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surement. This study investigated the relation between cumulative risk factors during the early life course and
subsequent academic achievement in a cohort of children and adolescents. Data for this study were based on reg-
istry-data material from the LIFECOURSE study of 1151 children from the 2000 birth cohort in Reykjavik, Iceland,
assembled in 2014-2016. Multiple lifetime risk factors, including maternal smoking during pregnancy, parent's

iiﬁg:ﬁi achievement disability status, being born to a young mother, number of children in the household, family income, number

Adolescents of visits to school nurses, and reports of maltreatment, were assessed. Latent class analysis and Analysis of Covari-

Cumulative health risk ance (ANCOVA) were used to predict academic achievement in the 4th and 7th grades. Individuals with no risk

Iceland factors reported the highest average academic achievement in the 4th (M = 66 points, SD = 17) and 7th grades

E};maw prevention (M = 67 points, SD = 15). There was a significant main effect for 4th-grade risk factors and academic achieve-
11e course

ment (F[7,1146] = 12.06, p <0.001) and a similar relationship between the risk factor profile and achievement
scores in 7th grade (F[7, 1146] = 15.08, p < 0.001). Each additional risk factor was associated with a drop in ac-
ademic achievement at both grade levels. We conclude that academic achievement declines in proportion to the

number of risk factors in early life.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

During the last three decades studies have consistently shown that
exposure to early-life risk factors, such as family disruption, maltreat-
ment, and poverty, can negatively impact children's scholastic abilities
and academic achievement (Gutman et al., 2002; Prelow and Loukas,
2003; Fantuzzo et al., 2010). Poor academic achievement can lead
both parents and teachers to lower expectations of students’ academic
performance, which in turn can discourage children's further academic
success (Entwisle, 1995). Moreover, poor academic performance during
childhood and adolescence can increase the risks of a life course trajec-
tory that can lead to antisocial behaviors, health-compromising
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behaviors, and greater odds of incarceration (Hirschi, 1969;
Yoshikawa, 1995; McKinsey and Company, 2009).

There is growing evidence that the accumulation of only a few risk
factors can contribute to poor adolescent outcomes. For example, a
study of psychiatric disorders in children 10 years of age in the United
Kingdom found that a single risk factor did not significantly increase
the overall risk of developing a psychiatric disorder, but that two or
more risk factors increased the risk for a psychiatric disorder fourfold
(Rutter, 1979). Similarly, the Rochester Longitudinal Study revealed
that the number of risk factors was related to concurrent behavior prob-
lems in school (Sameroff et al., 1987a), as well as mental health prob-
lems and lower academic outcomes (Sameroff et al.,, 1998). More
recent studies have replicated the effect of multiple risk factors on var-
ious outcomes such as delinquency (Lanza et al., 2014), maltreatment
(MacKenzie et al., 2011), and juvenile court petitions (Smokowski et
al., 2004). Generally, these studies support the notion that the effects
of the accumulation of risk factors exceed the effects of any single factor.

0091-7435/© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Several studies have focused specifically on the impact of multiple
risk factors on academic achievement. In a study among 7th-grade Afri-
can American students, a high number of risk factors was associated
with school absenteeism, lower mathematics test scores, and lower
Grade Point Average (GPA) (Gutman et al., 2002) Similarly, another
study showed that living in a single-parent household, maternal psy-
chological distress, maternal education level, perceived financial strain,
and neighborhood problems, were predictive of lower mathematics
achievement scores as well as behavioral problems in a group of 10—
14 year old economically disadvantaged Latino youth (Prelow and
Loukas, 2003). A particularly noteworthy finding was that worse out-
comes were associated with five risk factors and not with four or less
risk factors.

While these findings highlight the cumulative impact of multiple
risk factors on academic achievement and related outcomes, much of
the research on multiple risk factors across the early life course and ac-
ademic achievement has relied on cross-sectional designs with retro-
spective measurement and limited causal inference. Our study
extends previous work in three major ways. First, we utilized compre-
hensive data from national government registry sources. Second, we
employed a cohort design that allowed us to look at risk in relation to
outcomes longitudinally, from pre-birth through the age of 13. Third,
we employ a person-centered analytic approach to the data (Lanza et
al.,, 2011) instead of the more commonly employed variable-centered
methods that have been used to investigate the relationship between
variables and to examine processes mutual to a group of people
(Laursen and Hoff, 2006). Thus, the overarching goal of the present
study was to address two questions: 1) Does increased number of risk
factors across the early life course lead to lower academic achievement
in 4th and 7th grade?; and 2) Does the risk-factor profile produce dis-
tinct underlying classes of participants that reveal different academic
outcomes?

