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Abstract

Extensive literature suggests that adverse experiences in early childhood may deleteriously impact later health. These effects are
thought to be related to the impact of persistent or chronic stress on various biological processes, mediated by dysregulation of
the hypothalamic—pituitary—adrenal (HPA) axis, and ultimately irregularities in cortisol levels. Ameliorating persistent stress in
young children requires accurately measuring the chronicity of physiologic stress, which is difficult in young children because of
unreliable self-report and the burden and inaccuracy associated with using invasive acute-stress biomeasures. A better way to
approximate persistent stress in young children is measuring hair cortisol concentration (HCC), as it only requires one
noninvasive collection to measure months of HPA-axis activity or experienced stress. However, few studies measure HCC in
young children despite wide use in adult stress research. This article reviews and synthesizes research that uses HCC to
approximate persistent stress in healthy children, 12—-60 months of age. Reviewed studies indicate that HCC is elevated in
young children who are experiencing forms of persistent stress such as low socioeconomic status and maternal distress. Hair
cortisol is thus a promising measure of early childhood persistent stress, but due to the limited use of HCC in this population,
much research is still needed. Specifically, nurse researchers may need to measure several factors associated with early childhood

persistent stress and HCC to identify which children are at risk for stress-related disease.
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Currently, no consensus exists on the best way to measure
persistent (also referred to as chronic) stress in young children
(Vanaelst et al., 2012) particularly because young children are
unreliable reporters of their symptoms. However, a promising
way to measure early childhood persistent stress may be use of
the biomeasure hair cortisol concentration (HCC). Researchers
have used HCC widely to approximate chronic physiological
stress responses in adults (Sauve, Koren, Walsh, Tokmakejian,
& Van Uum, 2007; Stalder & Kirschbaum, 2012), but the mea-
sure is just emerging in early childhood (12—-60 months of age)
persistent stress research. To address this gap, in this article, we
will first provide background information on early childhood
stress and hair cortisol and then synthesize the science that uses
hair cortisol to measure chronic physiological stress in children
between 12 and 60 months of age. The findings from this article
will advance nursing science by providing a better understand-
ing of hair cortisol as a measure of persistent physiologic stress
in early childhood.

Extensive literature suggests that adverse experiences and
persistent stress in early childhood can have deleterious conse-
quences on health later in the life course (Shonkoff, Boyce, &
McEwen, 2009), for instance premature mortality (Anda et al.,
2009), limited brain development in areas that predict aca-
demic success (Danese & McEwen, 2012), adverse health

behaviors (Felitti et al., 1998), and chronic diseases such as
cardiopulmonary disease, cancer, liver disease, and skeletal
fractures (Felitti et al., 1998). Unfortunately, adverse experi-
ences and persistent stress are typically measured many years
after their occurrence, introducing recall bias and limiting
intervention effectiveness due to delayed implementation
(Halfon & Hochstein, 2002).

Authors have suggested that the pathophysiological effect of
adverse childhood experiences on target organs is mediated by
persistent stress (Everly & Lating, 2002). Persistent stress is the
cumulative result of several stress responses over time. Stress
responses are the individual’s cognitive appraisal of and sub-
sequent adjustment to a stressor. Finally, a stressor is the real or
perceived environmental stimulus that triggers an individual’s
stress-response system to initiate actions to overcome or
“survive” the stressor (Everly & Lating, 2002; Marshall, Davis,

! College of Nursing, The Ohio State University, Columbus, OH, USA
2 College of Public Health, The Ohio State University, Columbus, OH, USA

Corresponding Author:

Randi Bates, MS, RN, PCCN, FNP-C, College of Nursing, The Ohio State
University, Newton Hall, 1585 Neil Ave., Columbus, OH 43210, USA.

Email: bates.204@osu.edu


mailto:bates.204@osu.edu
https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/1099800417711583
http://journals.sagepub.com/home/brn

500

Biological Research for Nursing 19(5)

