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BACKGROUND: Prior work has found relationships between childhood social adversity and biomarkers of stress, but knowledge
gaps remain. To help address these gaps, we explored associations between social adversity and biomarkers of inflammation
(interleukin-1β [IL-1β], IL-6, IL-8, tumor necrosis factor-alpha [TNF-α], and salivary cytokine hierarchical “clusters” based on the three
interleukins), neuroendocrine function (cortisol, cortisone, dehydroepiandrosterone, testosterone, and progesterone),
neuromodulation (N-arachidonoylethanolamine, stearoylethanolamine, oleoylethanolamide, and palmitoylethanolamide), and
epigenetic aging (Pediatric-Buccal-Epigenetic clock).
METHODS:We collected biomarker samples of children ages 0–17 recruited from an acute care pediatrics clinic and examined their
associations with caregiver-endorsed education, income, social risk factors, and cumulative adversity. We calculated regression-
adjusted means for each biomarker and compared associations with social factors using Wald tests. We used logistic regression to
predict being in the highest cytokine cluster based on social predictors.
RESULTS: Our final sample included 537 children but varied based on each biomarker. Cumulative social adversity was significantly
associated with having higher levels of all inflammatory markers and with cortisol, displaying a U-shaped distribution. There were
no significant relationships between cumulative social adversity and cortisone, neuromodulation biomarkers or epigenetic aging.
CONCLUSION: Our findings support prior work suggesting that social stress exposures contribute to increased inflammation in
children.

Pediatric Research; https://doi.org/10.1038/s41390-023-02992-6

IMPACT: Our study is one of the largest studies examining associations between childhood social adversity and biomarkers of
inflammation, neuroendocrine function, neuromodulation, and epigenetic aging. It is one of the largest studies to link childhood
social adversity to biomarkers of inflammation, and the first of which we are aware to link cumulative social adversity to cytokine
clusters. It is also one of the largest studies to examine associations between steroids and epigenetic aging among children, and
one of the only studies of which we are aware to examine associations between social adversity and endocannabinoids among
children. Clinical Trial Registration: NCT02746393

INTRODUCTION
Social adversity in children is associated with a variety of health
outcomes, including poor overall health, poor dental health, and
social and emotional problems.1–3 Children often experience
multiple social risk factors—such as low family income and
adverse childhood experiences––and cumulative social adversity
experienced during childhood is associated with worse health
outcomes both during childhood and adulthood.2,4–6 Although

social risk factors are related to child health, few studies examine
biological mechanisms linking social adversity exposures and
health, in part because physical manifestations of disease can be
late sequelae. However, recent progress in biomarker develop-
ment has led to new opportunities to understand the biological
pathways through which social adversity contributes to disease
states. Understanding variation in biomarker responses based on
exposure to social adversity may help to develop more targeted
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interventions or predict treatment outcomes. For example, prior
work has shown that elevated levels of inflammatory markers
predict poor response to pharmacologic and behavioral treat-
ments in adults.7,8 Based on the promise of biomarkers, in 2021
the American Academy of Pediatrics updated its policy statement
on trauma-informed care – practicing care by recognizing and
responding to the impact of trauma––noting an “urgent need” for
a battery of biological, behavioral, and contextual markers that
can stratify risks and predict intervention responses.9,10

Social adversity as measured by biological stress activation can
be measured through multiple markers, including markers of
inflammation, neuroendocrine function, neuromodulation, and
epigenetic processes.11 Since stress activation influences multiple
systems, many authors have noted that a compilation of measures
is likely more informative than any single measure. However,
outstanding knowledge gaps about the pathways to health and
both normative and predictive biomarker values have limited their
applications. In this study, we explored associations between
social adversity and biomarkers of inflammation, neuroendocrine
function (steroid hormone production and metabolism), neuro-
modulation (endocannabinoids), and epigenetic aging. We
hypothesized that children experiencing more social adversity
would have higher levels of inflammatory biomarkers, lower levels
of endocannabinoid biomarkers, and accelerated epigenetic aging
when compared to those experiencing less social adversity.