2. Method

This report is based on registry data from a 5-year cohort study being
conducted by the Icelandic Center for Social Research and Analysis at
Reykjavik University. Registry data were assembled in years 2014-
2016. The data registries from which the data are derived include the
Icelandic Primary Health Care Clinics, the Reykjavik Child Protection
Agency (CPA), the Icelandic Directorate for Health (equivalent to the
Surgeon General in the US and which oversees the entire health registry
system in Iceland), the Statistical Bureau of Iceland, and the Educational
Testing Institute of Iceland. The study was approved by the National Bio-
ethics Committee of Iceland.

2.1. Sample and procedure

The sample comprised all 1151 adolescents (49% female) that were
born and residing in the City of Reykjavik, the capital of Iceland, in the
year 2000, and is derived from registry data that were made available
for the study. Thus, for purposes of the present analysis, the study design
is a registry-based, retrospective cohort study with children born and
residing in Reykjavik in the year 2000. No prospective data were collect-
ed. The analyses examined all available data that had been collected
over the period from the pregnancy of each participant's mother,
through to the 7th grade (13 years) of the study participants.

2.2. Measures

Risk-factor variables and criteria of risk and non-risk were selected
to be comparable to those used in other similar studies (Gutman et al.,
2002; Prelow and Loukas, 2003; Fantuzzo et al., 2010; Entwisle, 1995;
Hirschi, 1969; Yoshikawa, 1995; McKinsey and Company, 2009;
Rutter, 1979; Sameroff et al.,, 1987a).

2.2.1. Prenatal information

The Primary Health Care Clinics of Iceland provided data with prena-
tal information. In Iceland, each expectant mother visits a national
healthcare center for regular examinations where data on various men-
tal and physical health and behaviors are collected. The following mea-
sures were abstracted for use in the current analyses:

Smoking status during pregnancy. During the first trimester mothers
are screened for smoking status. Assigned codes were 1 = yes,
smoker, and 0 = no, previous, or never smoker at the time of birth.

Mother's age. Participants of young mothers at the time of birth
(age < 19) were identified in the risk category.

Number of children in the household. Participants of families with
three or more children at the time of birth were identified in the
risk category.

2.2.2. School health information

For health and well-being of school children, data were abstracted
from the Primary Health Care Clinics, which oversee the work of school
nurses in Iceland who routinely conduct health examinations on chil-
dren at the age of six, nine, and 12 years, in addition to being available
to children in case of need.

Visits to school nurses. Participants that scored in the top 85th per-
centile in number of visits were defined as belonging in the risk cat-
egory (13 visits + for 4th-grade students, 17 + visits for 7th-grade
students).

Emotional well-being in school. During visits to school nurses in 4th
grade children are screened for their emotional well-being at school
for the current year (i.e., “How do you generally feel at school?”).
Feeling bad at school were classified in the risk category.

2.2.3. Child maltreatment

Maltreatment data were abstracted from the records of the
Reykjavik Child Protection Agency (CPA). Given that initial reporting
of children to the CPA does usually not entail a need for intervention
and that most case files are closed after a brief inspection, we defined
maltreatment as 2 + reports in the CPA database from the age of 0-
13 years.

2.2.4. Statistical bureau data

The Statistical Bureau of Iceland is the center for official statistics in
Iceland. For the current analysis, the databank provided the following
information:

Income. Income in the bottom 15th percentile (in Icelandic Kronur)
when each participant was born and/or when he/she was 10 and 13
years of age was defined as a risk factor (14% at birth, at 10 and 13
years old).

Marital status. If parents were not married or in registered domestic
partnership at the time of each participant's birth and/or when he/
she was 10 and 13 years old it was coded as a risk factor.

Disability status. If either parent were registered as disabled at time
of each participant's birth and/or when he/she was 10 and 13 years
old it was defined as a risk factor.

2.2.5. Academic achievement

Data were assembled from the Educational Testing Institute, which
oversees the universal standardized comparison exams for the national
school system in Iceland. Every student in Iceland sits through
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standardized test in the Icelandic language and in mathematics in 4th
and 7th grade. The purpose of the standardized exams is to determine
whether students are meeting the national curriculum proficiency ob-
jectives. The grades of participants in the present study were normally
distributed on a scale of 0-60, with an average score of 30 and a stan-
dard deviation of 10. For the purposes of our analyses, we created an ac-
ademic achievement score by collapsing the test scores in Icelandic and
Mathematics within 4th and 7th grades respectively (r = 0.62 for 4th
graders and r = 0.67 for 7th graders).

Completion rates for registry data ranged from 86.8% to 100% with
the exception of emotional well-being in school which had a completion
rate of 64.3%.

2.3. Data analyses

Consistent with previous studies (Gutman et al., 2002; Sameroff et
al., 1987b), each of the variables described above was transformed
into a dichotomous variable and then summed into a cumulative risk
scale. This approach was selected in order to explore the quantity of
risk rather than assessing relative individual risk. For contextual under-
standing, the bivariate interrelations between risk factors and the out-
comes are presented in Table 1.