& Sherbourne, 1999; Monroe, 2008; Smith, Everly, & Johns,
1993). Excessively chronic or repeated stressors (collectively
culminating in persistent stress) are more prone to causing
psychophysiological pathology than small doses of stressors,
collectively known as tolerable (Shonkoff, 2012) or manage-
able stress (Hostinar & Gunnar, 2013), which can stimulate
adaptive responses that optimize health and performance or
help an individual avoid danger (e.g., fight or flight response;
McEwen, 2007). Examples of potential persistent stressors in
early childhood are child abuse (Monnat & Chandler, 2015),
low socioeconomic status (SES), and maternal distress (symp-
toms of stress and/or depression in the child’s mother; Brody
et al., 2013; McCoy & Raver, 2014; Ziol-Guest & McKenna,
2014). These persistent issues are considered stressors in part
because they interfere with young children’s ability to have
their basic needs met. Early inputs of chronic stress experiences
can become embedded in the young child’s developing psycho-
neurobiological framework if they occur during the sensitive
period of neurodevelopment (approximately 0—60 months of
age; Briggs-Gowan, Carter, & Ford, 2012; Carter, Dubois,
Tremblay, & Taljaard, 2013; Shonkoff, Garner, The Commit-
tee on Psychosocial Aspects of Child and Family Health, Com-
mittee on Early Childhood, & Section on Developmental and
Behavioral Pediatrics, 2012; Wodtke, 2013). This embedding
compromises optimal development of the child’s psychoneur-
obiological framework, or scaffolding (Ayoub, Vallotton, &
Mastergeorge, 2011), such as brain areas responsible for the
stress-response (Shonkoff, 2010) and self-regulation systems
(McEwen & Gianaros, 2010; Tottenham et al., 2010), stimulat-
ing processes that underpin later chronic disease (Halfon, Lar-
son, Lu, Tullis, & Russ, 2014; National Center for Chronic
Disease Prevention and Health Promotion, 2009; World Health
Organization [WHO], 2005). Several interdisciplinary models
help illustrate this early maladaptive adjustment to persistent
stress, such as the allostatic load model (McEwen, 2007), the
ecobiodevelopmental framework (Shonkoff, 2010), the life
course health development framework (Halfon et al., 2014),
and the expanded biobehavioral interaction model for nursing
(Kang, Rice, Park, Turner-Henson, & Downs, 2010).

Each child processes and responds to persistent stress dif-
ferently due to variations in gene—environment interactions
(Shonkoff et al., 2012). These variations necessitate a tool for
reliably measuring children’s stress response, or how children
are experiencing persistent stress, so that nurse researchers and
clinicians can identify those who are at risk for pathophysiolo-
gic adjustment and in need of interventions to relieve persistent
stress. Measuring a child’s stress response can be difficult for
several reasons. First, paper-and-pencil measures of persistent
stress experiences have limited utility in children because
young children have limited ability to recall events, identify
persistent psychological stress, and clearly articulate emotions
(Gow, Thomson, Rieder, Van Uum, & Koren, 2010). In addi-
tion, invasive physiologic measures of the stress response, such
as serum, urinary, or salivary cortisol, may be burdensome to
the child or fraught with testing bias (Stalder, Hucklebridge,
Evans, & Clow, 2009; Steudte et al., 2011). Instead, researchers

and clinicians should consider using easy-to-collect, noninva-
sive physiological measures of a child’s retrospective stress
response such as HCC.

Cortisol, known as the stress hormone, is one of the end
products of the hypothalamic—pituitary—adrenal (HPA) axis.
Cortisol release occurs in a daily pattern, facilitating physiolo-
gic diurnal regulation (Lightman et al., 2008; Tsigos & Chrou-
sos, 2002; Wust et al., 2000), and in bursts in response to
stressors (Gow et al., 2010). For diurnal rhythm regulation, the
secretion rate of cortisol is generally highest around 30 min
after awakening (Wust et al., 2000) and declines until the fol-
lowing wake-up period the next day (Lightman et al., 2008).
After a cortisol surge in response to exposure to an acute stres-
sor, serum cortisol levels typically peak in 15-30 min; these
surges have a half-life of approximately 70 min (Baum &
Grunberg, 1997). A stress-induced cortisol burst increases the
cortisol concentration above the level that would occur natu-
rally according to the diurnal pattern, elevating overall cortisol
levels (Blair, Berry, Mills-Koonce, Granger, & F. L. P. Inves-
tigators, 2013; Blair et al., 2008, 2011; Essex, Klein, Cho, &
Kalin, 2002). However, in adults persistent/chronic stress can
sometimes be associated with a blunted diurnal cortisol pattern
(reflected in lower levels of cortisol; Steudte et al., 2011),
suggesting HPA-axis dysregulation from pathophysiologic
adjustment to chronic stressors (Brooks & Robles, 2009).