METHODS
Sample and recruitment
We performed a sub-analysis of baseline data of a parallel assignment
randomized clinical trial (NCT02746393) assessing the effects of a family social
needs navigation intervention on pediatric health outcomes.12 Details
describing study procedures have been described elsewhere.12 Briefly, we
recruited caregivers of pediatric patients seen in an urban safety-net acute care
pediatrics clinic in Northern California from July 2016 through March 2019.
Caregiver-child dyads were eligible to participate if they lived in the county of
enrollment, the caregiver was familiar with the child’s household environment,
the caregiver spoke Spanish or English, and the child was between 0–17 years
old. Families were excluded if the child was in foster care, the child was being
seen for concern for physical abuse, or if the dyad had enrolled in a similar
social needs intervention program 6 months prior to or after recruitment.
Trained research assistants approached families at the clinic on weekdays

between 8:30 AM to 5:00 PM to ask if adult caregivers were interested in
participating in the study. Among those who were interested in participating,
we obtained written informed consent from adult caregivers and verbal
assent from children if they were over 7 years old. Research assistants
administered most parts of the baseline survey on tablets using Research
Electronic Data Capture (REDCap). Caregivers filled out one part of the survey
on their own, although they could ask for assistance from the research
assistant. The baseline survey was available in both Spanish and English and
included questions about patient and caregiver sociodemographic character-
istics, family social risks, and families’ priorities about obtaining assistance with
social needs. After the baseline survey and biomarker collection were
completed, families were randomized into one of two intervention arms,
which we will exclude from discussing since we only present baseline data.
Families received a $50 gift card after completing the baseline survey and
allowing for a child biomarker sample collection, which included a buccal
saliva swab and a hair sample. This study was approved by the University of
California, San Francisco Institutional Review Board.

Survey Measures
Caregivers completed the study’s baseline survey about measures of child
health and development as well as family sociodemographic factors,
including the highest caregiver education level and family income. The
survey also asked questions about either the household or child’s social
risks, including topics related to food insecurity, unstable housing, utility
insecurity, difficulty finding a job, difficulty with unemployment insurance,
income support program denial, lack of health insurance, problems with
medical/pharmacy bills, lack of access to afterschool activities, lack of
access to childcare, bullying, adults in the household with mental or
behavioral health issues, transportation needs, and legal problems.

Biomarker Sample Collection, Storage, and Processing
Given prior work showing associations between some biomarkers of
inflammation and childhood adversity, we collected baseline samples from
the children of the following inflammatory markers via saliva: interleukin-
1β (IL-1β), IL-6, IL-8, and tumor necrosis factor-alpha (TNF-α).13,14 We
collected hair samples to quantify the following endocannabinoids,
neurotransmitters that act on cannabinoid receptors in response to
internal and environmental insults and for which evolving evidence
suggests a regulatory role in the stress response: N-arachidonoylethano-
lamine (AEA), stearoylethanolamine (SEA), oleoylethanolamide (OEA), and
palmitoylethanolamide (PEA).15,16 We also collected hair samples to
assess steroid hormones (cortisol, cortisone [an inactive metabolite of
cortisol], testosterone, and progesterone) and their precursor (dehydroe-
piandrosterone [DHEA]), as steroids and their precursors have been found
to have associations with stress.17–24 Finally, using genomic DNA derived
from cheek swab samples, we described genome-wide DNA methylation
and calculated the Pediatric-Buccal-Epigenetic (PedBE) clock of each child.
Epigenetic age as measured by DNA methylation at specific Cytosine-
phosphate-Guanine (CpG) sites across the genome is another potential
indicator of chronic stress exposure.25–27 Epigenetic age acceleration,
increased epigenetic age relative to chronological age, is linked to worse
health outcomes in adults.28 The PedBE clock is a biological marker of
aging based on methylation of 94 specific CpG sites. PedBE-derived
measures of epigenetic age acceleration have been found to be associated
with measures of prenatal adversity.26