For all the variables, participants were coded with 0 if no risk was
present and with 1 if risk was present (e.g., age of mother was under
19 = 1; age of mother was over 19 = 0). In the case of continuous var-
iables where objective categorical definitions of risk were not available,
the presence of risk was defined according to either the lowest 15% or
top 15% of the sample.

Separate risk variables were computed for 4th-grade and 7th-grade
students; with 12 dichotomous indicators (maternal smoking, 2 + CPA
reports, young mother, number of children in family, emotional well-
being in school, parents marital status at birth and during grades 4/7,
visits to school nurses in grades 1 to 4/1 to 7, family income at birth,
family income at the age of 10/13, parent disability status at birth, par-
ent disability status in 2010/2013). The risk index was then analyzed
with ANCOVA and linear regression controlling for gender, using SPSS
version 22. Missing data were handled with the automatic multiple im-
putation function of fully conditional specification. We independently
analyzed 5 copies of the data, each with missing values suitably imput-
ed. Imputations were conducted on all risk factors and outcome vari-
ables. For comparative purposes, we ran our analyses both with and
without imputed missing data. The comparative analysis did not yield

Table 1
Descriptive statistics for all study variables, LIFECOURSE study of children in Reykjavik,
Iceland.

Means (SD) Range n risk (%)
Risk variables
Maltreatment records 0.33(0.71) 0-3 109 (9.5)
Visits to school nurse 10.70 (15.30) 1-192 161 (14.0)
Emotional well-being at school 1.86 (0.42) 0-2 32(1.5)
Maternal smoking 0.32 (0.58) 0-2 227 (15.2)
Number of children 0.92 (0.94) 0-5 72 (5.8)
Average age of mother 29.16 (5.56) 16-45 54 (4.5)
Income in ISK (at birth) 3480 (3236)" 0-52,440% 173 (14)
Income in ISK (4th grade) 8793 (6171)* 0-80,919* 173 (14)
Income in ISK (7th grade) 11,252 (9971)* 0-172,022? 173 (14)
Marital status (at birth) 1.65 (0.48) 1-2 405 (34.5)
Marital status (4th grade) 1.71 (0.46) 1-2 339 (29.0)
Marital status (7th grade) 1.69 (0.46) 1-2 353 (30.0)
Disability status (at birth) 0.04 (0.19) 0-2 42 (2.7)
Disability status (4th grade) 0.10 (0.32) 0-2 109 (7.3)
Disability status (7th grade) 0.15 (0.39) 0-2 160 (11.4)
Achievement variables
4th grade 61.45 (19.06) 10-119 NA
7th grade 61.31 (19.00) 3-114 NA

2 Numbers reported in thousands.

markedly different results; thus, our reported results include findings
based on the imputed values for missing data.

Latent class analysis (LCA) using the poLCA software package in SPSS
was used to assess the underlying risk factor profile of students in 7th
grade given number of risk factors produced from the registry data.
We concluded our analyses by employing ANOVA on the relationship
between the latent classes and academic achievement. All aspects of
this reporting are consistent with the STROBE statement reporting re-
quirements for observational studies in epidemiology.

3. Results

On average, at the age of 10, participants had been exposed to one
and a half risk factor during the course of their life (M = 1.52, SD =
1.50), with 32.4% of participants having no risk factor at that age, and
0.3% of participants accumulating seven risk factors over their life
course. At 13 years, the average risk factor profile was similar, one and
a half per individual participant (M = 1.53, SD = 1.52), with 32.0% of
participants having no risk factor at this age, and 0.4% of the participants
accumulating seven risk factors during their lifetime. No gender differ-
ences were found in the number of reported risk factors at either age.
Means and standard deviations for risk factors and outcome variables
are presented in Table 1.

Table 2 presents a Spearman's rho rank correlation matrix for all risk
factor and outcome variables in the study. As shown, most risk factors
were either relatively weekly or not at all correlated to the outcomes
(rho > 0.20). The inter-correlation between the risk factor variables
that were a part of the same model (4th or 7th grade respectively)
ranged from non-significant to the low .40s and was highest in the de-
mographic variables.

3.1. Multiple risk factor analysis

The multiple risk factor index shows the results from the ANCOVA
controlling for gender. The cumulative risk factor yielded a significant
main effect for 4th grade academic achievement (F [7, 1146] = 12.06,
p <0.001), and gender (F[1, 1146] = 4.76, p < 0.029); similar results
were found in the relationship between the risk factor profile and
achievement scores in 7th grade, (F[7, 1146] = 15.08, p < 0.001) and
for gender (F[1, 1146] = 14.79, p < 0.001).

