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Abstract
Research has demonstrated links between adult romantic attachment and one’s own physical health; little is known about links
between adult attachment orientations and offspring health. Prior work has shown that parents’ greater attachment anxiety and
avoidance predict less warmth toward their children. Extensive work has also shown that lower maternal warmth has negative
downstream effects on offspring health. We tested the novel hypothesis that mothers’ dispositional romantic attachment would
be linked—via maternal warmth—to their children’s expression of the glucocorticoid receptor gene NR3C1, higher expression of
which is associated with healthier stress regulation and inflammatory response. In a sample of 132 youth with asthma, we found
that mothers’ attachment anxiety and avoidance were both negatively associated with children’s expression of NR3C1, explained
by lower youth-rated maternal warmth. Associations held after adjusting for demographic and psychosocial covariates. Implications for parents’ attachment influencing the health of offspring are discussed.
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attachment, maternal warmth, gene expression, glucocorticoid receptor, NR3C1, family

Parents leave a lasting imprint on their offspring, and recent
work has shown that individual differences in parents’ romantic attachment orientations (Adam, Gunnar, & Tanaka, 2004)
and expressions of warmth (Chen, Miller, Kobor, & Cole,
2010) predict important health-related outcomes in their offspring. Research has demonstrated links between adult
romantic attachment and one’s own physical health (for
reviews, see Farrell & Simpson, 2017; Pietromonaco & Powers, 2015; Stanton & Campbell, 2014a); however, little is
known about the links between adult attachment and the
molecular mechanisms underlying the health of offspring.
Advancing attachment theory and the emerging field of social
genomics (cf. Slavich & Cole, 2013), the present study tested,
in a sample of youth with asthma, the hypothesis that mothers’
dispositional romantic attachment anxiety and avoidance
would be linked with their children’s expression of the glucocorticoid receptor gene NR3C1, a gene believed to play an
important role in stress regulation and glucocorticoid resistance (Bamberger, Schulte, & Chrousos, 1996; Bray & Cotton, 2003; Carpe et al., 2010), and explored maternal
warmth as a putative mediator of this association.
According to Bowlby (1980), the attachment system encompasses patterns of cognition, emotion, and behavior that shape
interpersonal experiences ‘‘from the cradle to the grave’’

