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Summary

This study examined the relationship between children’s hair cortisol and socioeconomic status of
the family, as measured by parental education and income. Low family socioeconomic status has
traditionally been considered a long-term environmental stressor. Measurement of hair cortisol
provides an integrated index of cumulative stress exposure across an extended period of time. The
present study is the first to examine the relationship between hair cortisol and parental education
as well as parental income in a representative sample of preschoolers.

Data on hair cortisol, family income, and parental education were collected for a representative
sample of 339 children (Mean age = 4.6 years; SD = .5 years) from across 23 neighbourhoods of
the city of Vancouver, Canada. As maternal education was shown previously to be associated with
hair zinc level, hair zinc measurements were included as well in order to explore potential
relationships between hair zinc and hair cortisol. The relationship between hair cortisol and
parental education was examined using hierarchical regression, with hair zinc, gender, age, and
single parenthood included as covariates.
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Endnote

As described in the text, the correlation between maternal education and the winsorized and log-transformed cortisol values is
statistically significant. In the graph, we illustrate the group means for each for the four groups of maternal education, using the means
of the (not-winsorized, not-log-transformed) cortisol values. We note that due to the small cell sizes of the ‘less than high school” and
‘high school’ groups, a Bonferroni post hoc ANOVA analysis does not show statistical significance between the individual groups
shown in the graph; however, if we combine the ‘less than high school” and ‘high school’ groups into one group (n=58), it is
significantly different from the group ‘post-secondary degree’ (n= 185; p=0.004).
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Maternal and paternal education both were correlated significantly with hair cortisol (r=-0.18; p
=.001). The relationship remained statistically significant even after controlling for all
demographic covariates as well as for hair zinc and after taking the neighbourhood-level clustering
of the data into account. Parental income, on the other hand, was not related significantly to
children’s hair cortisol.

This study provides evidence that lower maternal and paternal education are associated with
higher hair cortisol levels. As hair cortisol provides an integrated index of cortisol exposure over
an extended time period, these findings suggest a possibly stable influence of SES on the function
of the hypothalamic—pituitary—adrenal (HPA) axis. Cumulative exposure to cortisol during early
childhood may be greater in children from low socio-economic backgrounds, possibly through
increased exposure to environmental stressors.
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1. Introduction

Childhood experiences may have a life-long influence on the function of the hypothalamic—
pituitary—adrenal (HPA) axis and thus on the regulation of cortisol. In children, differences
in cortisol levels have been reported in relation to mother’s depressive symptoms (Lupien et
al., 2001; Essex et al., 2002), childhood adversity (Carlson and Earls, 1997; Gunnar et al.,
2001), and stressful neonatal (Grunau et al., 2007) and childhood (Flinn and England, 1997;
Gunnar and Vazquez, 2001) environments. Moreover, socioeconomic status (SES) in
childhood has been shown to influence cortisol secretion patterns (Lupien et al., 2000, 2005;
Li et al., 2007). Both direct and indirect effects of factors such as pre- or postnatal nutrition,
stress, early life adversity, maternal depression and/or environmental (school, home,
neighbourhood) variables on HPA development could mediate the association between
childhood SES and cortisol. Several studies have shown that cortisol levels are also
associated with adult SES (Brandtstadter et al., 1991; Steptoe et al., 2003; Kristenson et al.,
2004; Kunz-Ebrecht et al., 2004; Cohen et al., 2006a,b) and, in fact, gradients in cortisol
levels have been shown according to income, education, and occupational status in adult life
(Kunz-Ebrecht et al., 2004; Cohen et al., 2006b). Interestingly, one life course study
suggested that associations between cortisol secretion patterns and SES in adulthood can be
attributed, at least in part, to SES gradients in cortisol in childhood (Li et al., 2007).