As depicted in Fig. 1, each additional risk factor was associated with a
drop in grades at both ages. Individuals with zero risk factors reported
the highest average academic achievement scores in 4th grade (M =
66 points, SD = 17) and in 7th grade (M = 67 points, SD = 15). For
each risk factor the linear regression analyses revealed an average
drop of —3.24 and — 3.54 points on the academic achievement scale
in 4th and 7th grade, respectively (p < 0.001).

Additionally, to examine whether individuals with zero risk factors
differed from individuals with at least one risk factor, we employed
the Bonferroni post hoc test on all possible group comparisons. A signif-
icant difference was found between zero risk factors and all combina-
tions of one or more additional risk factors in both 4th grade
(p<0.001) and in 7th grade (p < 0.001).

3.2. Latent class analysis

In identifying the optimal number of classes from our LCA we com-
pared models with 2-6 classes using the Bayesian Information Criterion
(BIC) and the Akaike Information Criterion (AIC) for model interpreta-
tion for the 7th grade data. The model which produced two risk classes
had the optimal fit compared to the models with 3-6 risk classes (G> =
208.10, df = 492, BIC = 3498.72, AIC = 6210.65). Table 2 includes the
proportional distribution to the high and low risk classes identified from
the LCA.

After examining the risk factor profile based on the class identifica-
tion we referred to Class 1 as high-risk and Class 2 as low-risk
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Table 2
Correlations between risk factor and outcome variables.
1. 2. 3. 4. 5. 6. 7. 8 9 10 11 12 13 14. 15 16 17 18
1. Academic 1
achievement 4th
grade
2. Academic 080" 1
achievement 7th
grade
3.2+ CPA —0200" —024" 1
4. Young mother —0.06" —0.08" 008" 1
5. Number of children —0.08"* —0.11"" 0.11" —0.06 1
6. Well-being in —0.10" —0.13"" 002 004 —004 1
school
7.Maternal smoking —0.14" —0.17"" 027" 017" 006" —001 1
8. Visit to school —0.11" —0.12" 009" 004 —002 004 010" 1
nurses in 4th grade
9. Visit to school -0.10" —0.11"" 0.09" 0.03 —0.01 0.04 0.10" 099" 1

nurses in 7th grade

10. Marital statusat ~ —0.12"  —0.11"" 013" 0.12"° —0.03 -0.01 021" 004 004 1
birth
11.Total income at ~ —0.09™ —005 004 0.07° 001 —0.04 002 —005 —0.04 040" 1
birth
12. Disability statusat —0.05 ~ —0.10 025 —0.02 007" 008" 0.14™ 007" 007" 006" —002 1
birth
13. Marital status —0.13" —0.14" 026" 0117 0.01 —0.04 017 003 003 035" 009" 004 1
2010
14. Total income 2010 —0.15 —0.13"* 0.12" 015" 002 002 014~ 000 —001 015" 013" 001 042" 1
15. Disability status ~~ —0.09"" —0.15"" 029" —0.02 006" 000 0.2 007° 006 005 —0.04 033" 012" —0.03 1
2010
16. Marital status —0.13" —0.14" 026" 008 002 —003 0157 001 001 0307 006° 003 083" 038" 0117 1
2013
17.Total income 2013 —0.11"" —0.13" 013" 0.14™ 004™ 000 016" —001 —001 017" 010" 005 037" 052 001 042" 1
18. Disability status ~ —0.15" —0.21"" 036" 002 006° 0040 0177 007° 006" 009" —003 030" 0.19™ 007" 0777 0177 008" 1
2013
* p<0.05.
** p<0.01.
* p<0.001.

participants. The high-risk class included around 26% of the sample.
Generally, it was more likely for study participants in the high-risk
class to encompass a greater probability for each risk factor than their
low-risk class counterparts. The high-risk class had significantly poorer
academic achievement in 7th grade (F[1, 1033] = 50.34, p < 0.001),
compared to the low-risk class (Table 3).
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Fig. 1. Number of risk factors and academic achievement scores in 4th and 7th grade,
LIFECOURSE study of children in Reykjavik, Iceland.

4. Discussion

Our results show that early life course exposure to an increased
number of risk factors predicted lower grades in both 4th and 7th
grades. A single risk factor significantly predicted lower achievement
scores. Our LCA resulted in two distinct classes: a high-risk and low-
risk class, with the high-risk class being more likely to be exposed to a
greater number of risk factors and subsequent poorer academic scores.

Table 3
Identification of classes and risk factor probability by class, LIFECOURSE Study of children
in Reykjavik, Iceland.

