurobiological processes are relatively
less developed and may be more vulnerable to the psychopatho-
genic impacts of environmental insults (Heim & Binder, 2012;
Lupien et al., 2009).

We used the Adaptability scale of the FACES III to assess FC
(i.e., unstable family structures and routines) and it may be argued
that some of its items do not necessarily appear negative. However,
the items of this scale are more likely to reflect instability in
Nigerian families wherein children are expected to be submissive
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to the adults; and failure to conform to these roles are punished by
parents without negotiation with the children (Ajayi & Owumi,
2013; Ogunola, 2018). Furthermore, several items from this scale
load on the Chaos subscale of the FACES IV questionnaire
(Martínez-Pampliega et al., 2017). It has also been suggested that
FC in a high-income setting may not reflect the same construct in
low- and middle-income settings, with families in both settings
being typically nuclear and extended respectively (Ajayi &
Owumi, 2013; Alabi & Olonade, 2022). However, a trend towards
nuclear family structures has been increasingly noted in the last
two decades (Rotimi, 2005) and this is more so in cities such as
Lagos, Nigeria (Alabi & Olonade, 2022), where the present study
was carried out. This trend may in turn suggest that the FACES III
assessed construct of FC in the present sample is similar to that in
high-income countries. However, the equivalence of the FC con-
struct as assessed by the FACES III in high- versus low- and
middle-income settings needs to be specifically tested in future
studies.

Finally, although we detected statistically significant effects, the
wide confidence intervals suggest the possibility that some of the
non-significant effects may reflect low power and the need for
larger samples in future studies examining similar relationships
in Nigeria.

Future Directions

Our study highlights the need for more genetically informative
mental health studies in non-Western settings. In the short term,
the roles of specific protective genetic factors can be further tested
by investigating genetic correlations between childhood EPs and
intrinsic (e.g., self-esteem and resilience) and extrinsic protective
factors (e.g., parental warmth and supportive home environments;
(Bowes et al., 2013) using the classical twin design. Such models
can also be extended to investigate the moderation of these rela-
tionships by childhood stresses including chaotic home
environments.

In the longer term, future studies could utilize longitudinal twin
family designs incorporating twins recruited during earlier child-
hood, and other family members such as parents and siblings. This
can allow the assessment of the roles of specific risk and protective
factors on mental health risk through development. The incorpo-
ration of non-twin family members will also allow adjustment for
violations of the assumptions of the classical twin design, and the
derivation of less biased estimates of genetic and environmental
influences. The longitudinal design will also allow for the investi-
gation of causal mechanisms and genetic/environmental
influences on these and changes over time.

Conclusions

Our findings provide evidence for gene-environment interplays for
EPs for the first time among adolescents in Nigeria – a Low-/
Middle-Income country. We demonstrated significant genetic
overlap between FC and EPs among the participants.
Furthermore, we found that FC can increase the likelihood of
EPs among Nigerian adolescents through diminished protective
genetic influences and increased sensitivity to adverse effects of
non-shared environmental risk influences. The need for replica-
tion is also emphasized given the dearth of genetically informative
studies in Low- and Middle-Income countries.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/S0954579422000943

Acknowledgements. This research is in part funded by Ulster Institute for
Social Research, UK. We are grateful to twins and their teachers in public
schools in Lagos State, Nigeria for their participation in this study.

Conflicts of interest. None.

References

Ajayi, J. O., & Owumi, B. (2013). Socialization and child rearing practices
among nigerian ethnic groups. Academic Journal of Interdisciplinary
Studies, 2(2), 249–256. https://doi.org/10.5901/ajis.2013.v2n2p249

Alabi, O. J., & Olonade, O. Y. (2022). Complexities, dynamism, and changes in
the Nigerian contemporary family structure. In In families in Nigeria:
Understanding their diversity, adaptability, and strengths. Emerald
Publishing Limited.