(p. 129). Internal working models of attachment develop in early
childhood and endure through adulthood (Fraley & Roisman,
2015; Simpson, Collins, Farrell, & Raby, 2015). Individual
differences in attachment occur along two theoretically distinct
dimensions (Fraley, Waller, & Brennan, 2000): Attachment
anxiety reflects how much individuals worry and ruminate in
their relationships (e.g., those scoring higher on attachment
anxiety crave love while simultaneously doubting others’
intentions; Collins, 1996). Conversely, attachment avoidance
reflects how uncomfortable individuals are with intimacy
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and dependence in their relationships (e.g., those scoring
higher on attachment avoidance express less warmth and are
less invested in relationships; Mikulincer & Shaver, 2003).
Persons scoring lower on attachment anxiety or avoidance
are secure in their relationships, meaning they are not preoccupied with rejection or abandonment and are comfortable
with closeness.
Recent research has demonstrated increasing evidence for
links between individual differences in one’s own attachment
orientations and health-related outcomes. Specifically, more
insecurely attached persons (i.e., those scoring higher on
attachment anxiety, avoidance, or both) experience poorer
health (see Farrell & Simpson, 2017; Pietromonaco & Powers,
2015; Stanton & Campbell, 2014a). For instance, both higher
attachment anxiety (Jaremka et al., 2013) and higher attachment avoidance (Picardi et al., 2013) are linked to alterations
in cellular immunity (e.g., T cells). Insecure attachment is also
linked to increased pro-inflammatory cytokines during conflict
discussions (Gouin et al., 2009) and heightened cortisol reactivity to stressors (Powers, Pietromonaco, Gunlicks, & Sayer,
2006; Quirin, Pruessner, & Kuhl, 2008). Additionally, one
study found that one’s attachment orientations in infancy predicts susceptibility to inflammatory diseases 32 years later
(Puig, Englund, Simpson, & Collins, 2013). These studies provide evidence for links between attachment and one’s own
health; however, extant research leaves unanswered the important question of whether adult attachment is linked to the health
of offspring.
Not only does research suggest that individual differences in
attachment are meaningfully associated with health-related
outcomes, but these individual differences also predict parents’
expression of warmth toward their children (e.g., Adam et al.,
2004; Cohn, Cowan, Cowan, & Pearson, 1992; Jones, Cassidy,
& Shaver, 2015). For example, more insecurely attached parents tend to be less warm and provide less structure in interactions with their children (Cohn et al., 1992). Diminished
expression of warmth appears to exert detrimental effects on
both the quality of the insecurely attached parents’ relationships with their children and more distal child outcomes.
Indeed, children of parents who are less warm have more behavior problems (Kochanska & Kim, 2013) and less social and
academic competence as they age (Raby, Roisman, Fraley, &
Simpson, 2015). Moreover, compared to those who experience
greater maternal warmth, youth who experience lower maternal
warmth have poorer physical health outcomes later in life
(Chen et al., 2010; Miller, Lachman, et al., 2011). Guided by
this research, we propose that more insecurely attached mothers’ tendency to eschew expressions of warmth has potentially
deleterious effects on their offspring at a molecular level.
Researchers have begun to uncover the molecular mechanisms underlying the links between social relationships and
health, paying specific attention to the social correlates of
health-relevant gene expression and the downstream effects
of gene expression on health outcomes (Cole et al., 2007; Slavich & Cole, 2013). The glucocorticoid receptor gene NR3C1
is viewed as an important modulator of one’s inflammatory
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response and capacity for stress regulation (e.g., Bet et al.,
2009). Lower expression of NR3C1 has been proposed as a
mechanism for glucocorticoid resistance, whereby the body’s
cells are unable to receive signals to terminate the inflammatory response (Carpe et al., 2010). In turn, chronic overactivation of the inflammatory response increases susceptibility to
illness over time (Bray & Cotton, 2003; Cohen et al., 2012;
McMahon et al., 2010). Glucocorticoid resistance is particularly problematic for those with asthma, a chronic inflammatory disease of the airways, making expression of NR3C1
important to study (see Barnes & Adcock, 2009; Miller &
Chen, 2006). Prior studies have linked greater life stress (Miller
& Chen, 2006) as well as targeted rejection (Murphy, Slavich,
Chen, & Miller, 2015) with lower expression of the glucocorticoid receptor gene measured in the blood of youth with
asthma. Other research has found associations between greater
childhood abuse and lower levels of glucocorticoid receptor
gene expression measured in the brain of suicide victims
(McGowan et al., 2009). Additionally, it appears that lower
expression of the glucocorticoid receptor gene may be related
to greater glucocorticoid resistance (Carpe et al., 2010), which
may play a later role in asthma complications or morbidity
(cf. Meduri & Yates, 2004). Given empirical evidence suggesting that lower maternal warmth predicts greater stress
reactivity and susceptibility to chronic diseases later in life
(Hackman et al., 2013; Hostinar, Sullivan, & Gunnar, 2014;
Miller, Chen, & Parker, 2011), in combination with evidence
suggesting that adverse childhood experiences (e.g., abuse)
correlate with lower glucocorticoid receptor gene expression
(McGowan et al., 2009), it seems possible that lower maternal
warmth may be associated with lower expression of NR3C1
in offspring.
Prior research makes a compelling case for associations
between (a) mothers’ attachment and their offspring’s outcomes and (b) maternal warmth and offspring health, suggesting that mothers’ attachment and maternal warmth may result
in downstream effects in offspring’s health-relevant molecular
pathways. However, to date no studies have systematically
explored this possibility. The current study investigated how
expression of the glucocorticoid receptor gene NR3C1, a key
mechanism in the inflammatory response, is associated with
mothers’ adult attachment orientations and maternal warmth.
Data for this study were collected from a sample of youth with
asthma. Since asthma is a chronic inflammatory disease, and
standard asthma treatment is often inhaled glucocorticoids,
examining NR3C1 expression in this population is especially
relevant. We hypothesized that mothers’ greater attachment
anxiety and avoidance would be associated with lower
expression of NR3C1 in offspring and that this relation would
occur via lower levels of youth-rated maternal warmth. In
other words, mothers’ greater insecure attachment would be
linked to lower maternal warmth, which in turn would be
linked to lower expression of NR3C1. In ancillary analyses,
we controlled for covariates associated with NR3C1 gene
expression (i.e., demographic factors and mothers’ neuroticism and depressive symptoms). The psychosocial factors
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were included to rule out a key potential confound—general
negativity among mothers—which could explain the associations between mothers’ attachment orientations and offspring’s NR3C1 expression.