High risk (Class 1) %  Low risk (Class 2) %

Proportion of sample 26.1 73.9
Gender

Girls 479 49.5
Maltreatment

Yes 335 12
School nurse visits

85th percentile + 224 12.8
Maternal smoking during pregnancy

Yes 44.0 11.5
Number of children

>3 9.7 49
Age of mother

<19 121 1.5
Emotional well-being at school

Bad 43 16
Family income in 7th grade

15th percentile and below 46.2 2.9
Marital status in 7th grade

Not married 234 15.2
Disability status in 7th grade

Yes 343 6.6
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Children exposed to several risk factors have been shown to be more
likely to have a range of adverse developmental outcomes, such as
higher rates of emotional and behavioral disorders (e.g., delinquency,
drug and alcohol abuse), as well as educational underachievement
(Gortmaker et al., 1990; Roeser et al., 1998; Webster-Stratton and
Taylor, 2001), compared to those with few or no risk factors. Risk factors
that have been linked to poor academic achievement are relatively con-
sistent across studies. Multiple studies have concluded that greater
number of children in one family is a predictor of poorer academic
achievement for each of the children (Blake, 1989; Perez Sanchez et
al., 2013; Soni, 2013). Likewise, children born to young mothers have
been shown to be at increased risk for a range of unfavorable develop-
mental outcomes, including lower academic achievement scores
(Barratt, 1991; Levine et al., 2001; Woodward et al.,, 2001; Shaw et al,
2006). Other studies have assessed the relationship between maltreat-
ment and academic outcomes (Eckenrode et al., 1993; Eckenrode et
al.,, 1995; Brown et al., 1999; Coohey et al., 2011) and generally have
found that maltreated children had poorer results when compared to
children who had not experienced maltreatment.

The research is less consistent about the relationship between ma-
ternal smoking during pregnancy and childhood outcomes. In one re-
view (Huizink and Mulder, 2006), maternal smoking was shown to be
related to cognitive and neurobehavioral outcomes in children. On the
other hand, a quasi-experimental study based on all births in Sweden
between the years of 1983 and 1991 found that maternal smoking
was related to poorer academic achievement in children when compar-
ing unrelated individuals; however, when comparing siblings that were
differentially exposed to maternal smoking, the results also suggested
that maternal smoking did not lead to poorer academic achievement
relative to exposure (D'Onofrio et al., 2010). Moreover, studies
(Roeser et al., 1998) have shown that mental health problems negative-
ly impact academic outcomes; as many as one in five children in school
may have undiagnosed mental health problems (Puskar and Marie
Bernardo, 2007). Children who frequently visit the school nurse are
more likely to experience mental health problems and should be treated
as a high-risk group (Rogers and Reese, 1965; Whitaker, 1968;
Schneider et al., 1995).

Additionally, previous studies have been inconclusive as to whether
the negative impact of risk factors shows a threshold effect, i.e., whether
exposure to a certain number of risk factors must occur before change is
observed in the outcomes, or whether the severity of negative conse-
quences is additively related to the number of risk factors (Rutter,
1979; Appleyard et al., 2005). Our results suggest that each risk factor
that is accumulated over the early life course adds to the additive nega-
tive impact on academic achievement in both 4th and 7th grade. Thus,
exposure to a single risk factor over the early life course appears to re-
sult in poorer academic outcomes, as compared to no risk factors. Con-
sistent with the broader work showing the impact of adverse childhood
experiences on later well-being in adolescence (Balistreri and Alvira-
Hammond, 2016), our findings also indicate that any and all exposure
to risk factors appears to have impact on academic outcomes both in
4th and 7th grades, with that impact increasing additively with a greater
number of risk factors, irrespective of grade. These findings thus suggest
an onset of a pattern that may continue into adulthood (Forehand et al.,
1998).

Finally, two methodologic issues, one of measurement, the other an-
alytic, deserve comment. First, we used a binary approach to the coding
of risk (i.e., 0 = no-risk, 1 = risk), in our study. By dichotomizing our
measure of risk and using an arbitrary single cutoff value to designate
risk versus no risk, we may have used an overly simplistic measure for
our analytic purposes. From both theoretical and measurement per-
spectives, some risk variables may be inherently binary (e.g., maternal
smoking), in which case such simplification is clearly justified, while
other variables (e.g., number of visits to school nurses or emotional
well-being) could be measured as a continuous-scale variable. Thus,
while the approach we took constituted a necessary simplification, the

underlying relationships between risks, time, and outcome are far
more complex than our coding approach may imply. However, although
potentially there may be other options for operationalizing risk, we be-
lieve our approach nevertheless was valid for the purposes of this study.
Whatever approach is used, the concept of “risk” is best considered as
gradually increasing. Second, few studies have identified classes in the
area of multiple risk factors. However, in one study (Lanza et al.,
2011) the primary goal was to compare several variable-centered and
person-centered methods for modeling multiple risk factors. The au-
thors concluded that it is most valuable to use person-centered models
of analysis, such as LCA, to understand densities of prediction of multi-
ple risk factors. By using a person-centered model of analysis, we iden-
tified the groups of individuals who are at the highest risk for poor
outcomes later in life. This permitted us to show that the high-risk
class was more likely to have been exposed to a greater number of
risk factors. The risk factor with the highest probability in the high-
risk class was history of maltreatment. Other important risk factors in
the high-risk class were maternal smoking and emotional well-being
in school. There was less difference between the classes in other
variables.