Overall cortisol levels or secretion patterns in childhood are important because they are
related to trajectories of physical, cognitive and socio-emotional development. Although the
direction of association may vary, it has been demonstrated that growth and adiposity
trajectories from age 7 to 45 years are associated with cortisol secretion patterns (Power et
al., 2006). Moreover, associations between cortisol and childhood cognition have been
observed in several studies including the 1958 British Birth Cohort (Power et al., 2008) and
in a cross-sectional sample of 53 Spanish children aged 9-12 years (Maldonado et al., 2008),
reflecting the fact that the brain is a major target for the glucocorticoid hormones.
Importantly, the relationship is bidirectional, with effects of cortisol on cognitive function
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and, conversely, effects of cognitive processing on cortisol secretion (Lupien et al., 2002,
2005). The HPA axis is also thought to play a role in socio-emotional development and
psychological state (Goodyer et al., 2001; Herbert et al., 2006). Associations between
emotional state and cortisol have been observed in infancy (Gunnar and Nelson, 1994; van
Bakel and Riksen-Walraven, 2004; Lewis and Ramsay, 2005) and childhood (McBurnett et
al., 2000; Shirtcliff et al., 2005; Herbert et al., 2006; Brummelte et al., 2010). One
longitudinal study found that preschoolers exposed to high levels of maternal stress had
elevated cortisol levels and, in turn, exhibited greater mental health symptoms in first grade
(Essex et al., 2002). Over the life course, the HPA axis may become dysregulated due to
social stressors (Power et al., 2010), as suggested by studies of low SES and of maltreatment
in childhood (Carlson and Earls, 1997; Lupien et al., 2000; Cicchetti and Rogosch, 2001;
Gunnar et al., 2001; Gunnar and Vazquez, 2001; Ranjit et al., 2005; O’Connor et al., 2009).
In turn, dysregulation of the HPA axis may lead to either hypo- or hyper-secretion of
cortisol, carrying increased risk of depression and other mental health problems (Bremmer et
al., 2007).

Taken together, this research on the determinants of HPA axis function, cortisol secretion
patterns, and life course health and development has generated a tantalizing glimpse of the
‘life’ of a key stress response pathway in human society. However, our understanding of the
significance of the HPA axis for human health and development has been hindered to some
extent because of limitations in the available methods of cortisol measurement. Accordingly,
a principal challenge for studies that seek to understand the relationships among HPA axis
function, social factors, life course and health is the method of estimation of cortisol
secretion patterns. Cortisol levels in biological samples such as plasma and especially,
saliva, have commonly been used as markers of daily HPA axis function and, also, of the
HPA response to experimental stressors. However, in the life course context, even multi-
time-point, multi-day sampling of saliva or plasma cannot provide a full picture of long-term
HPA axis function and cortisol secretion.

In recent years, methods to assay cortisol in hair have been developed that provide an
integrated index of cumulative cortisol exposure over an extended period of time. Raul et al.
(2004), in the context of tracking illegal use of performance-enhancing steroids by athletes,
demonstrated that physiological concentrations of cortisol and cortisone could be detected in
human hair. Further studies demonstrated that hair cortisol levels correlate significantly with
cortisol in a 24-hr urine sample (Sauvé et al., 2007) and with contemporaneously collected
salivary cortisol (D’Anna-Hernandez et al., 2011). Moreover, hair cortisol was shown to
correlate positively with waist-to-hip ratio, suggesting that hair cortisol reflects cortisol
exposure over the long term at tissue levels (Manenschijn et al., 2011). Subsequent data have
supported the use of hair cortisol as an integrated measure of long-term HPA activity. To cite
just a few examples, adults with severe chronic non-malignant pain syndromes were found
to have increased subjectively perceived stress, as measured by the Perceived Stress Scale
questionnaire, and concomitantly, had elevated hair cortisol levels compared to control
subjects, suggesting that hair cortisol levels could be a novel biomarker for long-term stress
exposure (Van Uum et al., 2008). Steudte et al. (2011) showed that hair cortisol levels were
significantly higher in traumatized (from a civil war area of Northern Uganda) individuals
with post-traumatic stress disorder (PTSD) than in traumatized individuals without PTSD,
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suggesting that PTSD in traumatized individuals who continue to live under stressful
conditions might reflect general hypercortisolism. Yamada et al. (2007) showed that whereas
hair cortisol levels did not distinguish between preterm and term neonates in neonatal
intensive care units, they did correlate with number of days on a ventilator in the term born
infants, and thus might be a marker of chronic neonatal stress. Hair cortisol levels were also
shown to be a useful marker of hypercortisolism in alcohol-dependent individuals (Stalder et
al., 2010). Three- to four-fold higher cortisol levels were seen in hair samples from
alcoholics during acute withdrawal than in those of abstinent alcoholics or controls. These
findings paralleled those of previous work using well-established measures of systemic
cortisol secretion. Thus, in a variety of settings, and in both adults and infants, hair cortisol
appears to provide an ideal measure to monitor cumulative cortisol release over an extended
period of time; providing an integrated measure of exposure to stress and, also, to longer-
term HPA axis function. Moreover, hair requires no special handling or storage. Therefore
hair provides an ideal tissue for large-scale surveys of prolonged stress levels.