Method
Participants
Participants were drawn from Wave 1 of a larger longitudinal
project, Asthma in the Lives of Family Today (ALOFT), a
study of youth with asthma and their primary caregivers. Youth
were recruited through metropolitan Detroit, Michigan hospitals, clinics, and area schools. Families were eligible for the
study if youth were between the ages of 10 and 17 with a diagnosis of mild intermittent to severe persistent asthma. Families
were excluded from participating in the study if their child was
using oral steroid medication(s) during the initial screening,
had a diagnosis of a chronic condition other than asthma
(e.g., endocrine disorders, immunodeficiency, cardiovascular
disease), or a diagnosis of a medical condition that may interfere with immune system function (e.g., pregnancy, chemotherapy, or radiotherapy in the past year). A sample of 194 families
was recruited; data collection stopped at 194 families based
on analyses indicating that this sample would have sufficient
power to test main effects of social/health processes with effect
sizes ranging from small to medium.
Given the small number of male caregivers in our study
(<5%), the current analyses included only youth whose primary
caregivers were mothers. Youth without gene expression data
(because of, e.g., failed blood draw or assay-related problems)
were not included in the current study, leaving a final sample of
132 participants (Mage ¼ 12.78, SDage ¼ 1.88). Approximately
18.9% of youth identified as White; 77.3% identified as Black,
1.5% identified as Latino, and 2.3% identified as multiracial.
Annual maternal income ranged from the US$0–US$7,825 tax
bracket, to the US$97,926–US$174,850 tax bracket, with a
median range of US$7,826–US$31,850. Parents who were currently romantically involved reported their romantic relationship
length, which ranged from 1.42 to 33.25 years (M ¼ 16.09, SD ¼
7.87). Asthma diagnosis was confirmed through medical report;
in the current sample, 29.9% of youth were diagnosed with
severe asthma, 35.1% of youth were diagnosed with moderate
to severe asthma, 11.7% of youth were diagnosed with mild to
moderate and moderate asthma, and 23.4% were diagnosed with
mild intermittent to mild persistent asthma. We also obtained
asthma medication use across 4 days of the study period. Specifically, we assessed (1) inhaled b-agonist use (yes/no), (2)
inhaled corticosteroid use (yes/no), (3) inhaled combination
corticosteroid and b-agonist use (yes/no), (4) oral corticosteroid use (yes/no), and (5) leukotriene-modifying agent use
(yes/no). We then created a dichotomous variable to represent
asthma medication use (yes/no). If youth had a value above 0
for any of the five types of asthma medication, they were
given a ‘‘yes’’ score on the dichotomous variable; otherwise,
they received a ‘‘no’’ score on the dichotomous variable.
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Procedure
Written assent and consent were obtained from the participating
youth and their caregiver(s) during a baseline laboratory visit. As
part of this initial session, participants completed a series of
questionnaires, including the caregivers’ report of romantic
attachment orientations and the youth report of maternal
warmth. A peripheral blood draw was conducted on each youth
after a 4-day diary data collection period. For their participation,
caregivers received up to US$100.00 in cash and youth received
up to US$60.00 in gift cards depending on how much of Wave 1
of the study they completed. All study procedures were approved
by the institutional review board at Wayne State University.

Primary Measures
Mothers’ attachment anxiety and avoidance. Mothers’ romantic
attachment orientations were assessed with the 36-item Experiences in Close Relationships–Revised Scale (ECR-R; Fraley
et al., 2000). Attachment anxiety was measured with 18 items
that tap into respondents’ fear of rejection and abandonment by
close others (e.g., ‘‘I worry that romantic partners won’t care
about me as much as I care about them’’). Attachment avoidance was measured with 18 items that reflect respondents’ discomfort with intimacy in close relationships (i.e., ‘‘I prefer not
to show a partner how I feel deep down’’). Participants indicated their agreement with each statement on a scale of
1 (strongly disagree) to 7 (strongly agree). Anxiety and avoidance scores were created by averaging responses across the
18 items of the two subscales such that higher scores indicated
greater attachment anxiety (a ¼ .93) and avoidance (a ¼ .94).
Youth-rated maternal warmth. Youth perceptions of closeness
and warmth in their relationship with their mothers were
assessed with 23 items from the Parental Behavior Inventory
(PBI; Schaefer, 1965). The PBI is designed to assess youth perceptions of parental behavior through descriptions of specific,
observable behaviors; in the current study, we examined items
focusing on expressions of maternal warmth (e.g., ‘‘My mother
(or female guardian) shows love for me’’). Youth rated their
agreement with each item on a scale of 1 (agree) and 3 (disagree). Maternal warmth scores were computed by averaging
responses across items such that higher scores indicated greater
youth-reported maternal warmth (a ¼ .95).
Youth NR3C1 gene expression. Blood was drawn Mondays,
Tuesdays, and Wednesdays between 7:00 a.m. and 10:00
a.m. (most commonly at 7:00 a.m. before the children went
to school). Each youth provided up to 6 ml of peripheral blood
collected into Vacutainer Cell Preparation Tubes containing
K2 EDTA (Becton Dickinson and Co., East Rutherford, NJ).
In order to assess messenger RNA (mRNA) levels of the glucocorticoid receptor gene NR3C1, total RNA was extracted from
peripheral blood using the LeukoLOCK Total RNA Isolation
System, following the manufacturer’s protocol (Life Technologies, Grand Island, NY). RNA integrity was assessed on an
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gene expression. Mothers’ depressive symptoms were assessed
with the Center for Epidemiologic Studies Depression Scale
(Radloff, 1977), which asks participants to rate the extent to
which they have experienced various symptoms of depressed
affect and behavior during the past week (e.g., ‘‘I felt that
everything I did was an effort’’). Mothers indicated the frequency to which they experienced each symptom on a scale
from 0 (rarely or none of the time) to 3 (most of or all the time).
A total depressive symptoms score was computed for mothers
who provided valid answers on at least 16 of the 20 items for
the scale by summing responses to the items such that higher
scores indicated greater depressive symptoms (a ¼ .88).