4.1. Limitations

This study has several limitations. First, the results were derived
from retrospective registry-based data and thus precluded us from
collecting additional background and control variables for the analyses.
Second, our list of risk factors used in the analyses is not exhaustive and
is limited to those data obtained from the registry sources. For example,
it is possible that other covariates, such as biological composition (e.g.,
genetic factors), or chronic stress, would have had an impact on the
findings. Third, our coding approach for all risk-factor variables assumes
that all children exposed to any one risk factor were at an equal level of
risk for poor academic achievement outcome (a consistent and common
challenge for research in this area). Fourth, we did not have access to
data concerning younger siblings when assessing the number of siblings
in the household at the time of birth. As a result, this variable only in-
cludes those numbers as they pertain to older siblings. Finally, the co-
hort sample studied was limited to individuals born in the City of
Reykjavik.

5. Conclusions

Each risk factor that was accumulated over the early life course
served as an additive predictor of poor academic outcomes for children
in 4th and 7th grades. These findings point to the importance of early
identification of at-risk children and the need to provide adequate sup-
port for them, especially for children exposed to multiple risk factors
over the life course. Educational policy should emphasize for young
and future parents the importance of the developmental impact of cu-
mulative risk factors in the early life course of children, if they are to
grow into successful adults. Finally, future studies might benefit from
employing latent class analytic approaches to identify high-risk groups
and the major contributing factors to their risk standing, including edu-
cational outcomes.

Conflict of interest statement

Authors disclose no conflicts of interest.

Financial disclosure
No financial disclosures were reported by the authors of this paper.
Acknowledgements

This study was funded by the European Research Council (ERC-CoG-
2014-647860).



L.D. Ragnarsdottir et al. / Preventive Medicine 96 (2017) 3641 41

The authors wish to thank Dr. Christa Lilly, Assistant Professor of Bio-
statistics at West Virginia University School of Public Health, for her
consultation and helpful comments on some of the analyses in the
paper.

References

Appleyard, K., Egeland, B., van Dulmen, M.H.M,, Alan Sroufe, L., 2005. When more is not
better: the role of cumulative risk in child behavior outcomes. J. Child Psychol. Psychi-
atry 46 (3):235-245. http://dx.doi.org/10.1111/j.1469-7610.2004.00351.x.

Balistreri, K.S., Alvira-Hammond, M., 2016. Adverse childhood experiences, family func-
tioning and adolescent health and emotional well-being. Public Health 132, 72-78.

Barratt, M.S., 1991. School-age offspring of adolescent mothers: environments and out-
comes. Fam. Relat. 40 (4), 442-447.

Blake, J., 1989. Family Size and Achievement. University of California Press, Berkeley.

Brown, ., Cohen, P., Johnson, ].G., Smailes, E.M., 1999. Childhood abuse and neglect: spec-
ificity of effects on adolescent and young adult depression and suicidality. ]. Am. Acad.
Child Adolesc. Psychiatry 38 (12), 1490-1496.

Coohey, C.,, Renner, LM, Hua, L, Zhang, Y.J., Whitney, S.D., 2011. Academic achievement
despite child maltreatment: a longitudinal study. Child Abuse Negl. 35 (9):
688-699. http://dx.doi.org/10.1016/j.chiabu.2011.05.009.

D'Onofrio, B.M,, Singh, AL, Iliadou, A, et al., 2010. A quasi-experimental study of maternal
smoking during pregnancy and offspring academic achievement. Child Dev. 81 (1),
80-100.

Eckenrode, J., Laird, M., Doris, J., 1993. School performance and disciplinary problems
among abused and neglected children. Dev. Psychol. 29 (1), 53.

Eckenrode, J., Rowe, E., Laird, M., Brathwaite, ]., 1995. Mobility as a mediator of the effects
of child maltreatment on academic performance. Child Dev. 66 (4), 1130-1142.
Entwisle, D.R., 1995. The role of schools in sustaining early childhood program benefits.

Futur. Child. 5 (3), 133-144.

Fantuzzo, ]., LeBoeuf, W., Rouse, H., Chen, C.C,, 2010. Academic achievement of African-
American boys: a city-wide, community-based investigation of risk and resilience.
J. Sch. Psychol. 50 (5):559-759. http://dx.doi.org/10.1016/.jsp.2012.04.004.

Forehand, R., Biggar, H., Kotchick, B.A., 1998. Cumulative risk across family stressors:
short-and long-term effects for adolescents. J. Abnorm. Child Psychol. 26 (2),
119-128.