In the literature, stress is also commonly associated with socioeconomic status background.
Studies have repeatedly found a correlation between SES (income, education, occupational
status) and developmental health outcomes, and researchers therefore speak of the ‘SES
gradient of developmental health’ (Keating and Hertzman, 1999). Multiple studies have
described the underlying causal mechanisms that associate low SES — poverty in particular —
with poor developmental outcomes (e.g., Berliner, 2005). In the context of this study, it is
important to note that income and education have been found to be correlated with stress-
preventing or -buffering family mechanisms and parenting processes, such as social support,
warmth/caring combined with appropriate control/supervision, providing healthy nutrition
and regular routines, family violence, unclear and/or age-inappropriate expectations
(Dornbusch et al., 1987). These family mechanisms and parenting processes, in turn, are
known to have direct impact on the developmental health and well-being of children
(Baumrind, 1966; Bronfenbrenner, 2005; Luthar, 2006). Parental education and income may
therefore be considered indicator variables of environmental stressors, as they gauge the
availability of resources in a family context (e.g., time, money, access to information), and
some of these resources represent necessary, though not sufficient, prerequisites for a
number of positive family mechanisms and parenting practices (e.g., time to be with
children, money to provide safe housing and healthy nutrition and activities, knowledge
about child development/parenting).

The aim of the present study was to examine whether in young children, hair cortisol, as an
integrated measure of cortisol exposure across an extended period of time is associated with
parental SES. Hair cortisol was assessed in relation to gender, parental income and
education, family structure, ethnicity, and socioeconomic characteristics of the
neighbourhood of residence. Our previous community-based survey of hair zinc, conducted
among 342 children age 4-6 years in an ethnically and socioeconomically diverse urban
environment (Vaghri et al., 2008, 2010), demonstrated an association between maternal
education and hair zinc. Hair zinc is considered a biological marker of long-term adequate
zinc nutrition; that is, children who have an inadequate zinc intake have lower hair zinc
levels than children who have adequate zinc intake (Prasad, 1988). Given the relationship
between nutrition and SES (Sandstead, 1973), hair zinc provided an index of adequacy of
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zinc nutrition to complement the environmental factors described above and to explore the
possible relationships between hair zinc and hair cortisol.

2. Methods
2.1. Sample

The final sample consisted of 339 children (49% boys; 51% girls; mean age = 4.6 years, SD
= 0.5 years) who were recruited from child care centres located in the city of Vancouver,
British Columbia, Canada. Below, we provide details on recruitment, inclusion, and
exclusion criteria.

In Section 3, we present descriptive statistics for the full sample. For the multivariate
analyses, we only included cases with complete data on all variables (n= 273 for the
analysis for maternal education; 7= 269 for the analysis with paternal education). The cases
with missing data did not differ statistically from the cases with complete data on any
predictor or outcome variable.