In multidisciplinary research, investigators typically mea-
sure cortisol in saliva, urine, and more recently, hair. In chil-
dren, researchers have most commonly measured cortisol via
saliva due to its nonpainful sampling and ease of storage. How-
ever, salivary cortisol only measures an acute stress response
and/or a cross-sectional time point of diurnal cortisol release,
which can vary in young children due to stage of development
of the HPA axis (Blair, Granger, Willoughby, & Kivlighan,
2006; Gunnar & Donzella, 2002; Kaufman et al., 1997), nap-
time (Gunnar & Donzella, 2002; Watamura, Donzella, Kertes,
& Gunnar, 2004), and developing temperament, a product of
gene—environment interactions (Blair, 2010; Chen & Schmidt,
2015; Rothbart, 2011; Rowe, Jacobson, & Van den Oord,
1999). Further, research with salivary cortisol sampling typi-
cally excludes nighttime measures of cortisol, and researchers
have found reactionary testing effects from salivary cortisol
sampling (Steudte et al., 2011). In addition, the capturing of
persistent stress responses requires repeated measurements of
salivary cortisol (Lee, Kim, & Choi, 2015) to approximate
average cortisol levels over time, which may be costly, burden-
some to the child, or biased due to sampling error from repeated
collections across stages of HPA-axis development, varying
naptimes, and testing reactions.

A better way to measure persistent stress responses via cor-
tisol production is through HCC, as one measure of HCC
averages the daily fluctuations of cortisol and reduces the bur-
den associated with invasive or repeated measures. Although
the exact mechanism for how cortisol is diffused into the hair is
unknown, researchers primarily hypothesize that unbound, free
cortisol passively diffuses into the hair shaft from its follicular
vasculature (Pragst & Balikova, 2006; Russell, Koren, Rieder,
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& Van Uum, 2012), though a more controversial hypothesis
(Grass et al., 2015; Russell, Koren, Rieder, & Van Uum, 2014)
is that cortisol from sebaceous and eccrine gland secretions
coats the hair follicle (Raul, Cirimele, Ludes, & Kintz, 2004).
HCC is obtained by cutting a small sample of hair (the size of
the tip of a shoelace) as close as possible to the scalp in the area
of the posterior vertex (D’Anna-Hernandez, Ross, Natvig, &
Laudenslager, 2011). The HCC in the most proximal 1 cm of
hair to the scalp approximates mean cortisol output from the
HPA axis (diurnal and in response to stressors) over the prior 1
month of growth (Russell et al., 2015; Sauve et al., 2007;
Wennig, 2000) because hair grows approximately 1 cm each
month (Wennig, 2000). HCC can be reliably measured in up to
6 cm of proximal hair growth, as it declines distally (Detten-
born, Tietze, Bruckner, & Kirschbaum, 2010), likely due to
hair washing and other hair care practices (Hamel et al.,
2011; Hoffman, Karban, Benitez, Goodteacher, & Laudensla-
ger, 2014; Kirschbaum, Tietze, Skoluda, & Dettenborn, 2009).
Research has also shown that HCC is confounded by health
conditions associated with HPA-axis dysregulation (e.g., Cush-
ing’s disease; Starkman, Gebarski, Berent, & Schteingart,
1992), corticosteroid use (Kamps et al., 2014), and chemical
hair processing (Hamel et al., 2011; Hoffman et al., 2014;
Kirschbaum et al., 2009).

Studies demonstrate that researchers have reliably measured
HCC in laboratories worldwide and across various extraction
and analysis procedures (i.e., immunoassay vs. liquid chroma-
tography; Russell et al., 2015; Slominski, Rovnaghi, & Anand,
2015). HCC measures correlate well with intraperson averages
of three salivary cortisol time-point measures in adults (awa-
kening, 30 min after awakening, and at bedtime; r = .61, p =
.01) and is a more reliable test-—retest measure (month-to-month
HCC: r = .84, p <.001) than the three time-point measures of
salivary cortisol week to week (»r = .38—-.61, p = .13—.01; Short
et al., 2016). However, these findings may not be as valid in
young children because of factors such as a developing HPA
axis, naptime variability, and difficulty obtaining accurate and
repeated saliva samples. In the only study that, to our knowl-
edge, correlated salivary cortisol and HCC in young children,
Vanaelst et al. (2012) correlated measures from a 6-cm strand
of hair with a 2-day average of salivary cortisol in elementary
school-aged girls, limiting the validity of their findings. Gen-
erally, these findings indicate that, despite the lack of HCC
reference norms and different HCC analysis techniques, HCC
information within and across individuals should be compara-
ble. However, much remains to be learned regarding HCC
measurement in young children, as it is an emerging biomea-
sure in this population. Thus, in the present review, we will
examine the current state of the science on HCC as a biomea-
sure of persistent stress in young, healthy children.