Gortmaker, S.L., Walker, D.K., Weitzman, M., Sobol, A.M., 1990. Chronic conditions, socio-
economic risks, and behavioral problems in children and adolescents. Pediatrics 85
(3), 267-276.

Gutman, L.M., Sameroff, AJ., Eccles, ].S., 2002. The academic achievement of African Amer-
ican students during early adolescence: an examination of multiple risk, promotive,
and protective factors. Am. J. Community Psychol. 30 (3), 367-399.

Hirschi, T., 1969. Causes of Delinquency. University of California Press, Berkeley.

Huizink, A.C., Mulder, E.J.H., 2006. Maternal smoking, drinking or cannabis use during
pregnancy and neurobehavioral and cognitive functioning in human offspring.
Neurosci. Biobehav. Rev. 30 (1):24-41. http://dx.doi.org/10.1016/j.neubiorev.2005.
04.005.

Lanza, S.T.,, Rhoades, B.L., Greenberg, M.T., Cox, M., 2011. Modeling multiple risks during
infancy to predict quality of the caregiving environment: contributions of a person-
centered approach. Infant Behav. Dev. 34 (3):390-406. http://dx.doi.org/10.1016/.
infbeh.2011.02.002.

Lanza, S.T., Cooper, BR., Bray, B.C,, 2014. Population heterogeneity in the salience of mul-
tiple risk factors for adolescent delinquency. J. Adolesc. Health 54 (3):319-325.
http://dx.doi.org/10.1016/j.jadohealth.2013.09.007.

Laursen, B.P., Hoff, E., 2006. Person-centered and variable-centered approaches to longitu-
dinal data. Merrill-Palmer Q. 52 (3), 377-389.

Levine, J.A,, Pollack, H., Comfort, M.E., 2001. Academic and behavioral outcomes among
the children of young mothers. J. Marital. Fam. Ther. 63 (2), 355-369.

MacKenzie, MJ.,, Kotch, ].B., Lee, L.-C., 2011. Toward a cumulative ecological risk model for
the etiology of child maltreatment. Child Youth Serv. Rev. 33 (9):1638-1647. http://
dx.doi.org/10.1016/j.childyouth.2011.04.018.

McKinsey & Company, 2009. The Economic Impact of the Achievement Gap in America's
Schools. Author, Washington, D.C. Retrieved from. http://mckinseyonsociety.com/
downloads/reports/Education/achievement_gap_report.pdf.

Perez Sanchez, C.N., Betancort Montesinos, M., Cabrera Rodriguez, L., 2013. Family influ-
ences in academic achievement. A study of the Canary Islands. Revista Internacional
De Sociologia 71 (1):169-187. http://dx.doi.org/10.3989/ris.2011.04.11.

Prelow, H.M,, Loukas, A., 2003. The role of resource, protective, and risk factors on aca-
demic achievement-related outcomes of economically disadvantaged Latino youth.
J. Community Psychol. 31 (5):513-529. http://dx.doi.org/10.1002/jcop.10064.

Puskar, K.R., Marie Bernardo, L., 2007. Mental health and academic achievement: role of
school nurses. . Specialists Pediatr. Nurs. 12 (4):215-223. http://dx.doi.org/10.
1111/j.1744-6155.2007.00117.x.

Roeser, RW., Eccles, ].S., Strobel, K.R., 1998. Linking the study of schooling and mental
health: selected issues and empirical illustrations at the level of the individual.
Educ. Psychol. 33 (4), 153-176.

Rogers, K.D., Reese, G., 1965. Health studies—presumably normal high school students: 3.
Health room visits. Am. ]. Dis. Child. 109 (1), 28-42.

Rutter, M., 1979. Protective factors in children's responses to stress and disadvantage. In:
Kent, M.W., Rolf, ].E. (Eds.), Primary Prevention of Psychopathology, Vol 3: Social
Competence in Children. University of New England Press, Hanover, NH, pp. 49-74.

Sameroff, AJ., Seifer, R., Zax, M., Barocas, R., 1987a. Early indicators of developmental risk:
Rochester Longitudinal Study. Schizophr. Bull. 13 (3):383-394. http://dx.doi.org/10.
1093/schbul/13.3.383.

Sameroff, AJ., Seifer, R., Barocas, R., Zax, M., Greenspan, S., 1987b. Intelligence quotient
scores of 4-year-old children: social-environmental risk factors. Pediatrics 79 (3),
343-350.

Sameroff, AJ., Bartko, W.T., Baldwin, A., Baldwin, C,, Seifer, R., 1998. Family and social in-
fluences on the development of child competence. In: Lewis, M., Feiring, C. (Eds.),
Families, Risk, and Competence. Erlbaum, Mahwah, NJ, pp. 161-183.