2.2. Study design

The study was designed as a citywide cross-sectional survey, representing all 23 social
planning neighbourhoods of the city of Vancouver, BC, Canada. A comprehensive list of
licensed child-care and preschool centres was the sampling frame and source of study
subjects. Data from the national census showed that there were wide variations in SES both
between and within social planning neighbourhoods. Accordingly, neighbourhoods were
broken down into smaller units referred to as dissemination areas (DA), the basic unit of
Canada’s census geography composed of one or more neighbouring blocks having a
population of 400-700 people. Maps of each neighbourhood were produced with the DAs
colour-coded to indicate their SES, such that the potential participating centres (child-care
and preschool centres) could be accounted for by both neighbourhood and DA. Quota
sampling was then used to achieve representation of each colour (geographic SES) when
selecting centres for participation.

Centres were contacted by telephone and were asked about their willingness to participate in
the survey. In total, 55 centres agreed to participate (55/68 = 81% response rate), while 13
refused. With each refusal a new centre, within the same neighbourhood DA or within
another DA of that neighbourhood with similar SES, was selected for contact. Following
initial contact, survey information packages were mailed to the centres, containing a letter
from the principal investigator explaining the project, along with a schematic presentation
outlining the sequence of the survey events and their allotted time intervals. Subsequently,
meetings were held with each participating centre, during which the survey and the survey
team were introduced to the child-care professionals, the time line for the survey and the
activities involved were discussed, and the initial letter of contact was given to the centres to
be sent out to the parents in one week’s time. One to two weeks after the letter of initial
contact, survey packages containing a subject information letter and a consent form, as well
as the survey questionnaire were sent to the children’s homes. During the next two weeks,
parents returned completed survey packages to the centre. Response rate of parents varied
from one neighbourhood to another within the range of 16-80% with the overall response
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rate of 30.3% for the survey. Following this, visits to the centres were scheduled during
which anthropometric measurements and hair samples were obtained from the consenting
children. The survey was conducted over a period of six weeks, between March and June.

The study was approved by the ethics board on human research of the University of British
Columbia. Participating parents signed a consent form following an information session
during which the study procedures and objectives were explained.

Inclusion criteria—The inclusion criteria for our survey were: (1) residency in the city of
Vancouver, (2) being in generally good health, and (3) child aged 41-71 months.

Exclusion criteria—If the child had been diagnosed with any serious or chronic disease,
and/or major sensory/cognitive/motor developmental disability, and/or was currently
suffering or recovering from common infections such as flu, cough, or diarrhoea, the child
was excluded.

2.3. Measures

2.3.1. Hair sample collection—Hair samples were originally collected for a study of
zinc levels, using methods described previously in Vaghri et al. (2008). Hair samples were
taken with stainless steel scissors, which were wiped with ethanol swabs between subjects to
avoid cross contamination. Following the protocol proposed by the International Atomic
Energy Agency (Deppisch et al., 1999), which is adopted by the Center of Disease Control
and the US Environmental Protection Agency (EPA), hair samples were cut from three or
four locations at the back of the head, and only the first 1-2 cm of hair proximal to the scalp
were used for analysis.

2.4. Biochemical analyses

2.4.1. Hair cortisol—Hair samples were washed twice with 12 ml of isopropanol for two
minutes and air-dried for 48 h. Each dried hair sample was pulverized using a ball mill
(Retsch, MM301) at 25 Hz for 2 min. Approximately 30 mg of ground hair powder were
transferred to a pre-weighed 2 ml micro-centrifuge tube and re-weighed. Methanol (1.5 ml)
was added and the tube was rotated on the RPI Mix-All Laboratory Tube Mixer for 24 h at
room temperature. The sample was then centrifuged at 3500 rpm for 15 min, and 1.4 ml of
supernatant was aliquotted into a clean tube. Another 1.5 ml methanol was added to the
sample tube and the whole extraction process was repeated. The supernatant was pooled and
allowed to air dry for 48 h to ensure complete evaporation of the solvent. It was then
reconstituted with 250 pL of the Salimetric salivary cortisol assay diluent and analysed in
duplicate by ELISA using the High Sensitivity Salivary Cortisol Immunoassay Kit (Cat# 1—
3002, Salimetrics, Pennsylvania), per the manufacturer’s instructions. The intra and inter-
assay coefficients of variation were 3.65% and 6.41% respectively. Cortisol levels are
expressed as ng/mg hair.