Bowes, L., Maughan, B., Ball, H., Shakoor, S., Ouellet-Morin, I., Caspi, A.,
Moffitt, T. E., & Arseneault, L. (2013). Chronic bullying victimization
across school transitions: the role of genetic and environmental influences.
Development and Psychopathology, 25(2), 333–346. https://doi.org/10.1017/
S0954579412001095

Bronfenbrenner, U., & Ceci, S. J. (1994). Nature-nuture reconceptualized in
developmental perspective: A bioecological model. Psychological Review,
101(4), 568. https://doi.org/10.1037/0033-295X.101.4.568

Cortina, M. A., Sodha, A., Fazel, M., & Ramchandani, P. G. (2012).
Prevalence of child mental health problems in sub-Saharan Africa: A system-
atic review. Archives of Pediatrics and Adolescent Medicine, 166(3), 276–281.
https://doi.org/10.1001/archpediatrics.2011.592

de Vries, L. P., van Beijsterveldt, T. C., Maes, H., Colodro-Conde, L., &
Bartels, M. (2021). Genetic influences on the covariance and genetic corre-
lations in a bivariate twin model: An application to well-being. Behavior
Genetics, 51(3), 191–203. https://doi.org/10.1007/s10519-021-10046-y

Dick, D. M. (2011). Gene-environment interaction in psychological traits and
disorders. Annual Review of Clinical Psychology, 7, 383–409. https://doi.org/
10.1146/annurev-clinpsy-032210-104518

Fogelman, N., & Canli, T. (2019). Early life stress, physiology, and genetics:
A review. Frontiers in Psychology, 10, 1668. https://doi.org/10.3389/fpsyg.
2019.01668

Folayan, M. O., Oginni, O., Arowolo, O., & El Tantawi, M. (2020). Internal
consistency and correlation of the adverse childhood experiences, bully vic-
timization, self-esteem, resilience, and social support scales in Nigerian chil-
dren. BMC Research Notes, 13(1), 1–6. https://doi.org/10.1186/s13104-020-
05174-3

Goodman, R. (1997). The Strengths and Difficulties Questionnaire: A research
note. Journal of Child Psychology and Psychiatry, 38(5), 581–586. https://doi.
org/10.1111/j.1469-7610.1997.tb01545.x

Goodman, R., Ford, T., Corbin, T., & Meltzer, H. (2004). Using the Strengths
and Difficulties Questionnaire (SDQ) multi-informant algorithm to screen
looked-after children for psychiatric disorders. European Child &
Adolescent Psychiatry, 13(2), ii25–ii31. https://doi.org/10.1007/s00787-004-
2005-3

Heim, C., & Binder, E. B. (2012). Current research trends in early life stress and
depression: Review of human studies on sensitive periods, gene-environment
interactions, and epigenetics. Experimental Neurology, 233(1), 102–111.
https://doi.org/10.1016/j.expneurol.2011.10.032

Howard, D. M., Adams, M. J., Clarke, T.-K., Hafferty, J. D., Gibson, J.,
Shirali, M., Coleman, J. R. I., Hagenaars, S. P., Ward, J., Wigmore, E. M.,
Alloza, C., Shen, X., Barbu, M. C., Xu, E. Y., Whalley, H. C., Marioni, R.
E., Porteous, D. J., Davies, G., Deary, I. J., : : :Wigmore, E. M. (2019).
Genome-wide meta-analysis of depression identifies 102 independent variants
and highlights the importance of the prefrontal brain regions. Nature
Neuroscience, 22(3), 343–352, https://doi.org/10.1038/s41593-018-0326-7,

Hur, Y-M., Taylor, J., Jeong, H-U., Park, M-S., & Haberstick, B. C. (2017).
Perceived family cohesion moderates environmental influences on prosocial
behavior in Nigerian adolescent twins. Twin Research and Human Genetics,
20(3), 226–235. https://doi.org/10.1017/thg.2017.15

Hur, Y.-M., Jeong, H.-U., Kang, M. C., Ajose, F., Kim, J. W., Beck, J. J.,
Hottenga, J.-J., Mbarek, H., Finnicum, C. T., Ehli, E. A., Martin, N. G.,
Geus, E. J., Boomsma, D. I., Davies, G. E., & Bates, T. (2019). The