Schneider, M.B., Friedman, S.B., Fisher, M., 1995. Stated and unstated reasons for visiting a
high school nurse's office. ]. Adolesc. Health 16 (1):35-40. http://dx.doi.org/10.1016/
1054-139X(95)94071-F.

Shaw, M., Lawlor, D.A., Najman, ].M., 2006. Teenage children of teenage mothers: psycho-
logical, behavioural and health outcomes from an Australian prospective longitudinal
study. Soc. Sci. Med. 62 (10), 2526-2539.

Smokowski, P.R., Mann, E.A., Reynolds, AJ., Fraser, M.W., 2004. Childhood risk and protec-
tive factors and late adolescent adjustment in inner city minority youth. Child Youth
Serv. Rev. 26 (1), 63-91.

Soni, AR, 2013. A study of the relationship between academic achievement motivation
and home environment among standard 10th pupils. Education (4):2 Retrieved
from. http://raijmr.com/wp-content/uploads/2013/05/13_48-51-Ashvinkumar.-P.-
Soni.pdf.

Webster-Stratton, C., Taylor, T., 2001. Nipping early risk factors in the bud: preventing
substance abuse, delinquency, and violence in adolescence through interventions
targeted at young children (0-8 years). Prev. Sci. 2 (3), 165-192.

Whitaker, B.C., 1968. Why high school students go to the health office. J. Sch. Health 38
(7):464-468. http://dx.doi.org/10.1111/j.1746-1561.1968.tb07037.x.

Woodward, L., Fergusson, D.M., Horwood, L.J., 2001. Risk factors and life processes associ-
ated with teenage pregnancy: results of a prospective study from birth to 20 years.
J. Marital. Fam. Ther. 63 (4), 1170-1184.

Yoshikawa, H., 1995. Long-term effects of early childhood programs on social outcomes
and delinquency. Futur. Child. 5 (3), 51-75.


http://dx.doi.org/10.1111/j.1469-7610.2004.00351.x
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0010
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0010
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0015
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0015
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0020
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0025
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0025
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0025
http://dx.doi.org/10.1016/j.chiabu.2011.05.009
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0035
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0035
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0035
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0040
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0040
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0045
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0045
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0050
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0050
http://dx.doi.org/10.1016/j.jsp.2012.04.004
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0060
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0060
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0060
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0065
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0065
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0065
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0070
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0070
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0070
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0075
http://dx.doi.org/10.1016/j.neubiorev.2005.04.005
http://dx.doi.org/10.1016/j.neubiorev.2005.04.005
http://dx.doi.org/10.1016/j.infbeh.2011.02.002
http://dx.doi.org/10.1016/j.infbeh.2011.02.002
http://dx.doi.org/10.1016/j.jadohealth.2013.09.007
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0095
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0095
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0100
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0100
http://dx.doi.org/10.1016/j.childyouth.2011.04.018
http://mckinseyonsociety.com/downloads/reports/Education/achievement_gap_report.pdf
http://mckinseyonsociety.com/downloads/reports/Education/achievement_gap_report.pdf
http://dx.doi.org/10.3989/ris.2011.04.11
http://dx.doi.org/10.1002/jcop.10064
http://dx.doi.org/10.1111/j.1744-6155.2007.00117.x
http://dx.doi.org/10.1111/j.1744-6155.2007.00117.x
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0130
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0130
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0130
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0135
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0135
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0140
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0140
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0140
http://dx.doi.org/10.1093/schbul/13.3.383
http://dx.doi.org/10.1093/schbul/13.3.383
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0150
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0150
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0150
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0155
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0155
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0155
http://dx.doi.org/10.1016/1054-139X(95)94071-F
http://dx.doi.org/10.1016/1054-139X(95)94071-F
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0165
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0165
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0165
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0170
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0170
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0170
http://raijmr.com/wp-content/uploads/2013/05/13_48-51-Ashvinkumar.-P.-Soni.pdf
http://raijmr.com/wp-content/uploads/2013/05/13_48-51-Ashvinkumar.-P.-Soni.pdf
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0180
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0180
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0180
http://dx.doi.org/10.1111/j.1746-1561.1968.tb07037.x
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0190
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0190
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0190
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0195
http://refhub.elsevier.com/S0091-7435(16)30423-6/rf0195

	Cumulative risk over the early life course and its relation to academic achievement in childhood and early adolescence
	1. Introduction
	2. Method
	2.1. Sample and procedure
	2.2. Measures
	2.2.1. Prenatal information
	2.2.2. School health information
	2.2.3. Child maltreatment
	2.2.4. Statistical bureau data
	2.2.5. Academic achievement

	2.3. Data analyses

	3. Results
	3.1. Multiple risk factor analysis
	3.2. Latent class analysis

	4. Discussion
	4.1. Limitations

	5. Conclusions
	Conflict of interest statement
	Financial disclosure
	Acknowledgements
	References