2.4.2. Hair zinc—Hair samples were collected into labelled coin-envelopes, and sent to JR
Labs, Burnaby, British Columbia. The samples were processed and analysed for zinc content
by inductively coupled plasma mass spectrometry (Puchyr et al., 1998). They were analysed
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as single samples, with a duplicate analysis for every 10th sample. The within assay CV for
this method was 3.3% at a mean of 175.3 ug zinc/g hair, while the between assay CV was
6.0% at a mean of 157.7 pg zinc/g hair.

2.4.3. Demographic information—Information on children’s gender and age (in
months), single parent status, neighbourhood of residence, ethnicity of parents, maternal and
paternal education, and parental annual income in Canadian dollars was obtained via a
survey filled out by the parent(s) of the child. In 94.5% of the cases, the person completing
the questionnaire was the mother.

2.4.4. Neighbourhood-level socioeconomic status—SES for the 23 neighbourhoods
of Vancouver was measured via an index based on information obtained from Statistics
Canada’s 2006 census and 2004 tax-filer data. Although samples were collected at child-
care centres, the children’s residential postal codes were used to place them in their
neighbourhood of residence. The SES index represents a continuous composite calculated
from the following variables: average wealth of families with children; employment rate;
residential stability; poverty (average female only income for families with children under
age 6 years); lone parent rate; housing density; population diversity (percentage of foreign
language at home; percentage of population first generation in Canada); and percentage of
women in manufacturing. This index was created by the Human Early Learning Partnership
(2009) from those census and tax-filer variables that most strongly correlated with
neighbourhood variations in early child development outcomes for children aged 5 years as
measured by the Early Development Instrument (EDI) (Guhn et al., 2007; Janus and Offord,
2007; Human Early Learning Partnership, 2009; Guhn et al., 2011).

2.5. Statistical analyses

Data were analysed with the statistical software package PASW/SPSS, version 18 (SPSS
Inc., Chicago, IL). First, the hair cortisol data were examined for outliers, defined as any
value three standard deviations above the mean. Outlier values were winsorized following
Tukey’s method (Tukey, 1977) and retained for data analysis. Winsorized cortisol values
were log transformed for statistical analyses; however, actual cortisol values prior to log
transformation are displayed graphically for ease of interpretation.

Mixed Model Analyses (using the procedure MIXED) were used to examine the relationship
between hair cortisol (as the dependent variable) and the child-level (level 1) predictor
variables maternal education (analysis 1) or paternal education (analysis 2), and hair zinc.
Demographic child-level variables (age, gender, ethnicity, parental annual income, single
parent status) were included as covariates at level 1 (child-level). The variable
‘Neighbourhood’ — indicating the neighbourhood of residence for each child — was used as
the grouping variable to take into account the geographically nested structure of the data
(i.e., taking into account the fact that children live in different neighbourhoods). In order to
examine any potential neighbourhood effects of neighbourhood-level SES on children’s hair
cortisol, the neighbourhood-level SES index variable was used as a predictor of the
neighbourhood intercept at level 2 (neighbourhood-level).
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Table 1 shows the descriptive characteristics for the child-level factors age, gender, single
parent status, maternal and paternal education, ethnicity, family income and hair zinc in
relation to hair cortisol. Given its subsequent importance in the analysis, we additionally
illustrate the relationship between the four categories of maternal education and the absolute
cortisol values in Fig. 1 (as bar graph, mean * standard error of the mean [SEM]). We note
that the relationship between paternal education and children’s hair cortisol is very similar.