Methods

We searched all published literature in early August 2016 using
14 databases: PubMed, CINAHL Plus with Full Text,
Academic Search Complete, Academic Search Premier, Health

and Psychosocial Instruments, MEDLINE, Psychology and
Behavioral Sciences Collection, PsycINFO, Social Sciences
Abstracts (H. W. Wilson), Social Work Abstracts, SocINDEX
with Full Text, Sociological Collection, Cochrane, and Scopus.
The database search formula we used was (child OR pediatric
OR toddler OR preschool OR youth) AND (stress OR
nervous OR nervousness OR psychogenic OR anxiety OR
depression OR distress) AND cortisol AND hair. Limits set
(when available) included English language, humans, and
scholarly (peer-reviewed) journals. We considered peer-
reviewed experimental, quasi-experimental, and observational
studies for this review.

In an effort to better understand stress-related hair cortisol in
normally developing, living human children 12—-60 months of
age, we excluded child populations who experienced factors
that could possibly alter normal HPA-axis reactivity, including
those born prematurely (Grunau et al., 2013; Yamada et al.,
2007), those experiencing adverse developmental conditions,
those with chronic diseases such as Addison’s (De Leo, Coz-
zolino, Colao, & Pivonello, 2012) and asthma (Kamps et al.,
2014), and those using steroids (Smy et al., 2015). If a study’s
sample included children aged within our target age range
along with children aged above or below that range, we
included the study in this review but attempted to extract and
focus on data from these studies that corresponds to the target
age group when possible.

Results

See Figure 1 for a flowchart depicting the search and selection
process for this review. Of the nine studies included in this
review, six measured HCC alongside other stress-related mea-
sures (e.g., child-abuse risk, family SES, maternal distress, or
child temperament or behavior) in children (Groeneveld et al.,
2013; Karlen, Frostell, Theodorsson, Faresjo, & Ludvigsson,
2013; Karlen et al., 2015; Palmer et al., 2013; Vaghri et al.,
2013; Vliegenthart et al., 2016), while the remaining three
examined reference ranges and HCC confounders in young,
healthy children (Dettenborn, Tietze, Kirschbaum, & Stalder,
2012; Noppe et al., 2014; Slominski et al., 2015).

Table 1 provides a summary of the studies reviewed. In
general, investigators in all of the studies used a type of immu-
noassay to detect the HCC, and none reported difficulties
obtaining sufficient hair or internal review board approval.
Because we were primarily interested in stress-related mea-
sures associated with child HCC, we have organized our review
of these studies by stress-related measurement category (mater-
nal distress and other dyad associations, SES, child tempera-
ment or behavior), pooled results of HCC values (by age, race,
and gender/sex), and other associations.

Maternal Distress and Child HCC and Other
Dyadic Associations

Evidence suggests that child HCC is correlated with estab-
lished measures of maternal distress. Palmer et al. (2013) found
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Articles identified through
database search = 215

Articles identified through
other sources = 1

. !

Articles screened for study
relevance after duplicates (n = 153)

—PI Articles excluded = 45

removed = 62

Full-text articles assessed for
eligibility = 17

Articles excluded = 8

Journal club article = 1

Outside target age group = 7

I Articles included in review = 9

Figure 1. Article search and selection procedure.

that in White dyads, child HCC was positively correlated with
parenting stress (via the Parenting Stress Index; r = .24, p =
.008), 4-week maternal depression scores (via the Edinburgh
Postnatal Depression Scale [EPDS]; » = .22, p = .02), and
l-year maternal depression scores (via the EPDS; r» = .20;
p = .03), while in Black dyads, child HCC was positively
correlated with maternal dysthymic scores (» = .19; p = .01),
measured by the Temperament Evaluation of Memphis, Pisa,
Paris, and San Diego. Karlen, Frostell, Theodorsson, Faresjo,
and Ludvigsson (2013) did not find associations between mater-
nal distress and child HCC, but their distress assessment was
based on asking three nonvalidated binary questions in a sample
that reported no depression or psychiatric medication use.

