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Scientists have long recognized the importance of fetal 
development for subsequent physical disease (DiFranza, 
Aligne, & Weitzman, 2004; Hernández-Díaz, Werler, 
Walker, & Mitchell, 2000). Recently, however, there has 
been a growing appreciation of the influence of this 
period on psychological health. For example, elevated 
placental levels of corticotrophin-releasing hormone 
predict higher internalizing symptoms in children at the 
age of 5 years (Howland, Sandman, Glynn, Crippen, & 
Davis, 2016). Similarly, exposures to lead, alcohol, folate 
deficiency, chronic stress, and infection during gestation 
are linked to negative psychological outcomes in off-
spring, including intellectual disability, attention-deficit/
hyperactivity disorder, and schizophrenia (Ellman, 
Yolken, Buka, Torrey, & Cannon, 2009; Hu et al., 2006; 
Mattson, Riley, Gramling, Delis, & Jones, 1997; Roza 
et al., 2010). Indeed, as cells differentiate, canalize, and 
proliferate across gestation, it is not surprising that a 
developing fetus would be especially responsive to 
intra- and extracellular signals during this period and 

that such effects might become biologically embedded 
in ways that contribute to later mental health.

In the current study, we tested the formulation that 
anomalous levels of lipids in umbilical cord blood 
(which is fetal in origin) is related to subsequent psy-
chological functioning. Briefly, lipids, including choles-
terol and triglycerides, are fat molecules that play 
important roles in energy transport and storage, cell 
signaling, and maintaining membrane integrity (Olson, 
1998). Scientists measuring cholesterol in humans typi-
cally further distinguish between “good cholesterol” that 
protects against risk—levels of high-density lipoproteins 
(HDLs) that remove fat from artery walls and reduce 
macrophage accumulation—and “bad cholesterol” that 
contributes to risk—levels of low-density lipoproteins 
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Abstract
The fetal environment has been increasingly implicated in later psychological health, but the role of lipids is unknown. 
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(LDLs) or very-low-density lipoproteins (VLDLs) that are 
involved in fat delivery and contribute to atherosclero-
sis. Although these lipid markers are implicated reliably 
in physical health (Shimizu, 2009), it is not clear whether 
low fetal levels of HDLs or high levels of LDLs, VLDLs, 
or triglycerides also have enduring effects on psycho-
logical health.

Researchers assessing adults have documented con-
nections between lipids and several psychological phe-
nomena. For example, studies drawing on Italian and 
Korean cohorts report associations between blood lipid 
levels and personality traits, finding low HDL to be 
associated with higher levels of Neuroticism and high 
levels of triglycerides to be correlated with low Extra-
version and Conscientiousness (Roh et al., 2014; Sutin 
et al., 2010). Other investigators have found that high 
VLDL is associated with a history of suicide attempts 
(Baek et al., 2014) and that elevated triglycerides relate 
to higher symptoms of depression and anxiety (Igna, 
Julkunen, & Vanhanen, 2011).

Notably, many researchers posit a model in which 
psychological traits lead to alterations in lipid profiles, 
rather than the reverse ( Johnson, Collier, Nazzaro, & 
Gilbert, 1992). Although a few studies support this 
direction of effects (Floyd, Mikkelson, Hesse, & Pauley, 
2007; Todaro, Shen, Niaura, Spiro, & Ward, 2003), sev-
eral prospective longitudinal studies suggest the 
reverse: that lipid profiles predict subsequent psycho-
logical functioning. For example, Raikkonen, Matthews, 
and Kuller (2002) reported reciprocal associations 
between psychological states and metabolic syndrome 
(characterized by high total cholesterol, triglycerides, 
and other cardiovascular markers) in adults and found, 
in part, that metabolic syndrome at baseline predicted 
increasing levels of anger and anxiety over time. In 
addition, among psychiatric inpatients, low HDL or high 
total cholesterol and triglycerides have been found to 
predict violence and aggressive behavior, self-injury, 
and risk for repeated suicide attempts (Emet et al., 2015; 
Eriksen, Bjørkly, Lockertsen Færden, & Roaldset, 2017; 
Roaldset, Bakken, & Bjørkly, 2011). Finally, in a com-
munity sample of over 400,000 individuals, low HDL 
predicted the onset of mood disorders over a 2-year 
period (Kim, Han, Jang, & Park, 2018). Together, this 
work increasingly implicates lipid markers in psycho-
logical health.

Although specific biological cascades that account 
for such associations are not yet clear, lipids are 
involved in the regulation of several interrelated sys-
tems relevant to psychiatric functioning, including brain 
development, inflammation, serotonergic systems, and 
neuroendocrine responses (Huang & Chen, 2005), sug-
gesting multiple plausible and overlapping pathways 
through which lipids may relate to psychological health. 

Despite these accumulating findings, little work has 
considered associations between lipids and psychologi-
cal functioning in children, and no research has exam-
ined lipid profiles in the fetal stage, a period when 
developing biological systems may be particularly sen-
sitive. Such an investigation would permit stronger 
directional inferences and may identify modifiable risk 
processes that are relevant to subsequent psychological 
health.