We collected oral saliva swabs using SalivaBio ORAL Swabs for children
over 6 months and using SalivaBio Infant’s Swabs for infants younger than
6 months old (Salimetrics, Carlsbad, United States). The saliva samples
were stored at −20 °C before being shipped to the Douglas Mental Health
University Institute (Montreal, Canada), where saliva was aliquoted and
then sent to the Salimetrics Lab and Technology Center (Carlsbad, United
States) for assay. The Salimetrics Lab and Technology Center used a
proprietary enzyme-linked immunosorbent assay (ELISA) method that they
developed to measure cytokines, measuring them in duplicate using a
multiplex assay. We then averaged the two data points per sample.
Steroid hormones and DHEA derived from hair samples were analyzed

using a commercial service––hair samples were shipped to the Biochemical
Laboratory at TU Dresden. Briefly, hair samples were weighed and washed in
isopropranol for 3min at room temperature then quantified using high-
performance liquid chromatography-mass spectrometry. We excluded
samples with non-detectable levels of endocannabinoids or steroids.
Cheekswabs were collected from participants using the iSWAB-DNA-250

collection kit (Mawi DNA Technologies). Genomic DNA from cheek swab
samples was isolated using an automated approach (Qiasymphony,
Qiagen) with DNA concentration and purity assessed using a spectro-
photometer. Genome-wide DNA methylation was described using the
Infinium MethylationEPIC array according to manufacturer’s guidelines.
Signal extraction and DNA methylation data pre-processing (Preprocess-
noob function) were performed using the Minfi package in R. We excluded
samples with genotype concordance < 0.90 and signal intensity outliers
based on control probes. Beta mixture quantile normalization of DNA
methylation data was performed using the ChAMP package. Buccal cell
proportions were derived using a cell-type deconvolution approach and
samples with less than 50% buccal cell content excluded from further
analyses.29 We calculated estimates of epigenetic age using the PedBE
clock as described by McEwen et al., 2020.30

Inflammatory markers, steroids, and endocannabinoids were all
measured in picograms (pg) per milligram (mg). PedBE clock was
measured as a ratio of epigenetic (biological) age to chronological age.

Data analysis
We log-transformed values of inflammatory markers, endocannabinoids,
and DHEA for regression analysis due to their skewed distributions. We
transformed testosterone and progesterone using the inverse of their
square root values due to the skewness of their log distribution. We
additionally created salivary cytokine “clusters” using hierarchical cluster
analysis and Ward’s agglomeration method and based on participant
cytokine data (IL-1β, IL-6, and IL-8), log-transformed and adjusted for
gender and age at collection. This allowed us to categorize participants
into one of three clusters based on their aggregate cytokine levels (low,
middle, high), with the high cluster representing overall higher cytokine
values and a higher burden of inflammation. For cluster creation, we
also excluded cytokine values with a coefficient of variation higher or equal
to 15% to be consistent with previously described methods.31
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For PedBE clock analysis, we performed a linear regression predicting
epigenetic age based on child chronological age in years and then
subtracted the child age in years from the residual predicted from the
regression. The resultant value represented how many years older (if the
value is positive) or younger (if the value is negative) epigenetic age is
compared to chronological age. We excluded values of biomarkers that fell
outside three standard deviations of the transformed variables.
We examined associations between each biomarker and the following

social factors, which we categorized into approximate quartiles for analysis:
highest caregiver education (less than high school, some high school, high
school, more than high school), income of the sample ($0–$5 K per year,
$5001-$15 K per year, $15,001-$25 K per year, and $25,001 or more per
year), and sum of the aforementioned social risk factors collected in the
baseline survey as described above (0–1 social risk, 2–3 social risks,
4–6 social risks, 7 or more social risks). Additionally, we constructed a
cumulative social adversity variable that assigned one point each for the
following: caregiver education less than high school, lowest income group,
highest social risk group.
We excluded participants with no biomarker data and missing age or

gender data. We calculated regression-adjusted means adjusting for age
and gender for each biomarker and compared values by education,
income, social risks, and cumulative social adversity using Wald tests. We
collapsed participants with a score of 2 or 3 on the cumulative social
adversity score due small sample size. For analyses involving PedBE clock,
we also adjusted for relevant technical factors (i.e., batch number). We
used logistic regression to predict being in the highest cytokine cluster
based on the same social predictors while adjusting for patient age and
gender. To account for the interaction between biomarkers and illnesses
that cause an inflammatory response, we performed a sensitivity analysis
of the above Wald tests and logistic regressions additionally adding a
dichotomous variable coding for diagnoses related to infection or
inflammation as derived from the acute care visit ICD codes. Supplemen-
tary Table 1 lists patient ICD codes and whether they were coded as
infectious, inflammatory, or neither. As an additional sensitivity analysis, we

included a child race and ethnicity variable to the initial Wald tests and
logistic regression models (Black non-Hispanic, Hispanic, other race non-
Hispanic, and White non-Hispanic).
Significance was set at a P-value of less than 0.05. We also conducted

significance tests using the Bonferroni correction method, although we
discuss results based on a P-value of 0.05 in the Discussion section.
Analyses were performed from July 2021 to December 2022 using Stata
version 17.0 (Stata Corp, College Station, TX).