Researchers also identified associations between child lev-
els of HCC and maternal variables other than distress. Karlen
et al. (2013) found that maternal HCC in the second and third
trimesters positively correlated with their child’s HCC levels at
1 and 3 years of age (second trimester and 1-year-old child » =
.36, p = .002; second trimester and 3-year-old child r = .25, p =
.033; third trimester and 1-year-old child r = .23, p = .024;
third trimester and 3-year-old child » = .27, p = .007). They
also discovered that higher birth weight (B = .224, p = .020)
and having an inappropriate size for gestational age (f = .231,
p = .017) were positively associated with HCC.

SES and Child HCC

Child HCC was associated with several SES measures. In the
Vaghri et al. (2013) study, parental income was not associated
with HCC, but parental education was (r = —.18; p = .001),
even after controlling for demographic variables and neighbor-
hood clustering. However, Vaghri et al. (2013) sometimes had
low participant response rates (<50%) per neighborhood, as
they attempted to obtain a neighborhood quota sample in Van-
couver. Vliegenthart et al. (2016) found that child HCC was
associated with neighborhood SES (via postal code; B =
—.103, p = .007, 95% CI [—0.179, —0.028]) and parental edu-
cation (specifically maternal education had a correlation value
of r = —.164 [p < .05]). However, Vliegenthart et al. (2016)

reported that the finding regarding parental education was no
longer significant with linear regression. Karlen et al. (2013)
also reported no statistically significant association between
maternal education and HCC. However, in a later study, Karlen
et al. (2015) found that cumulative psychosocial vulnerability
(parental education, parental employment, residence type, and
binary questions on maternal distress and perceived support)
was positively associated with child HCC at 12 months, after
controlling for birth size (fp = .40, p <.001).

Child Stress Measures and Child HCC

Groeneveld et al. (2013) found that child HCC was signifi-
cantly less before the start of school (M = 27.50 pg/mg,
SD = 13.94) than 2 months after school started (M = 30.02
pg/mg, SD = 14.05, d = 0.52) and that HCC was significantly
higher in children who scored “high” on the fearfulness sub-
scale of the Child Behavior Questionnaire Short Form
than those who scored “low,” Pillais F(1, 19) = 4.67, p =
.04, nf) = 0.20. In another paper-and-pencil observation of
child temperament, Palmer et al. (2013) found higher HCC
quartiles associated with higher Brief Infant-Toddler Social
and Emotional Assessment total problem scores (p = .01), with
no difference between Black and White children.

Pooled Child HCC Values With Age, Race,
and Gender/Sex

Collectively, there was high variability in HCC results among
age, race, and gender/sex within the reviewed studies. In regard
to age, we plotted a collection of estimated mean and median
HCC values from each study that reported both age and HCC
values in Figure 2 using Microsoft Excel™ (seven studies).
When plotting these values, we noted that Palmer et al.
(2013) reported a median HCC value of 13.5 ng/mg (13,500
pg/mg), which is an extreme outlier compared to the plotted
results from the other six studies. Instead of reporting HCC as
ng/mg, we suspect that Palmer et al. (2013) meant to report
their HCC values in terms of pg/mg. In regard to race, Palmer
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Figure 2. The variability of hair cortisol concentration (HCC) values
from studies that provided mean age with HCC value (except that
Palmer et al. reported median age and is included here in the chartas a
mean only for visual representation). Each study in the figure used
immunoassay to detect HCC. When age ranges were reported, we
averaged the absolute maximum and minimum (except for the age
range of less than 51 months in Vaghri et al. 2013, as the authors did
not report a minimum age). Palmer et al. (2013) reported a median
HCC value of 13.5 ng/mg (13,500 pg/mg), indicating an extreme outlier
or possibly an error reporting the HCC units. Assuming that Palmer
et al. (2013) intended to report their HCC values in pg/mg instead of
ng/mg, we included the values from that study in pg/mg.

et al. (2013) reported higher HCC in Black compared to White
children (median 16.5 ng/mg vs. 6.6 ng/mg, respectively, p <
.001), and Vaghri et al. (2013) found no significant correlation
between child HCC and the “ethnicity variables” (p. 336) of
Caucasian, Chinese, East Indian, other ethnicities, and mixed.
Researchers found varying evidence for HCC associations with
gender. Dettenborn, Tietze, Kirschbaum, and Stalder (2012)
found higher HCC in male compared to female children, ages
1-9 years, F(1, 51) = 5.304, p = .025; ng = 0.078, although
they reported too little power to detect effects. In five other
studies, researchers found no differences by sex (Groeneveld
et al., 2013; Karlen et al., 2013, 2015; Noppe et al., 2014;
Vaghri et al., 2013); and in three studies, researchers failed
to report on sex associations with HCC (Palmer et al., 2013;
Slominski et al., 2015; Vliegenthart et al., 2016).