To this end, we utilized a large, ethnically diverse 
birth cohort in the current study to examine prospective 
associations between fetal lipids and subsequent psycho-
logical and social functioning at the age of approximately 
5 years. We examined broadly defined socioemotional 
competency, as rates of psychopathology are likely to 
be low in young children. We also tested the generaliz-
ability of associations, as well as whether other psy-
chological or physical health variables in mothers or 
children are confounders that could have accounted for 
the results. Specifically, reflecting patterns in prior psy-
chological work and the respective risk-protective func-
tion of HDL versus the risk-promotive functions of 
VLDL and triglycerides for metabolic health, we hypoth-
esized that lower levels of HDL, higher levels of VLDL, 
and higher levels of triglycerides in umbilical cord 
blood at birth would each predict a greater likelihood 
of children being rated by their teachers as less socially 
and emotionally competent 5 years later. We also exam-
ined whether the observed associations were consistent 
for male and female children and across ethnic back-
grounds. Finally, we tested whether maternal psychologi-
cal or physical health during pregnancy, maternal use of 
prenatal vitamins, and children’s physical health, body 
mass index (BMI), or special education status accounted 
for the study findings.

Method

Overview

As part of the large, ongoing, multiwave Born in Bradford 
(BiB) cohort study, pregnant women who were between 
26 and 28 weeks of gestation were recruited between 
March 2007 and December 2010 through the Bradford 
Royal Infirmary (Bryant et  al., 2013; J. Wright et  al., 
2013). Ethics approval for the study was granted by 
Bradford National Health Service Research Ethics Com-
mittee (Reference No. 06/Q1202/48; see Raynor & Born 
in Bradford Collaborative Group, 2008, for more 
detailed information about recruitment and study pro-
tocol). The following variables were pertinent to the 
present study: demographic factors, maternal depres-
sive symptoms, use of prenatal vitamins, and medical 
health records of the mother during pregnancy; cord 
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blood collected at the birth of the child; general physical 
health of the child rated by the mother when the child 
was 3 years of age; the child’s psychosocial competences, 
as rated by teachers at the end of his or her reception 
year1 when the child was approximately 4 to 5 years old; 
and the child’s BMI relative to the British population at 
approximately 5 years old. All data were collected by 
trained researchers, physicians, and staff using the par-
ticipants’ preferred language of communication.

Participants

Various components of the larger BiB study were 
administered to different subsets of participants; for the 
current study, 1,369 children and their mothers had 
complete data on variables central to the present analy-
ses. Mothers included in this study were 27.60 years of 
age at recruitment (SD = 5.42), and 52% of the children 
were male. Reflecting the unique ethnic composition 
of Bradford, England, 37.9% of the sample was White 
British, 51.1% was Pakistani British, and 11.0% was of 
another ethnic background. Average family income 
was in the second decile of British incomes based on 
2007 data, and on average, mothers had completed 
their Graduate Certificate of Secondary Education or 
equivalent.

Compared with participants from the larger study 
who had missing data but who provided a response to 
at least one variable before children were 5 years old, 
individuals included in the current sample were less 
likely to be Pakistani British and had lower average 
maternal educational attainment (education category: 
M = 2.40 vs. M = 2.49) and lower average income 
(income decile: M = 2.40 vs. M = 2.50). There were no 
other significant differences between individuals 
included in the current study and those excluded 
because of missing data on any study variables.

Measures collected at pregnancy

Prenatal maternal depression. At the baseline assess-
ment conducted at approximately 27 weeks of gestation, 
pregnant women completed the depression subscale of 
the General Health Questionnaire–28 (Goldberg & Hillier, 
1979), a widely used mental health screening instrument 
with demonstrated validity and reliability (Goldberg et al., 
1997). The present study included seven items assessing 
recent depressive symptoms, each rated on a 4-point 
scale ranging from better than usual to worse than usual. 
Sample items include “have you recently felt that life was 
entirely hopeless?” and “have you recently been thinking 
of yourself as a worthless person?” Internal reliability was 
high (α = .86).

Maternal physical health. At study entry, mothers’ 
medical records were coded for history of diabetes, his-
tory of hypertension, and gestational diabetes (yes/no).

Maternal use of prenatal vitamins. During the base-
line questionnaire in pregnancy, mothers reported on 
how frequently they took PrenaCare multivitamins dur-
ing pregnancy—a prenatal supplement. Responses were 
reverse coded so that higher scores would reflect more 
frequent use. Scores ranged from 0 to 5: 5 (daily), 4 (5–6 
times per week), 3 (2–4 times per week), 2 (once a week), 
1 (less often). A 0 reflected that the item was left blank, 
which was interpreted as indicating that mothers did not 
use this vitamin at all. Although this interpretation of 
nonresponses as reflecting nonuse is not methodologi-
cally ideal, it is supported by the fact that the level of 
nonresponse to this item was profoundly higher than to 
items before or after it in the questionnaire packet.