6 Olakunle A. Oginni et al.

https://doi.org/10.1017/S0954579422000943 Published online by Cambridge University Press

https://doi.org/10.1017/S0954579422000943
https://doi.org/10.5901/ajis.2013.v2n2p249
https://doi.org/https://doi.org/10.1017/S0954579412001095
https://doi.org/https://doi.org/10.1017/S0954579412001095
https://doi.org/10.1037/0033-295X.101.4.568
https://doi.org/10.1001/archpediatrics.2011.592
https://doi.org/10.1007/s10519-021-10046-y
https://doi.org/10.1146/annurev-clinpsy-032210-104518
https://doi.org/10.1146/annurev-clinpsy-032210-104518
https://doi.org/10.3389/fpsyg.2019.01668
https://doi.org/10.3389/fpsyg.2019.01668
https://doi.org/10.1186/s13104-020-05174-3
https://doi.org/10.1186/s13104-020-05174-3
https://doi.org/10.1111/j.1469-7610.1997.tb01545.x
https://doi.org/10.1111/j.1469-7610.1997.tb01545.x
https://doi.org/10.1007/s00787-004-2005-3
https://doi.org/10.1007/s00787-004-2005-3
https://doi.org/10.1016/j.expneurol.2011.10.032
https://doi.org/10.1038/s41593-018-0326-7
https://doi.org/https://doi.org/10.1017/thg.2017.15
https://doi.org/10.1017/S0954579422000943


Nigerian twin and sibling registry: An update. Twin Research and Human
Genetics, 22(6), 637–640. https://doi.org/10.1017/thg.2019.110

Hur, Y.-M., Kim, J. W., Chung, K. W., Shin, J. S., Jeong, H.-U., & Auta, E.
(2013). The Nigerian twin and sibling registry. Twin Research and Human
Genetics, 16(1), 282–284. https://doi.org/10.1017/thg.2019.110

Kendler, K. S., Gardner, C. O., & Prescott, C. A. (2002). Toward a compre-
hensive developmental model for major depression in women. American
Journal of Psychiatry, 159(7), 1133–1145. https://doi.org/10.1176/appi.ajp.
159.7.1133

Kendler, K. S., Thornton, L. M., & Gardner, C. O. (2000). Stressful life events
and previous episodes in the etiology of major depression in women: An
evaluation of the, kindling. hypothesis American Journal of Psychiatry,
157(8), 1243–1251. https://doi.org/10.1176/appi.ajp.157.8.1243

Loehlin, J. C. (1996). The Cholesky approach: A cautionary note. Behavior
Genetics, 26(1), 65–69.

Lupien, S. J., McEwen, B. S., Gunnar,M. R., &Heim, C. (2009). Effects of stress
throughout the lifespan on the brain, behaviour and cognition.Nature Reviews
Neuroscience, 10(6), 434–445. https://doi.org/10.1038/nrn2639

MacGillivray, I. (1986). Epidemiology of twin pregnancy. Seminars in
Perinatology, 10, 4-8.

Manuck, S. B., & McCaffery, J. M. (2014). Gene-environment interaction.
Annual Review of Psychology, 65, 41–70. https://doi.org/10.1146/annurev-
psych-010213-115100

Marsh, R., Salika, T., Crozier, S., Robinson, S., Cooper, C., Godfrey, K.,
Inskip, H., Baird, J., & SWS Study Group (2019). The association between
crowding within households and behavioural problems in children:
Longitudinal data from the Southampton Women's Survey. Paediatric &
Perinatal Epidemiology, 33(3), 195–203. https://doi.org/10.1111/ppe.12550

Martínez-Pampliega, A., Merino, L., Iriarte, L., & Olson, D. H. (2017).
Psychometric properties of the Spanish version of the Family Adaptability
and Cohesion Evaluation Scale IV. Psicothema, 29(3), 414–420. https://
doi.org/10.7334/psicothema2016.21

McGue,M., & Bouchard, T. J. (1984). Adjustment of twin data for the effects of
age and sex. Behavior Genetics, 14(4), 325–343. https://doi.org/10.1007/
BF01080045

Meaney, M. J., & Szyf, M. (2005). Environmental programming of stress
responses throughDNAmethylation: Life at the interface between a dynamic
environment and a fixed genome. Dialogues in Clinical Neuroscience, 7(2),
103. https://doi.org/10.31887/DCNS.2005.7.2/mmeaney