Additional Associations With Child HCC

Hair care practices and hair length. In the two studies that aimed
to discover HCC confounders (Groeneveld et al., 2013; Noppe
et al., 2014), researchers discovered that hair care and hair
washing had a nonsignificant effect on HCC. Groeneveld
et al. (2013) measured approximately 5 cm of hair, and Noppe
et al. (2014) measured approximately 3 cm. However, Detten-
born et al. (2012) found that after 6 cm (i.e., the distal third part
of the 9 cm hair segment they sampled), hair had lower cortisol
concentration and HCC was associated with hair washing fre-
quency (p < .335 for the proximal 2/3 segment and p < .008 for
the distal 1/3 segment).

Health-related demographics. In the Karlen et al. (2015) study,
findings revealed increasing odds ratios of different common

childhood illnesses in children with higher HCC. Noppe et al.
(2014) found an association of HCC with waist circumference
(r = .10, p = .04) but not body mass index (BMI) or waist/
height ratio.

Discussion

In this review, we aimed to better understand HCC as a bio-
measure of persistent stress in young children. We generally
found that HCC in young children is elevated with sources of
persistent stress (low SES and maternal distress). We are not
able to provide HCC reference ranges to guide nurse research-
ers on which children may actually be experiencing persistent
stress specifically because there are no known cohort studies
that link early childhood HCC values with adverse health out-
comes later in life. Nevertheless, the reviewed data suggest that
HCC may be a promising biomeasure for nurse researchers to
use to approximate persistent physiologic stress in young chil-
dren, especially because HCC averages fluctuations in cortisol
output from the HPA axis of the developing child, includes
measures of overnight cortisol secretions, avoids the reaction-
ary testing effects that can confound salivary cortisol sampling
(Steudte et al., 2011), and reduces the burden associated with
repeated salivary measures. However, given the heterogeneous
nature of the studies reviewed and the limited concomitant use
of other measures to approximate persistent stress outcomes
(e.g., temperament or behavior) and sources (e.g., SES and
maternal distress within the dyad), our ability to draw specific
inferences from this review is constrained.

As stated above, our main finding is that HCC is elevated in
children who are exposed to hypothesized sources of persistent
stress (i.e., low family SES and/or maternal distress) or who
have perceived poorer temperaments or behavior (i.e., are more
fearful or have socioemotional problems). This finding aligns
with salivary cortisol research in young children but not neces-
sarily with adult HCC research. In adults, HCC may sometimes
be lower with persistent stress, such as in individuals with post-
traumatic stress disorder (PTSD) (Steudte-Schmiedgen et al.,
2015) or generalized anxiety disorder (GAD; Steudte et al.,
2011). We suspect that in early childhood, the HPA axis is still
appropriately secreting more cortisol during stress responses as
opposed to the blunted stress responses that may be associated
with PTSD or GAD in adults. We did not find the latter type of
HPA-axis dysregulation in children between 12 and 60 months
of age in our review.

The lack of diversity in the study samples limits our ability
to draw conclusions about HCC across children from the wide
range of racial and ethnic backgrounds present in the United
States. For example, only one sample was derived from chil-
dren in the United States, while the other studies were con-
ducted in countries with universal health care, which is
associated with better health outcomes (Bradley & Taylor,
2013) and may help reduce SES-related disparities seen more
frequently in the United States. Further, the diversity of the
populations in the United States differs from those in Europe,
and the stress associated with racism in the United States may
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influence HCC levels. In the only study measuring stress in
Black and White children from the United States, Palmer
et al. (2013) found that HCC levels differed between the two
racial groups and that these levels were correlated with differ-
ent measures of maternal distress. These findings imply that the
stress response in these children differs by race and/or that
Black and White children are exposed to different stressors.
The studies in this review also lacked Latino/Hispanic partici-
pants, which limits their applicability to a large and growing
component of the U.S. population.