Demographic covariates. Information about partici-
pants’ age, education, and ethnic background was also 
collected.

Measures collected at birth

Unlike the placenta (which contains a mixture of mater-
nal and fetal cells), cord blood cells are fetal in origin 
and thus provide an index of the developing fetus 
through relatively noninvasive means (Needham et al., 
2011). Umbilical cord blood samples were obtained at 
delivery by the attending midwife and were refrigerated 
at 4° C in ethylenediaminetetraacetic acid (EDTA) tubes 
until being spun, frozen, and stored at −80° C. Samples 
were transferred to the Biochemistry Department of 
Glasgow Royal Infirmary for analysis. HDL, VLDL, and 
triglyceride levels were assayed using commercially 
available automated enzymatic methods with the 
ARCHITECT cSystem (Abbott, Abbott Park, Illinois).

Measures collected at 3 years

When children were 36 months of age, mothers 
responded to the item “Describe your child’s health” on 
a 5-point scale ranging from excellent to poor.

Measures collected at 4 to 5 years

Child psychosocial competence. At the end of recep-
tion year (when children were 4–5 years old), children’s 
teachers rated each child’s psychosocial competencies 
using the 2013 version of the Early Years Foundation Stage 
Profile (Department for Education, 2012), a standardized 
academic development tool that has been adopted as a 
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mandatory assessment in all Bradford schools. As part of 
the Personality, Social Development, and Emotion section, 
children were rated on their development in domains relat-
ing to self-awareness (Self-Confidence and Self-Awareness 
subscale), emotion regulation (Managing Feelings and 
Behaviour subscale), and interpersonal relationships (Mak-
ing Relationships subscale). For each domain, children 
were classified as being below developmental expectations 
(“emerging”), at developmental expectations (“achieving”), 
or exceeding developmental expectations (“exceeding”) 
on the basis of the teachers’ assessments after a year of 
working with the children. (We excluded nine children 
from the larger study who were noted as being absent for 
long periods or who recently moved to the area.)

Special needs status. As part of the academic assess-
ment at ages 4 to 5, each child was coded as either being 
in or not being in special education.

Children’s BMI. As part of the National Child Measure-
ment Programme, all children had their height and weight 
recorded, along with their age in months, during recep-
tion year. Scores were standardized relative to the British 
1990 growth reference (UK90; C. M. Wright et al., 2002), 
which is the most common reference value used in Eng-
land for population monitoring.

Data-analysis plan

To examine whether lipid markers predict social and 
emotional development, we conducted ordinal logistic 
regressions using a generalized linear model. We mod-
eled children’s developmental competency (below, at, 
or exceeding developmental expectations) in the 
domains of self-awareness, emotion regulation, and 
interpersonal functioning separately by cord blood 
HDL, VLDL, and triglycerides, controlling for maternal 
age at baseline, ethnic background, children’s sex, and 
maternal education level, resulting in a total of nine 
models. Following prior work, we ran these models 
separately (with one lipid marker predicting one psy-
chosocial marker) to acknowledge the unique biologi-
cal functions of HDL, VLDL, and triglycerides and to 
also provide a test of consistency across conceptually 
related, but distinct, processes. (However, we present 
the results of analyses using a composite lipid and a 
composite psychosocial-competency variable in the 
Supplemental Material available online.)

We then conducted secondary analyses to assess 
whether the obtained results were generalizable across 
families of different ethnic backgrounds and across 
both male and female children by adding interaction 
terms into the ordinal logistic regressions. Finally, we 
probed whether six possible alternative explanations 

might account for observed associations by rerunning 
the regressions with variables indexing (a) health con-
ditions in the mothers prior to and during pregnancy, 
(b) mothers’ prenatal depressive symptoms, (c) moth-
ers’ use of prenatal vitamins during pregnancy, (d) chil-
dren’s general physical health at 3 years, (e) children’s 
BMI at approximately 5 years, and (f) whether children 
were placed in special education classes.

Results

Cord blood lipids and triglyceride 
as predictors of child psychosocial 
competency

Descriptive statistics for the sample included in the 
present study are presented in Table 1. As hypothe-
sized, the primary analyses examining whether HDL, 
VLDL, or triglyceride levels in cord blood predicted 
children’s psychosocial development 5 years later 
yielded consistent and significant associations across 
all blood markers and psychosocial outcomes. The esti-
mated parameters for each cord blood marker are pre-
sented in Table 2 (parameter estimates for all covariates 
are presented in the Supplemental Material). These 
results indicate that higher HDL in cord blood at birth 
significantly predicts higher ratings of children’s com-
petence in emotion regulation, self-awareness, and 
interpersonal functioning at the end of their initial year 
of school. For example, a 1-standard-deviation increase 
in HDL is associated with 20% greater likelihood of 
children being rated in a higher category of interper-
sonal-functioning competency. In contrast, higher VLDL 
and triglycerides at birth significantly predict lower rat-
ings of children’s competence in each of the social and 
emotional domains. For instance, a 1-standard-deviation 
increase in VLDL is associated with a 13% lower likeli-
hood of being rated in a higher category of emotion-
regulation competency. Results examining composite 
variables of lipids and psychosocial competency were 
consistent with these findings and are presented in the 
Supplemental Material. Notably, these associations 
emerged over and above contributions of demographic 
and socioeconomic factors affecting children and were 
obtained after a 5-year period during which there are 
dramatic developmental and experiential changes in 
children’s functioning.