RESULTS
Of 622 dyads recruited for the study, our final analytic sample
included data from 537 participants because of either missing
data or because the caregiver was not the child’s mother, father,
or step-parent (Fig. 1). The average age of child participants was
6.3 years, and the majority of children were female, Hispanic, and
in either excellent or very good health (Table 1). Most caregivers
were between the ages of 25–44 and spoke Spanish (Table 1). Just
over half of the sample’s caregivers had a high school degree or
more. The average number of social risks per family was 4.3. 47.7%
of the sample had a cumulative social adversity score of 0, 37.4%
had a score of 1, and 14.9% had a score of 2–3 (Table 1).

Associations between biomarkers and individual social factors
We excluded our analysis of testosterone due to a small sample
size of eligible samples (N= 73).
Regression-adjusted means revealed associations between

parent education and child biomarkers of inflammation: increased
parental education was associated with decreased levels of
inflammatory markers. While these associations were not sig-
nificant between parent education and both IL-8 and TNF-α, they

Children randomized with initial
data collection

Exclusion #1:

Age, gender, social risk, education, or
income data missing

N = 622

N = 63

Exclusion #2:

Missing all biomarker data

N = 22

N = 537

N = 559

Fig. 1 CONSORT Diagram of Participants Included in Study.
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were significant between parent education and both IL-1β
(P= 0.043) and IL-6 (P= 0.017). Parent education was also
significantly associated with AEA (P < 0.001), although the
association was non-linear; those with some high school educa-
tion had the highest levels of AEA. Parent education was also
significantly related to OEA; those with more education had lower
levels of OEA (P= 0.039). Finally, parent education was associated
with PedBE clock (P < 0.001). Similar to the relationship between
parent education and AEA, the relationship between PedBE clock
and education was non-linear: those with parents with some high
school education had the lowest epigenetic age compared to
chronological age. There were no other significant associations
between biomarkers and parental education (Table 2). There were
no significant associations between social variables and inflam-
matory cluster (Table 3).
There were few associations between biomarkers and either

household income or social risks. One exception was SEA, which
showed a U-shaped association: those from the middle two
income groups had higher SEA values than those with the highest
or lowest income (P= 0.013). The other exception involved IL-1β,
which was significantly associated with social risks (P= 0.028).
Households experiencing either the fewest or most social risks had
higher values of IL-1β compared to those with the middle two
categories of social risks (Table 2).

Associations between biomarkers and cumulative social
adversity
Cumulative social adversity was significantly associated with IL-1β
(P < 0.001), IL-6 (P= 0.001), IL-8 (P= 0.003), TNF-α (P= 0.006), and
cortisol (P= 0.045). For all inflammatory markers, those with a
cumulative social adversity score of 0 had lower levels of
inflammatory markers than those with scores of 2 or 3. Those
with a cumulative social adversity score of 1 had a higher average
level of cortisol than those with a score of 0 or 2-3. There were no
significant relationships between cumulative social adversity and
cortisone, endocannabinoids, nor PedBE clock (Table 2). Cumula-
tive social adversity was also significantly associated with being in
the high inflammatory cluster. Those with a cumulative social
adversity score of 2-3 had greater odds of being in the high
inflammatory cluster compared to those with a score of 0 (odds
ratio 2.27, 95% confidence interval 1.18–4.38, P= 0.014).

Sensitivity analyses
Results from sensitivity analyses adjusting for inflammatory
conditions were largely unchanged (Tables 4 and 5). In sensitivity
analyses adjusting for race and ethnicity the relationship between
caregiver education and child OEA (P= 0.218) and between child
cortisol and cumulative adversity (P= 0.123) became not statis-
tically significant (Supplementary Table 2). Otherwise, results did
not change substantially when adjusting for race and ethnicity
(Supplementary Tables 2 and 3).