3.1. Associations of hair cortisol with socioeconomic variables and hair zinc

Hair zinc, maternal education, and paternal education were significantly correlated with hair
cortisol. No other variables were significantly correlated with hair cortisol. Given that some
of the predictor variables and covariates correlated significantly amongst each other — that is,
maternal and paternal education were correlated significantly with each other (< 0.001), as
well as with annual income (p < 0.001) and with single parent status (o = 0.02), and hair
zinc was correlated significantly with age (o= 0.04) and single parent status (o = 0.001) —
mixed model analyses were conducted to take into account the multi-collinearity and the
(geographically) nested structure of the data (i.e., children living in different
neighbourhoods). Table 2 shows the zero-order correlations between the winsorized and log-
transformed cortisol variable with the predictor variables and the covariates included in the
mixed model analyses.

3.2. Mixed model analyses

3.2.1. Parental education, hair zinc, and covariates—Table 3 shows the results (raw
coefficients and p-values) from the mixed model analyses. Results for analysis 1 with
maternal education as the predictor variable are shown in the centre column, and for analysis
2 with paternal education as the predictor variable are shown on the right. As can be seen,
parental education was a significant predictor of hair cortisol in both analyses, and the
coefficients and p-values were equal, regardless of whether maternal or paternal education
was used as the predictor variable. Also, in both analyses, hair zinc is significantly related
with hair cortisol, with similar coefficients and p-values.

3.2.2. Ethnicity—We ran the analyses with and without four dummy variables
representing the five categories of ethnicity. The ethnicity variables did not significantly
correlate with hair cortisol values and regardless of whether the ethnicity variables were
included in the analyses or not, the coefficients for all other predictor variables and
covariates remained of equal size. Therefore, we chose to show only the results from the
analyses without the ethnicity variables, because the inclusion of the four dummy variables
reduced the power — and thus affected the p-values — of our analyses.

3.2.3. Neighbourhood-level socioeconomic status—The neighbourhood-level SES
index variable did not significantly covary with differences in neighbourhood-level
intercepts (i.e., neighbourhood average values) of hair cortisol. We note that a
neighbourhood sample of 23 represents a lower bound of the sample size range that is
considered adequate for hierarchical analyses. A larger neighbourhood sample would have
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yielded higher statistical power, and would have resulted in a higher chance of detecting a
neighbourhood effect. For the present analyses, it is important to highlight that the
coefficients for the child-level predictors had equal size and significance levels regardless of
whether a hierarchical linear regression or a (non-hierarchical) multiple regression was
performed. In other words, the results remained robust across different analytic strategies.

4. Discussion

This study is the first to examine hair cortisol, as an integrated index of stress over an
extended period of time, and its relationship to social determinants in a community sample
of young children. The results indicate that parental education — as indicated by maternal or
paternal education — and hair zinc both have significant inverse associations with hair
cortisol. These relationships remained significant even after controlling for covariates, such
as the child’s age, gender, ethnicity, parental income, and single parenthood. As noted, hair
zinc is considered a biological marker of long-term adequate zinc nutrition (Prasad, 1988),
and there is an established relationship between nutrition and SES (Sandstead, 1973). In this
context, an inverse association of hair zinc and cortisol may reflect some level of chronic
stress in these children. Parental education represents a proxy variable that has been found to
correlate with family mechanisms and parenting practices (e.g., authoritative parenting
versus laissez-faire or authoritarian parenting; see Dornbusch et al., 1987) that, in turn, have
an impact on children’s developmental health (Baumrind, 1966). In particular, it has been
found that parents with higher education backgrounds are more likely to use authoritative
parenting (high warmth, paired with high expectations, support, and control), which is
associated with higher social and cognitive problem solving skills in children, and with
fewer stress-associated problem behaviours and mental disorders (Baumrind, 1966). These
associations are compatible with our findings insofar as higher parental education is
associated with lower cortisol levels, and this association may be due to an association
between parental education and stress-buffering or stress-reducing parenting styles.