Generalizability across ethnic 
backgrounds and children’s sex

We conducted secondary analyses to test whether these 
associations were consistent across different ethnic 
groups and for both male and female children. Given 
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the unique ethnic composition of the BiB sample, it 
was possible to test whether associations between cho-
lesterol and triglyceride markers and child psychosocial 
development were different for families from different 
ethnic backgrounds (White British, Pakistani British, 
and other) by including interaction terms between cord 
blood markers and ethnic-status dummy indicators in 
each model. These inclusions did not change the origi-
nal pattern of associations and did not yield any sig-
nificant interactive effects, indicating that associations 
between lipid markers and psychosocial development 
did not differ significantly across ethnic groups within 
the sample. Similarly, given sex differences in fetal envi-
ronmental susceptibility (Sandman, Glynn, & Davis, 
2013), we repeated similar analyses to test for modera-
tion by children’s sex. There were no significant inter-
action effects between children’s sex and cord blood 
markers in predicting child functioning, again indicating 

that such links are robust for both male and female 
children.

Alternative explanations

Given the inherent limitations of correlational work, we 
tested whether findings could be accounted for by six 
possible alternative explanations: (a) health conditions 
in the mothers prior to and during pregnancy, (b) moth-
ers’ prenatal depressive symptoms, (c) mother’s use of 
prenatal vitamins during pregnancy, (d) children’s gen-
eral physical health assessed at the age of 3 years, (e) 
children’s BMI at approximately the time of the psy-
chosocial-competency assessment, and (f) children’s 
placement in special education classes.

Statistically adjusting for whether or not mothers had 
a history of hypertension, diabetes prior to pregnancy, 
and gestational diabetes coded from medical records 

Table 1. Descriptive Statistics for Study Variables

Variable Value

Sex (child)  
 Male 51.6%
 Female 48.4%
Ethnic background  
 White British 37.9%
 Pakistani British 51.1%
 Other ethnic group 11.0%
History of hypertension (mother) 1.1%
History of diabetes (mother) 0.3%
Gestational diabetes (mother) 9.2%
Self-awareness competency (child)  
 Below expectations 17.2%
 At expectations 67.1%
 Above expectations 15.7%
Emotion-regulation competency (child)  
 Below expectations 17.2%
 At expectations 68.7%
 Above expectations 14.2%
Interpersonal-relationship competency (child)  
 Below expectations 16.5%
 At expectations 70.1%
 Above expectations 13.4%
Special needs education (child) 17.9%
Age at baseline in years (mother) M = 27.60, SD = 5.42, range = 15–44
Educational-attainment category (mother) M = 2.40, SD = 1.10, range = 1–4
Income decile M = 2.40, SD = 1.94, range = 1–10
High-density lipoprotein (child) M = 0.65, SD = 0.22, range = 0.09–1.66
Very-low-density lipoprotein (child) M = 0.24, SD = 0.12, range = 0.08–1.21
Triglycerides (child) M = 0.54, SD = 0.27, range = 0.18–2.64
Depressive symptoms (mother) M = 8.40, SD = 2.70, range = 7–28
Prenatal vitamin use (mother) M = 0.60, SD = 1.60, range = 0–5
Body mass index (standardized relative to UK 1990 growth reference; child) M = 0.22, SD = 1.09, range = −3.85 to 4.53
Overall physical health (child) M = 2.37, SD = 0.84, range = 1–5
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did not change the pattern of results: Lipid markers 
remained significant predictors of children’s psychoso-
cial functioning for all markers and all outcomes. In 
addition, controlling for mothers’ prenatal depressive 
symptoms did not change the associations between 
blood markers and functioning. These findings suggest 
that the observed effects were not due to more physi-
cally or psychiatrically symptomatic mothers having 
children who exhibit more problematic psychological 
functioning. Similarly, adjusting for mothers’ use of pre-
natal vitamins during pregnancy also did not affect the 
independent significant contributions of each lipid 
marker, nor did it independently predict psychosocial 
competency, suggesting that such associations are likely 
not accounted for by micronutrient deficits. Although 
controlling for children’s physical health rating at age 
3 slightly reduced the significance of the association 
between HDL and self-awareness to a trend level, b = 
0.74, SE = 0.41, 95% confidence interval (CI) = [–0.64, 
1.54], p = .071, odds ratio (OR) = 2.10, all other associa-
tions between cord blood markers and child psycho-
social development remained significant. The inclusion 
of children’s standardized BMI relative to UK 1990 
growth reference data (along with children’s age in 
months at the time of BMI assessment) did not affect 
the pattern or significance of results.