Neale, M. C., Hunter, M. D., Pritikin, J. N., Zahery, M., Brick, T. R.,
Kirkpatrick, R. M., Estabrook, R., Bates, T. C., Maes, H. H., & Boker, S.
M. (2016). OpenMx2.0: Extended structural equation and statisticalmodeling.
Psychometrika, 81(2), 535–549. https://doi.org/10.1007/s11336-014-9435-8

Nikolas, M., Klump, K. L., & Burt, S. A. (2012). Youth appraisals of inter-
parental conflict and genetic and environmental contributions to atten-
tion-deficit hyperactivity disorder: Examination of GxE effects in a twin sam-
ple. Journal of Abnormal Child Psychology, 40, 543–554. https://doi.org/10.
1007/s10802-011-9583-6

Ogunola, A. (2018). Socialization and the Nigerian child: Context and implica-
tions. East African Scholars Journal of Education, Humanities and Literature,
1(1), 40–46. https://doi.org/10.36349/easjehl.2018.v01i01.006

Oladeji, B. D.,Makanjuola, V. A., &Gureje, O. (2010). Family-related adverse
childhood experiences as risk factors for psychiatric disorders in Nigeria. The
British Journal of Psychiatry, 196(3), 186–191. https://doi.org/10.1192/bjp.
bp.109.063677

Olson, D. H. (1986). Circumplex model VII: Validation studies and FACES III.
Family Process, 25(3), 337–351. https://doi.org/10.1111/j.1545-5300.1986.
00337.x

Owen, J. P., Baig, B., Abbo, C., &Baheretibeb, Y. (2016). Child and adolescent
mental health in sub-Saharan Africa: A perspective from clinicians and
researchers. BJPsych International, 13(2), 45–47. https://doi.org/10.1192/
s2056474000001136

Pennington, B. F., McGrath, L. M., Rosenberg, J., Barnard, H., Smith, S. D.,
Willcutt, E. G,. & Olson, R. K. (2009). Gene X environment interactions
in reading disability and attention-deficit/hyperactivity disorder.
Developmental Psychology, 45, 77–89.

Place, M., Hulsmeier, J., Brownrigg, A., & Soulsby, A. (2005). The Family
Adaptability and Cohesion Evaluation Scale (FACES): An instrument wor-
thy of rehabilitation? Psychiatric Bulletin, 29(6), 215–218.

Plomin, R., DeFries, J. C., & Loehlin, J. C. (1977). Genotype-environment
interaction and correlation in the analysis of human behavior.
Psychological Bulletin, 84(2), 309–322.

Polderman, T. J., Benyamin, B., De Leeuw, C. A., Sullivan, P. F., Van
Bochoven, A., Visscher, P. M., & Posthuma, D. (2015). Meta-analysis of
the heritability of human traits based on fifty years of twin studies.
Nature Genetics, 47(7), 702–709. https://doi.org/10.1038/ng.3285

Purcell, S. (2002). Variance components models for gene-environment
interaction in twin analysis. Twin Research and Human Genetics, 5(6),
554–571. https://doi.org/10.1375/136905202762342026

Quinn, P. D., & D’Onofrio, B. M. (2020). Nature versus nurture. In
J. B. Benson (Ed.), Encyclopedia of infant and early childhood development
(2nd ed.). Elsevier.

Rijsdijk, F. V., & Sham, P. C. (2002). Analytic approaches to twin data using
structural equation models. Briefings in Bioinformatics, 3(2), 119–133.
https://doi.org/10.1093/bib/3.2.119

Rotimi, A. (2005). Paradox of “progress”: The role of western education in the
transformation of the family in Nigeria. The Anthropologist, 7, 137–147.
https://doi.org/10.1080/09720073.2005.11890894

Stone, L. L., Otten, R., Engels, R. C., Vermulst, A. A., & Janssens, J.M. (2010).
Psychometric properties of the parent and teacher versions of the strengths
and difficulties questionnaire for 4-to 12-year-olds: A review. Clinical Child
and Family Psychology Review, 13(3), 254–274. https://doi.org/10.1007/
s10567-010-0071-2

Tucci, S., & Akey, J. M. (2019). The long walk to African genomics. Genome
Biology, 20(1), 1–3. https://doi.org/10.1186/s13059-019-1740-1

United Nations, Department of Economic and Social Affairs (2017). World
population prospects: the 2017 revision, key findings and advance tables
(Working Paper No. ESA/P/WP/248).