The association of hair cortisol with parental education and with hair zinc remained
significant after taking into account the geographically nested structure of the data (i.e.,
children living in different neighbourhoods). This finding suggests that these relationships
are not associated with, or caused by, any unmeasured neighbourhood-level variables. In
other words, the relationships are most likely not spurious relationships of unknown
geographically varying factors, because the geographical clustering in the statistical analyses
did not account for a significant amount of variance.

During early development in humans, cortisol activity is sensitive to social regulation. Under
conditions of sensitive and responsive care-giving, cortisol secretion patterns may be
affected and shaped by children’s attachment behaviours and distress reactions to and from
caregivers (Gunnar and Donzella, 2002). When young children are exposed to less sensitive
and responsive care, cortisol secretion patterns may, instead, be exaggerated, usually
presenting as hyperresponsiveness to stresses. However, other patterns, such as hypo-
responsiveness, may also occur, especially under adverse conditions that persist over years
or decades. Our results suggest that parental education, and in particular increasing maternal
education, is associated with reduced cumulative cortisol secretion over the long-term
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(Davis-Kean, 2005). In support, the literature presents an abundance of evidence indicating
the positive effect of maternal education on various aspects of children’s lives, including
social and cognitive development (Kohen et al., 2002; Davis-Kean, 2005), emotional well-
being and physical health (Zill et al., 1995; Zill, 1996), and nutrition (North and Emmett,
2000). Moreover, our results are consistent with two recent reviews suggesting that parental
education is more important than income as a determinant of child development because it
strongly predicts the quality of interaction between parents and children (Davis-Kean, 2005;
Carneiro et al., 2007).

We found a significant relationship between long-term stress (hair cortisol) and zinc
nutrition (hair zinc). Marginal zinc deficiency (MZD) as indicated by low hair zinc level is a
very early stage in the spectrum of zinc deficiency when the body’s zinc supply is
chronically and marginally short of meeting physiological needs (Prasad, 1988). MZD is a
nutritional assault that, similar to many other nutritional deficiencies, can result in
physiological stress in the human body. It would be of value to investigate to what extent this
deficiency and its root causes (i.e., poor nutrition or malnutrition) are associated with — and
thus indicative of — other environmental stressors. For example, in view of the fact that rich
sources of zinc in the diet are animal-source foods and often much more expensive than
plant-source foods, it may be the case that children who experience poor zinc nutrition are
also more likely to live in family environments where the financial capacity of the family is
limited. Caregivers’ financial hardship may also create an environment in which children
may have less time with their parents and/or caregivers, and may even experience less caring
or less interactive relationships with them. Such associations between MZD and family
environment, which has been documented for other nutritional deficiencies (Drotar and
Eckerle, 1989), remains to be further explored.

It is important to note that while statistically significant, the associations between hair
cortisol and both zinc levels and socioeconomic factors, were relatively weak. This may
reflect the relatively high living standards of the Canadian setting involved. We would expect
these associations to be more pronounced in conditions of greater social adversity and/or a
sample with greater variation in SES. This study, as the first conducted utilizing the hair
cortisol status of a community-based sample of preschoolers, provides a first estimate of hair
cortisol reference values, at least for healthy Canadian preschoolers. Due to its relatively
large sample size, and given that the participants were healthy children, this study may also
serve as a starting point for reference values for healthy preschoolers of other wealthy
societies.

In generalizing the findings of this study, some limitations should be kept in mind. Firstly,
by using the preschool and day-care centres as the source of recruitment, we have excluded
children of stay-at-home mothers who are not utilizing these services. Secondly, the overall
response rate was 30%, with 70% of the parents receiving our survey package choosing not
to respond. We did not have any systematic way of comparing the characteristics of children
of stay-at-home mothers with those in preschool and group child-care settings, or of non-
respondents with respondents.
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In summary, this work has reiterated the significance of parental education on child health,
while reaffirming the role of parental education in attenuating or buffering long-term
cumulative stress levels of the child. Associations observed between hair cortisol and hair
zinc levels of healthy children in a community setting warrant further research to shed light
on the mechanism of this relationship.
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Less than high school ~ High school ~ Some postsecondary Postsecondary degree
Maternal education

Mean absolute cortisol values for four categories of maternal education. Legend: nmol:
nanomol. The width of the error bars reflects different group sizes (see Table 1).
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Descriptives of the child-level variables.