Finally, adjusting for whether or not children were 
placed in special needs education also did not change 
the pattern of results, with the exceptions that the asso-
ciation between HDL and self-awareness was no longer 
significant, b = 0.40, SE = 0.27, 95% CI = [–0.14, 0.93], 
p = .144, OR = 1.49, and the association between HDL 
and emotion regulation was reduced to trend-level sig-
nificance, b = 0.47, SE = 0.28, 95% CI= [–0.07, 1.02],  
p = .088, OR = 1.61. Thus, the observed associations 
between fetal lipids and subsequent psychosocial func-
tioning do not appear broadly to be due to mothers’ 
poor physical or psychological health during pregnancy, 
to micronutrient deficits in pregnancy, or to children’s 
poor physical health, body mass, or neurodevelopmen-
tal disability.

Discussion

Drawing on an ethnically diverse birth cohort, we found 
that levels of HDL, VLDL, and triglycerides in umbilical 
cord blood prospectively predicted teachers’ ratings of 
children’s self-awareness, emotion-regulation, and 
interpersonal-relationship competencies at the age of 
5 years. These findings were consistent across families 
of different ethnic backgrounds and for both male and 
female children. Furthermore, the possibilities that 
these associations were due to maternal psychological 
or physical health during pregnancy, use of prenatal 

vitamins, children’s physical health at age 3 years, chil-
dren’s BMI, or special education status were not sup-
ported. Although we acknowledge that these results are 
correlational, they are nevertheless the first to docu-
ment associations consistent with the formulation that 
fetal lipid levels may contribute to children’s later psy-
chological functioning.

Although we do not yet understand the precise 
mechanisms through which these associations emerge, 
multiple systems involved in psychological health are 
connected to lipid dynamics. For example, cholesterol 
and triglyceride levels are associated with immune and 
endocrine processes implicated in mood disorders 
(Pariante, 2017); specifically, non-HDL lipid accumula-
tion is linked to greater proinflammatory signaling and 
increased glucocorticoid exposure (Fraser et al., 1999; 
Tall & Yvan-Charvet, 2015), whereas higher levels of 
HDL appear to buffer individuals from inflammation and 
to relate to more optimal T-cell ratios (Anantharamaiah 
et al., 2007; Maes et al., 1997). This may also inform 
neurobiological processes through crucial effects on 
the development of the brain and cognitive functioning 
(Yates, Sweat, Yau, Turchiano, & Convit, 2012). Likewise, 
cholesterol has been shown to play an important role 
in serotonin transportation, itself linked with inflamma-
tion (Scanlon, Williams, & Schloss, 2001). Low HDL may 
lead to low levels of serotonin in the central nervous 
system and insufficient regulation of limbic structures 
in the brain, including the amygdala (Eriksen et  al., 
2017; Siever, 2008).

That levels of HDL, VLDL, and triglycerides at birth 
were significantly related to psychosocial functioning 
5 years later attests to the enduring effects of the fetal 
period on psychological health and suggests that lipid 
levels may be novel mechanisms that should be con-
sidered in the context of children’s psychological func-
tioning. While further work using experimental 
methodology will be critical to interrogating causal 
links, this documented association has several exciting 
implications. For example, because lipid levels are eas-
ily assessed in peripheral blood and routinely pro-
cessed at hospitals, should additional research confirm 
predictive associations, it would be possible to use 
lipids to support assessments of risk without requiring 
more invasive, expensive, or specialized testing. Fur-
thermore, lipid levels are readily modifiable through 
behavioral interventions. Therapies (such as dietary 
changes or exercise programs) that support higher lev-
els of HDL and lower levels of LDL in pregnant or 
nursing mothers might be used to help prevent or 
reduce risk for children. In addition, the possibility of 
mechanistic links has important implications for policy 
research. Current efforts to provide pregnant women 
and young children with access to high-nutrition food 
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through grocery subsidization programs are clearly 
important for physical growth and health; the current 
study suggests that such programs might also improve 
psychological outcomes for children, further justifying 
the programs’ economic costs.