DISCUSSION
We found statistically significant associations between cumulative
social adversity and inflammation in children as measured by
multiple cytokines. Children experiencing more social adversity
had higher levels of several inflammatory markers. We found few
significant associations with specific types of social adversity (only
parental education). Our findings strengthen prior work showing
that adversity is related to elevated inflammatory markers among
children and, moreover, that more adversity is related to increased
odds of worse health.2,3 They also support the rationale for clinical
activities focused on identifying social adversity and addressing
social needs.32 To our knowledge, this is one of the few studies to
demonstrate associations between cumulative social adversity
and cytokine measures, and the only study showing relationships
between social adversity and cytokine clusters. Our findings are in

Table 1. Characteristics of the Sample.

%, unless otherwise noted, N = 537

Child age, mean (standard deviation) 6.3 (5.0)

Child gender

Female 52.9

Male 47.1

Child race/ethnicity

Hispanic 78.0

Non-Hispanic Black 9.5

Non-Hispanic White 3.0

Other race/ethnicity 9.5

Baseline health status (N = 536)

Fair/poor 10.8

Good 39.6

Very good 28.5

Excellent 21.1

Caregiver age (N = 533)

18–24 10.5

25–34 38.5

35–44 39.4

45 and older 11.6

Caregiver gender

Female 89.6

Male 10.4

Caregiver race/ethnicity

Hispanic 80.8

Non-Hispanic Black 9.7

Non-Hispanic White 3.2

Other race/ethnicity 6.3

Caregiver language

Spanish 70.2

English 29.8

Caregiver relationship to child

Mother or father 97.0

Other 3.0

Caregiver education

Less than 8th grade 24.8

Some high school 24.2

High school graduate or GED 27.9

Some college/college graduate/more 23.1

Income quartile

Lowest 22.5

2nd 24.4

3rd 23.7

Highest 29.4

No. of social risks, mean (standard
deviation)

4.3 (3.2)

Cumulative social adversity score

0 47.7

1 37.4

2–3 14.9

N = 537 unless noted otherwise.
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line with two systematic reviews and meta-analyses on associa-
tions between early adversity and inflammatory markers in
children and adolescents that described associations between
childhood adversity and inflammation as measured by elevated
C-reactive protein (CRP) and IL-6, although in the review the
association with IL-6 did not reach significance.13,14 One of the
studies concluded that evidence supporting these associations is
limited by the paucity of studies and the heterogeneity of
methods.14

We also found that child cortisol was associated with
cumulative social adversity: children with a cumulative social
adversity tally of 1 had a higher average log cortisol than those
with a cumulative adversity tally of 0 or 2-3 social risk factors.
Those with a tally of 0 likely have lower levels of cortisol than
those with 1 due to less exposure to social adversity. Prior work
has shown that levels of cortisol are different in children
experiencing social adversity—sometimes higher and sometimes
lower—than in children not experiencing social adversity.17 This
finding has been attributed to differences in acute versus chronic
stress exposure, with those experiencing acute stressors having
higher levels of cortisol or cortisone.18 Those with multiple social
risk factors may experience blunting effects, whereby the capacity
of the hypothalamic-pituitary-adrenal (HPA) axis to reduce to
acute stressors is impaired, leading to decreased cortisol produc-
tion, and subsequently, lower levels of cortisol than those with
fewer social risk factors.19 Our finding that children with 2 or more
cumulative social adversities had lower cortisol levels than those
with a cumulative social adversity tally of 1 aligns with the
possibility of those experiencing chronic stress experiencing
blunting effects of the HPA axis. Future studies should assess
both social adversity and cortisol at multiple timepoints to clarify
the pathway from cumulative social stress to disordered biological
stress response.
In contrast to several prior studies that have shown either

elevated cortisone or decreased cortisone in the setting of
stress,33–35 we found no significant relationships between specific
types of social adversities and cortisone, although we did find a
borderline significant association between cumulative social
adversity and cortisone (P= 0.062): cortisone decreased as
cumulative social adversity increased. This finding is consistent
with theories about the HPA axis blunting effects on cortisol and
cortisone production in the setting of chronic stress. As an
example, Muenter et al. (2021) found that children who witnessed
their fathers being arrested were more likely to have acutely high
cortisol and cortisone levels, but that children with ongoing
behavioral stress symptoms (a proxy for more chronic stress
exposure) had lower cortisol and cortisone levels.35