Table 1

Predictor s/covariates n Cortisol (ng/mg hair) SD

Gender Boys 167 0.021 0.04
Girls 172 0.019 0.04

Age <51 months 85 0.024 0.04
51-55 months 85 0.022 0.05
56-60 months 84 0.017 0.02
>60 months 85 0.018 0.03

Ethnicity Caucasian 150 0.018 0.03
Chinese 98 0.022 0.03
East Indian 25 0.024 0.06
Other ethnicities 45 0.019 0.03
Mixed 21 0.024 0.07

Maternal education Less than high school 25 0.050 0.09
High school 33 0.030 0.05
Some college or university 90 0.017 0.02
University or college degree 185  0.016 0.03
Missing 6

Paternal education Less than high school 31 0.037 0.06
High school 34 0.013 0.01
Some college or university 81 0.025 0.04
University or college degree 186  0.017 0.03
Missing 7

Parental annual income ~ <20,000 30 0.031 0.07
20,000-39,000 56 0.018 0.02
40,000-60,000 46 0.019 0.03
>60,000 143 0.018 0.03
Missing 64

Parenthood Two parents 297 0.020 0.04
Single parent 42 0.020 0.05

Hair zinc Below 1104 126 0.019 0.03
Above 110 213  0.021 0.04

aHair zinc of 110 pg/g (1.68 pmol/g) is the accepted cutoff for seasons with shortest daylight (Gibson et al., 1989).
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Table 2

Correlations of the log-transformed, winsorized cortisol variable with predictor variables and covariates.

n Correlation coefficients (p-values)
Maternal education? 333 -0.18(0.001)
Paternal education? 332 -0.18(0.001)
Hair zinc? 339 -0.15 (0.006)
Aged 339 -0.09 (0.098)
Gender¢ 339 -0.01(0.790)
Parenthood status® 339 0.01(0.920)

Annual family income? 275 -0.07(0.235)

Legend: 7z number of children in the respective subgroups; p-values: values for statistical probability. The categories for the variables are shown in
Table 1 (e.g., maternal education: Less than high school = 1; high school = 2; some college or university = 3; University or college degree = 4).

Bold font indicates significant p-values.

a . . .
Pearson correlations were calculated for the continuous variables.

b . . . .
Polyserial correlations were calculated for the ordinal variables.

c.. . . . .
Biserial correlations were calculated for the dichotomous variables.
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Table 3

(Raw) coefficients and p-values from the mixed model analyses.

Predictors/covariates

Analysis 1 (maternal education)

Analysis 1 (paternal education)

(Raw) coefficient p (Raw) coefficient p

A 273 269

Parental education -0.137 0.01 -0.140 0.01
Hair zinc -0.003 0.02 -0.003 0.01
Age -0.013 0.06 -0.010 0.16
Gender -0.022 0.81 -0.050 0.59
Parenthood (single vs. two parents)  0.163 0.28 0.185 0.22
Parental annual income 0.009 0.86 0.010 0.84

Legend: /7 number of children in the respective subgroups; p: statistical probability value; coefficients and p-values below the statistical

significance level of p=0.05 are bolded.
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Analysis 1: Multiple hierarchical regression analysis, with hair cortisol as dependent variable, and maternal education and other variables (i.e., hair

zinc, age, etc.) as independent variables.

Analysis 2: Multiple hierarchical regression analysis, with hair cortisol as dependent variable, and paternal education and other variables (i.e., hair

zinc, age, etc.) as independent variables.

The categories for the variables are shown in Table 1 (e.g., parental education: less than high school = 1; high school = 2; some college or

university = 3; University or college degree = 4).

a . . . . . .
The multiple regression used only cases that had complete data (i.e., no missing data on any predictor variable).
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