Despite these implications, it is important to acknowl-
edge several limitations. First, although the temporal 
sequence of assessments makes a reverse-directionality 
model unlikely, it is nevertheless possible that con-
founder variables accounted for observed associations. 
For example, women who have more resources may be 
able to engage in healthier behaviors during pregnancy 
and may also provide children with higher quality post-
natal environments. It is worth noting that the present 
findings held even after we accounted for a socioeco-
nomic status indicator (i.e., maternal education); of 
course, it is possible that other forms of resources, such 
as social support, or other variables, such as genetics, 
affect both lipid levels and later child psychological 
health. Second, we were unable to test directly several 
factors that may contribute to associations, including 
family behaviors or characteristics such as maternal BMI 
or exercise during pregnancy, diet during pregnancy 
and childhood, or maternal personality factors. We were 
also unable to examine several possible biological 
mechanisms through which fetal lipids may affect later 
psychosocial functioning, such as markers of inflam-
mation, neurotransmitter activity, or cortisol production. 
Testing the contribution of these variables will be cru-
cial for future work. Here, research using experimental 
or quasiexperimental designs in humans and animals 
will be critical to advancing scientific knowledge. Third, 
although associations were statistically significant, effect 
sizes were small. However, as Durlak (2009) argues, 
small effect sizes may still be practically meaningful if 
the outcome is important, such as, in our opinion, failing 
to achieve expected psychosocial milestones by the end 
of the first school year. For comparison, the observed 
effects were comparable in size with those found 
between experiences of stressful events or smoking dur-
ing pregnancy and child behavior problems at age 2 
years (Robinson et al., 2008). Regardless, however, it is 
clear that many factors contribute to children’s emo-
tional and social functioning beyond lipid levels at birth.

Despite these limitations and unanswered questions, 
the current study has several important strengths. First, 
it drew on a large, ethnically diverse prospective birth 
cohort, permitting generalizations regarding child devel-
opment that extend beyond White families or families 
of European descent. Second, the current study utilized 
a range of assessment sources, including biological 
samples, medical chart reviews, parent reports, and 
teacher ratings. Notably, the primary analyses avoided 
self- or parent reports, reducing the possibility of 

method or reporter bias. Third, it examined lipid profiles 
in umbilical cord blood, providing information on the 
fetus at the earliest feasible assessment point and offer-
ing a strong directional test of associations. Taken 
together, the current results indicate that levels of cho-
lesterol and triglycerides at birth are significantly related 
to children’s psychological and social functioning 5 
years later, suggesting that fetal exposure to lipids may 
represent a novel form of biological embedding for psy-
chological health risk.
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Note

1. Reception year in the United Kingdom is equivalent to kin-
dergarten in the United States.

References

Anantharamaiah, G. M., Mishra, V. K., Garber, D. W., Datta, 
G., Handattu, S. P., Palgunachari., . . . Fogelman, A. M.  
(2007). Structural requirements for antioxidative and anti-
inflammatory properties of apolipoprotein AI mimetic 
peptides. Journal of Lipid Research, 48, 1915–1923.

Baek, J. H., Kang, E.-S., Fava, M., Mischoulon, D., Nierenberg, 
A. A., Yu, B.-H., . . . Jeon, H. J. (2014). Serum lipids, 
recent suicide attempt and recent suicide status in 
patients with major depressive disorder. Progress in 
Neuro-Psychopharmacology & Biological Psychiatry, 51, 
113–118. doi:10.1016/j.pnpbp.2014.01.018

Bryant, M., Santorelli, G., Fairley, L., West, J., Lawlor, D. A., & 
Bhopal, R., . . . the Born in Bradford Childhood Obesity 
Scientific Group. (2013). Design and characteristics of 
a new birth cohort, to study the early origins and eth-
nic variation of childhood obesity: The BiB1000 study. 
Longitudinal and Life Course Studies, 4, 119–135.

Department for Education. (2012). Statutory framework for the 
Early Years Foundation Stage. Retrieved from https://www 
.foundationyears.org.uk/files/2014/05/eyfs_statutory_ 
framework_march_2012.pdf

DiFranza, J. R., Aligne, C. A., & Weitzman, M. (2004). Prenatal 
and postnatal environmental tobacco smoke exposure 
and children’s health. American Academy of Pediatrics, 
113, 1007–1015.

Durlak, J. A. (2009). How to select, calculate, and interpret 
effect sizes. Journal of Pediatric Psychology, 34, 917–928. 
doi:10.1093/jpepsy/jsp004

Ellman, L. M., Yolken, R. H., Buka, S. L., Torrey, E. F., & 
Cannon, T. D. (2009). Cognitive functioning prior to the 
onset of psychosis: The role of fetal exposure to serologi-
cally determined influenza infection. Biological Psychiatry, 
65, 1040–1047. doi:10.1016/j.biopsych.2008.12.015

Emet, M., Yucel, A., Ozcan, H., Gur, S. T. A., Saritemur, M., 
Bulut, N., & Gumusdere, M. (2015). Female attempted 
suicide patients with low HDL levels are at higher risk 
of suicide re-attempt within the subsequent year: A 
clinical cohort study. Psychiatry Research, 225, 202–207. 
doi:10.1016/j.psychres.2014.11.026

Eriksen, B. M. S., Bjørkly, S., Lockertsen, Ø., Færden, A., & 
Roaldset, J. O. (2017). Low cholesterol level as a risk 
marker of inpatient and post-discharge violence in acute 
psychiatry – A prospective study with a focus on gender 
differences. Psychiatry Research, 255, 1–7. doi:10.1016/j 
.psychres.2017.05.010