Besides cortisol and cortisone, other steroids were not
consistently associated with either specific or cumulative social
adversity. Our null DHEA findings contrast with prior work
showing that prolonged stress is associated with lower levels of
DHEA in adults.36 Our null progesterone findings support some
prior work among children, and are in contrast to work conducted
among adults.22,24 In summary, there have been mixed findings
about the relationship between steroids and social adversity. Our
study contributes one of the largest studies of the relationship
between stress and steroids among children of which we are
aware, although larger and more diverse samples are needed to
understand the complex relationship between steroids and both
acute and chronic stress exposure.
We did not find consistent associations between endocanna-

binoids and either specific or cumulative social adversity,
suggesting that social adversity may not influence the stress
response via these neurotransmitters as strongly as through other
mechanisms. This is contrary to our hypothesis, which we
developed based on prior work demonstrating that in an animal
model, mice experiencing early adversity generally had lower
levels of endocannabinoids compared to those not experiencingTa
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adversity.37 It is worth noting that a small study of unaccompanied
refugee minors showed inconsistent associations between endo-
cannabinoids and stress exposure, which, paired with our results,
may indicate that endocannabinoids may not be the most
sensitive biomarker of childhood adversity.38 While this is one of
the only studies of which we are aware to study associations
between social adversity and endocannabinoid levels among
children, more extensive work is needed to determine whether
endocannabinoids are sensitive to social adversity exposure.
We also did not find a consistent association between PedBE

clock and select or cumulative social adversity, suggesting that in
children, social stress may not be reflected by changes in this
biomarker. This is one of the few studies to assess the relationship
between PedBE clock and social adversity among children. Our
lack of significant associations related to PedBE may be in part due
to the broad age range of our sample. While we did adjust for age
in our analyses, it is possible that the PedBE clock operates
differently based on different age ranges. Our findings may also
be partly due to homogeneity of the sample, as participants were
recruited from a single urgent care clinic that only serves patients
who are publicly insured or uninsured (often proxies for low-
income). It is possible in a more socially heterogenous sample we
might have found significant associations between social risk
factors and a range of biomarkers. Alternatively, PedBE clock age
may not be as sensitive an epigenetic marker of social adversity as
alternatives that measure the pace of aging, such as the
DunedinPoAm approach. For instance, Raffington et al. (2021)
found that while social adversity (in that study measured by
neighborhood-level factors) was not related to DNA methylation
age, it was associated with faster pace of aging.39

Our findings that inflammatory markers and certain steroids are
associated with cumulative social adversity supports enthusiasm
from groups like the American Academy of Pediatrics around
using noninvasively collected biomarkers to inform clinical care.40

However, healthcare systems are not consistently using biomar-
kers to inform treatment and management decisions. But as the

science improves, the usefulness of biomarkers is likely to
increase. For instance, a recent spate of healthcare initiatives has
focused on social risk screening and referrals to social services in
the context of clinical encounters; some have argued that there is
limited evidence on the health benefits of these activities.41 Our
work indicates that these types of social risk screening and
intervention protocols might especially benefit children with
diseases exacerbated by inflammation and could potentially be
measured using relevant biomarkers. For example, a recent study
of children with childhood arthritis showed an association
between cumulative social adversity and severity of disease, and
is consistent with our data showing positive associations between
cumulative social risk and inflammatory markers.42 Our work also
suggests that when biomarker results can inform clinical care, it
may be helpful to collect samples from children at highest risk of
having results at the extremes, such as those experiencing chronic
and cumulative social adversity. Just as policies have been
implemented to encourage screening for social adversity through
reimbursements or requirements, as biomarkers become more
clinically meaningful to informing care, policies incentivizing stress
biomarker screening among those most at risk for extreme values
could encourage clinical practice change.41,43–46

Clinical teams’ awareness of patients’ social circumstances also
can facilitate changes to medical care that reduce barriers to
care.47 As the biological pathways between social adversity and
specific health outcomes are elucidated, more information will
emerge about effective social risk care adjustments. As just one
example, we see socioeconomic disparities in sepsis outcomes.
Evidence suggests avoiding steroid administration48 unless
patients are on chronic steroids or have a corticosteroid-related
endocrinopathy. But if chronic stress-related exposure to internally
produced steroids like cortisol similarly affects the adrenal gland’s
response to sepsis, children experiencing chronic stress may
benefit from steroids in certain cases (although this would need to
be studied carefully before trialing it). To clarify relationships
between social stress, biomarkers, and clinical outcomes, future
studies involving cytokine and steroid responses to disease should
measure both individual types and cumulative levels of social
adversity and how they may affect different disease processes.