Van der Sluis, S., Posthuma, D., & Dolan, C. V. (2012). A note on false
positives and power in G× E modelling of twin data. Behavior Genetics,
42(1), 170–186. https://doi.org/10.1007/s10519-011-9480-3

Vogels, A. G., Crone, M. R., Hoekstra, F., & Reijneveld, S. A. (2009).
Comparing three short questionnaires to detect psychosocial dysfunction
among primary school children: A randomized method. BMC Public
Health, 9(1), 489. https://doi.org/10.1186/1471-2458-9-489

Weisner, T. S. (2010). Well-being, chaos, and culture: Sustaining a meaningful
daily routine. In G. W. Evans, & T. D. Wachs (Eds.), Chaos and its influence
on children’s development: An ecological perspective (pp. 211–224). American
Psychological Association. https://doi.org/10.1037/12057-013

Wilkinson, P. O., Trzaskowski, M., Haworth, C.M., & Eley, T. C. (2013). The
role of gene-environment correlations and interactions in middle childhood
depressive symptoms. Development and Psychopathology, 25(1), 93–104.
https://doi.org/10.1017/S0954579412000922

World Health Organization (2017).Depression and other common mental dis-
orders: Global health estimates. https://www.who.int/publications/i/item/
depression-global-health-estimates

Development and Psychopathology 7

https://doi.org/10.1017/S0954579422000943 Published online by Cambridge University Press

https://doi.org/10.1017/thg.2019.110
https://doi.org/10.1017/thg.2019.110
https://doi.org/10.1176/appi.ajp.159.7.1133
https://doi.org/10.1176/appi.ajp.159.7.1133
https://doi.org/10.1176/appi.ajp.157.8.1243
https://doi.org/10.1038/nrn2639
https://doi.org/10.1146/annurev-psych-010213-115100
https://doi.org/10.1146/annurev-psych-010213-115100
https://doi.org/https://doi.org/10.1111/ppe.12550
https://doi.org/10.7334/psicothema2016.21
https://doi.org/10.7334/psicothema2016.21
https://doi.org/10.1007/BF01080045
https://doi.org/10.1007/BF01080045
https://doi.org/10.31887/DCNS.2005.7.2/mmeaney
https://doi.org/10.1007/s11336-014-9435-8
https://doi.org/10.1007/s10802-011-9583-6
https://doi.org/10.1007/s10802-011-9583-6
https://doi.org/10.36349/easjehl.2018.v01i01.006
https://doi.org/10.1192/bjp.bp.109.063677
https://doi.org/10.1192/bjp.bp.109.063677
https://doi.org/10.1111/j.1545-5300.1986.00337.x
https://doi.org/10.1111/j.1545-5300.1986.00337.x
https://doi.org/10.1192/s2056474000001136
https://doi.org/10.1192/s2056474000001136
https://doi.org/10.1038/ng.3285
https://doi.org/10.1375/136905202762342026
https://doi.org/10.1093/bib/3.2.119
https://doi.org/10.1080/09720073.2005.11890894
https://doi.org/10.1007/s10567-010-0071-2
https://doi.org/10.1007/s10567-010-0071-2
https://doi.org/10.1186/s13059-019-1740-1
https://doi.org/10.1007/s10519-011-9480-3
https://doi.org/10.1186/1471-2458-9-489
https://doi.org/10.1037/12057-013
https://doi.org/10.1017/S0954579412000922
https://www.who.int/publications/i/item/depression-global-health-estimates
https://www.who.int/publications/i/item/depression-global-health-estimates
https://doi.org/10.1017/S0954579422000943

	Gene-environment interplays between family chaos and emotional problems among Nigerian adolescents: A twin study
	Introduction
	Method
	Sample
	Measures
	EPs
	FC

	Statistical analysis

	Results
	Descriptive statistics
	Phenotypic correlations
	Bivariate Cholesky model fitting
	Moderation analyses

	Discussion
	Limitations
	Future Directions

	Conclusions
	References