Floyd, K., Mikkelson, A. C., Hesse, C., & Pauley, P. M. (2007). 
Affectionate writing reduces total cholesterol: Two random-
ized, controlled trials. Human Communication Research, 
33, 119–142. doi:10.1111/j.1468-2958.2007.00293.x

Fraser, R., Ingram, M. C., Anderson, N. H., Morrison, C., 
Davies, E., & Connell, J. M. (1999). Cortisol effects on 
body mass, blood pressure, and cholesterol in the general 
population. Hypertension, 33, 1364–1368. doi:10.1161/01 
.HYP.33.6.1364

Goldberg, D. P., Gater, R., Sartorius, N., Üstün, T. B., 
Pinccinelli, M., Gurgeje, O., & Rutter, C. (1997). The 
validity of two versions of the GHQ in the WHO study 
of mental illness in general health care. Psychological 
Medicine, 27, 191–197. doi:10.1017/S0033291796004242

Goldberg, D. P., & Hillier, V. F. (1979). A scaled version of the 
General Health Questionnaire. Psychological Medicine, 
9, 139–145.

Hernández-Díaz, S., Werler, M. M., Walker, A. M., & Mitchell, 
A. A. (2000). Folic acid antagonists during pregnancy and 
the risk of birth defects. New England Journal of Medicine, 
343, 1608–1614. doi:10.1056/nejm200011303432204

Howland, M. A., Sandman, C. A., Glynn, L. M., Crippen, C., & 
Davis, E. P. (2016). Fetal exposure to placental corticotro-
pin-releasing hormone is associated with child self-reported 
internalizing symptoms. Psychoneuroendocrinology, 67, 
10–17. doi:10.1016/j.psyneuen.2016.01.023

Hu, H., Téllez-Rojo, M. M., Bellinger, D., Smith, D., Ettinger, 
A. S., Lamadrid-Figueroa, H., . . . Hernández-Avila, 
M. (2006). Fetal lead exposure at each stage of preg-
nancy as a predictor of infant mental development. 
Environmental Health Perspectives, 114, 1730–1735. 
doi:10.1289/ehp.9067

Huang, T.-L., & Chen, J.-F. (2005). Cholesterol and lipids in 
depression: Stress, hypothalamo-pituitary-adrenocortical 
axis, and inflammation/immunity. Advances in Clinical 
Chemistry, 39, 81–105.

Igna, C. V., Julkunen, J., & Vanhanen, H. (2011). Vital exhaus-
tion, depressive symptoms and serum triglyceride levels 
in high-risk middle-aged men. Psychiatry Research, 187, 
363–369. doi:10.1016/j.psychres.2010.10.016

Johnson, E. H., Collier, P., Nazzaro, P., & Gilbert, D. C. (1992). 
Psychological and physiological predictors of lipids in 
Black males. Journal of Behavioral Medicine, 15, 285–298. 
doi:10.1007/BF00845357

Kim, S. J., Han, K.-T., Jang, S.-Y., & Park, E.-C. (2018). The 
association between low level of high-density lipopro-
tein cholesterol and mood disorder using time-dependent 
analysis. Journal of Affective Disorders, 225, 317–325. 
doi:10.1016/j.jad.2017.08.016

Maes, M., Smith, R., Christophe, A., Vandoolaeghe, E., Gastel, 
A. V., Neels, H., . . . Meltzer, H. Y. (1997). Lower serum 
high-density lipoprotein cholesterol (HDL-C) in major 
depression and in depressed men with serious suicidal 
attempts: Relationship with immune-inflammatory mark-
ers. Acta Psychiatrica Scandinavica, 95, 212–221.

Mattson, S. N., Riley, E. P., Gramling, L., Delis, D. C., & Jones, 
K. L. (1997). Heavy prenatal alcohol exposure with or 
without physical features of fetal alcohol syndrome leads 
to IQ deficits. The Journal of Pediatrics, 131, 718–721. 
doi:10.1016/S0022-3476(97)70099-4

Needham, L. L., Grandjean, P., Heinzow, B., Jørgensen, P. J.,  
Nielsen, F., Patterson, D. G., Jr., . . . Weihe, P. (2011). 
Partition of environmental chemicals between maternal 
and fetal blood and tissues. Environmental Science & 
Technology, 45, 1121–1126.