Limitations
Our study findings should be interpreted in light of several key
limitations. First, the research is based on data from a cohort of
patients from a single urban safety net clinic. It is possible that
with a more socioeconomically diverse sample, we would have
seen stronger associations between social adversity and biomar-
kers of disease. Second, our measures of social adversity and
biomarkers were collected cross sectionally, which means we can
only look at associations between these variables. We are not able
to assess how changes in social adversity or chronic stress
exposure may causally influence biomarker outcomes. Under-
standing timing and chronicity of adversity exposure will be
important to future work, as O’Connor et al.49 found differences in
the association between adversity and CRP when measured at
different timepoints in childhood.49 Additionally, while our study
included the measurement of many biomarkers, there are many
others which we did not measure that could shed light on the
relationship between adversity exposure and health outcomes
among children. For example, prior work suggests that cumulative
social adversity in childhood is associated with levels of
glycoprotein acetyls, biomarkers considered to reflect cumulative
inflammation.49 Also, while we did collect information on many
social factors, similar to our biomarker collection, our social factor
information was not exhaustive. There are other social factors such
as caregiver partner/marital status and adverse childhood
experiences that may show relationships with the biomarkers
we measured and should be considered for collection in future
work. Finally, although our study represents one of the larger

Table 3. Logistic Regressions Predicting Being in the High
Inflammatory Cluster by Social Adversity

Social Variable, N = 449 OR (95% CI) P-value

Education

<High School 1.27 (0.62–2.57) 0.513

Some HS 0.79 (0.36–1.71) 0.544

High School 0.83 (0.40–1.72) 0.610

>High School Ref –

Income

$0–$5K 0.91 (0.43–1.92) 0.809

$5001–$15K 0.82 (0.39–1.69) 0.583

$15,001-$25K 1.52 (0.77–3.00) 0.222

$25,001 or more Ref –

Social Risks

0–1 1.51 (0.73–3.10) 0.263

2–3 0.54 (0.24–1.19) 0.124

4–6 0.82 (0.39–1.70) 0.592

7 or more Ref –

Cumulative Social Adversity

2–3 2.27 (1.18–4.38) 0.014*

1 0.83 (0.46–1.51) 0.539

0 Ref –

*Significant.
OR Odds ratio, CI Confidence interval.

M.S. Pantell et al.
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studies of the association between social adversity and biomar-
kers, we are still limited by our sample size, especially given the
age range of our sample.

Conclusion
In a cohort of over 400 children, we found that higher cumulative
social adversity was associated with increased levels of inflamma-
tion and decreased levels of cortisol. Our findings support prior
work suggesting that social stress exposures contribute to
increased inflammation in children. Future work should closely
explore the multiple pathways between social stress, the
physiologic response, and health outcomes.
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Table 5. Logistic Regressions Predicting Being in the High
Inflammatory Cluster by Social Adversity, Adjusting for Inflammatory
Conditions.

Social Variable, N = 449 OR (95% CI) P-value

Education

<High School 1.27 (0.62–2.57) 0.513

Some HS 0.79 (0.36–1.71) 0.545

High School 0.83 (0.40–1.72) 0.610

>High School Ref –

Income

$0–$5K 0.91 (0.43–1.92) 0.807

$5001–$15K 0.82 (0.39–1.69) 0.586

$15,001–$25K 1.53 (0.39–3.0) 0.221

$25,001 or more Ref –

Social Risks

0–1 1.51 (0.73–3.10) 0.263

2–3 0.54 (0.24–1.19) 0.124

4–6 0.82 (0.39–1.70) 0.593

7 or more Ref –

Cumulative Social Adversity

2–3 2.27 (1.18-4.38) 0.014*

1 0.83 (0.46–1.51) 0.540

0 Ref –

*Significant.
OR Odds ratio, CI Confidence interval.
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