Despite the heterogeneity of the studies in this review, it is
interesting that only one study found a possible sex difference
in HCC, but that study did not have sufficient power to detect
effects in their young-child subsample (Dettenborn et al.,
2012). It is possible that sex differences in HCC vary by
developmental period. For example, in young children, sex
differences in HCC may not yet be apparent due to low pre-
pubertal levels of sex hormones or, possibly, to parental per-
ception or incomplete socialization regarding how males and
females are “supposed” to respond to stress. Socially suppres-
sing stress may have different biological outcomes as com-
pared to talking about stress. Socialization of stress responses
may also have important implications for understanding the
stress responses among residents of recent-immigrant
enclaves in the United States, who sometimes have better
health than those of acculturated later generations (Alegria
et al., 2008; Schwartz, Unger, Zamboanga, & Szapocznik,
2010).

Another limitation to drawing pooled inferences from this
review is that not all studies concomitantly measured possible
sources or outputs of persistent stress in early childhood. For
example, the racial differences Palmer et al. (2013) found in the
associations of maternal distress measures with HCC cannot be
compared to comparable findings from any other study. In
addition, studies that did measure SES used different variables
to do so, and not all SES measures were associated with HCC
levels. For some of the studies, however, the results involving
SES may have been biased. For example, Vaghri et al. (2013)
were limited in their measure of neighborhood SES in that
neighborhood boundaries are sometimes self-defined and are
not necessarily correlated with city records and they had low
response rates from some neighborhoods, which may have
biased their results.

One way to overcome the limitations of individual measures
of persistent stress in early childhood is to quantify several
variables. This strategy aligns with the methods of Karlen
et al. (2015) who used a novel method to quantify psychosocial
vulnerability and found that the score on this overall psycho-
social vulnerability scale was associated with HCC in early and
later-childhood health. It may be of little surprise, then, that
these authors found a statistically significant relationship
between HCC and psychosocial vulnerability (B = .40, p <
.001) when using this scale yet did not find significant relation-
ships between HCC and individual measures of psychosocial
vulnerability in earlier analyses (Karlen et al., 2013). These
findings suggest that individual risk factors associated with

persistent stress in early childhood may not activate the child’s
HPA axis, but rather it is the accumulation of such risk factors
that may significantly activate and possibly later disrupt regu-
lation of the child’s HPA axis.

Noppe et al. (2014) also had an interesting finding on the
(albeit small) correlation between child HCC and waist circum-
ference but not BMI. This finding may highlight early life
precursors of disease associated with waist circumference, such
as the metabolic syndrome, which is typically associated with
both chronic stress and HCC levels in adulthood (Kuehl et al.,
2015; Stalder et al., 2013). The pathways among early central
adiposity, the HPA axis, and later adverse health call for further
investigation.

Future Directions

Because of nursing’s wide and diverse scope of practice,
nurse researchers are in a unique position to identify children
who are experiencing persistent stress. The biomeasure of
HCC may be an appropriate and relatively easy tool to use
for such identification, yet this review confirms that more
research is needed in order to understand the full potential
of HCC in this context. Because many individual measures
had weak associations with child HCC or demonstrated racial
differences in the reviewed studies, nurse researchers may
need to use multiple types of measures to determine the fac-
tors associated with persistent stress in early childhood and be
able to identify which children may be at risk for stress-
related adverse health outcomes, as in the Karlen et al.
(2015) study discussed above. For example, to understand
HCC associations with SES, nurse researchers should mea-
sure both parent education and parent income. Moreover, they
should measure additional factors already known to be signif-
icantly associated with HCC, including dyad characteristics
(e.g., birth size and pregnancy cortisol levels), age, hair wash-
ing, medication use, health, sex/gender, and waist circumfer-
ence, to improve the quality of their study. Finally, nurse
researchers should consider measuring cortisol in no more
than 6 cm of hair length, as the reviewed studies revealed that
longer lengths may provide less reliable HCC measures.
Improving the quality of HCC research in young children may
eventually help identify HCC reference ranges across multi-
ple attributes, develop sensitivity and specificity data, and
allow the use of HCC to transition from research to clinical
practice.

Conclusions

In this article, we reviewed all known studies that measured
HCC in young, normally developing children from age 12 to 60
months. In general, we found that early childhood HCC is
elevated with sources of persistent stress. We hope this review
will help nurses understand factors associated with HCC and
persistent stress in early childhood, an area of research crucial
for lifelong health.
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