Olson, R. E. (1998). Discovery of the lipoproteins, their role 
in fat transport and their significance as risk factors. 
Journal of Nutrition, 128, 439S–443S. doi:10.1093/jn/128 
.2.439S

https://www.foundationyears.org.uk/files/2014/05/eyfs_statutory_framework_march_2012.pdf
https://www.foundationyears.org.uk/files/2014/05/eyfs_statutory_framework_march_2012.pdf
https://www.foundationyears.org.uk/files/2014/05/eyfs_statutory_framework_march_2012.pdf


10 Manczak, Gotlib

Pariante, C. M. (2017). Clinical and molecular mecha-
nisms underlying glucocorticoid resistance in depres-
sion: The unsolved chicken-and-egg conundrum. 
Psychoneuro endocrinology, 83(Suppl.), 87. doi:10.1016/j 
.psyneuen.2017.07.473

Raikkonen, K., Matthews, K., & Kuller, L. H. (2002). The 
relationship between psychological risk attributes and 
the metabolic syndrome in healthy women: Antecedent 
or consequence? Metabolism, 51, 1573–1577. doi:10.1053/
meta.2002.36301

Raynor, P., & Born in Bradford Collaborative Group. (2008). 
Born in Bradford, a cohort study of babies born in Bradford, 
and their parents: Protocol for the recruitment phase. BMC 
Public Health, 8, 530–513. doi:10.1186/1471-2458-8-327

Roaldset, J. O., Bakken, A. M., & Bjørkly, S. (2011). A pro-
spective study of lipids and serotonin as risk markers 
of violence and self-harm in acute psychiatric patients. 
Psychiatry Research, 186, 293–299. doi:10.1016/j.psychres 
.2010.07.029

Robinson, M., Oddy, W. H., Li, J., Kendall, G. E., de Klerk, N. H.,  
Silburn, S. R., . . . Mattes, E. (2008). Pre- and postna-
tal influences on preschool mental health: A large-scale 
cohort study. Journal of Child Psychology and Psychiatry, 
49, 1118–1128.

Roh, S.-J., Kim, H.-N., Shim, U., Kim, B.-H., Kim, S.-J., Chung, 
H. W., . . . Kim, H.-L. (2014). Association between blood 
lipid levels and personality traits in young Korean women. 
PLOS ONE, 9(9), Article e108406. doi:10.1371/journal.pone 
.0108406

Roza, S. J., van Batenburg-Eddes, T., Steegers, E. A., Jaddoe, V. W.,  
Mackenbach, J. P., Hofman, A., . . . Tiemeier, H. (2010). 
Maternal folic acid supplement use in early pregnancy and 
child behavioural problems: The Generation R Study. The 
British Journal of Nutrition, 103, 445–452.

Sandman, C. A., Glynn, L. M., & Davis, E. P. (2013). Is there 
a viability–vulnerability tradeoff? Sex differences in fetal 
programming. Journal of Psychosomatic Research, 75, 
327–335. doi:10.1016/j.jpsychores.2013.07.009

Scanlon, S. M., Williams, D. C., & Schloss, P. (2001). Membrane 
cholesterol modulates serotonin transporter activity. 
Biochemistry, 40, 10507–10513. doi:10.1021/bi010730z

Shimizu, T. (2009). Lipid mediators in health and disease: 
Enzymes and receptors as therapeutic targets for the regu-
lation of immunity and inflammation. Annual Review of 
Pharmacology and Toxicology, 49, 123–150. doi:10.1146/
annurev.pharmtox.011008.145616

Siever, L. J. (2008). Neurobiology of aggression and vio-
lence. The American Journal of Psychiatry, 165, 429–442. 
doi:10.1176/appi.ajp.2008.07111774

Sutin, A. R., Terracciano, A., Deiana, B., Uda, M., Schlessinger, 
D., Lakatta, E. G., & Costa, P. T., Jr. (2010). Cholesterol, 
triglycerides, and the Five-Factor Model of personality. 
Biological Psychology, 84, 186–191. doi:10.1016/j.biopsy 
cho.2010.01.012

Tall, A. R., & Yvan-Charvet, L. (2015). Cholesterol, inflamma-
tion and innate immunity. Nature Reviews Immunology, 
15, 104–116. doi:10.1038/nri3793

Todaro, J. F., Shen, B.-J., Niaura, R., Spiro, A., & Ward, K. D.  
(2003). Effect of negative emotions on frequency of coro-
nary heart disease (The Normative Aging Study). The 
American Journal of Cardiology, 92, 901–906. doi:10.1016/
S0002-9149(03)00967-6

Wright, C. M., Booth, I. W., Buckler, J. M. H., Cameron, N., Cole, 
T. J., Healy, M. J. R., . . . Williams, A. F. (2002). Growth 
reference charts for use in the United Kingdom. Archives 
of Disease in Childhood, 86, 11–14. doi:10.1136/adc.86.1.11

Wright, J., Small, N., Raynor, P., Tuffnell, D., Bhopal, R., & 
Cameron, N., . . . the Born in Bradford Scientific Collaborators 
Group. (2013). Cohort profile: The Born in Bradford multi-
ethnic family cohort study. International Journal of Epide-
miology, 42, 978–991. doi:10.1093/ije/dys112

Yates, K. F., Sweat, V., Yau, P. L., Turchiano, M. M., & 
Convit, A. (2012). Impact of metabolic syndrome on 
cognition and brain: A selected review of the literature. 
Arteriosclerosis, Thrombosis, and Vascular Biology, 32, 
2060–2067. doi:10.1161/ATVBAHA.112.252759