Statistical Analysis Strategy and Potential Covariates

Figure 1. N ¼ 132 youth. Histogram of youth NR3C1 relative
expression.

Agilent Bioanalyzer and only samples with RIN  6.0 were
included in the study. Total RNA was reverse transcribed to complementary DNA using SuperScript III kit (Life Tech), following
the manufacturer’s protocol. Gene expression was quantified
using TaqMan gene expression assays (Applied Biosystems) on
an Applied Biosystems 7500-FAST or StepOnePlus real-time
PCR thermocycler, following manufacturer’s protocol. Average
CT values were calculated for NR3C1 and the endogenous control
(18S rRNA) across three experimental replicates for each sample.
For each sample, the coefficient of variation across replicates was
less than 20%. Relative gene expression values (in CT units) for
NR3C1 in each sample were normalized to the endogenous control and expressed as DCT values. A histogram of youth NR3C1
relative expression is shown in Figure 1.

Covariate Measures
Mothers’ neuroticism. Mothers’ dispositional neuroticism was
included as a covariate to rule out effects of maternal attachment orientation on NR3C1 expression as a result of broader
personality characteristics (e.g., highly neurotic people reporting greater levels of attachment anxiety and/or avoidance).
Mothers’ neuroticism was assessed with the 8-item subscale
from the Big Five Inventory (John, Donahue, & Kentle,
1991) that taps into respondents’ views that they are someone
who experiences negativity (e.g., ‘‘is emotionally stable, not
easily upset,’’ reverse scored). Mothers rated the extent to
which each trait description applied to them on a scale from
1 (disagree strongly) to 5 (agree strongly). Neuroticism scores
were computed by averaging responses across items such that
higher scores indicated greater neuroticism (a ¼ .83).
Maternal depressive symptoms. We similarly included maternal
depressive symptoms as an additional potential confound of the
links between maternal attachment orientation and NR3C1

We tested a number of covariates based on their a priori potential to influence our variables of interest; in particular, we
tested the demographic covariates of youths’ gender (0 ¼ male,
1 ¼ female), youths’ ethnicity (0 ¼ White, 1 ¼ non-White),
mothers’ education (0 ¼ less than 1 year of college, 1 ¼ 1 year
of college or more), mothers’ relationship status (0 ¼ not in
relationship, 1 ¼ in relationship), youths’ and mothers’ age, and
youths’ medication use (0 ¼ no, 1 ¼ yes), as well as the psychosocial covariates of mothers’ neuroticism and depressive symptoms.
To address potential analytic problems related to missing
data, we used the expectation maximization algorithm, which
provides unbiased parameter estimates and improves statistical
power of analyses (Enders, 2001; Scheffer, 2002), to replace
missing values. All variables with missing data were continuous except for medication use, which was dichotomous. The
expectation maximization algorithm does not allow value
replacement for dichotomous data, and therefore we used mode
replacement to replace those missing values.
We first explored the associations between primary study
variables and demographic and psychological covariates using
bivariate correlation analyses (see Table 1). We then tested the
links between mothers’ attachment anxiety and avoidance,
youth-rated maternal warmth, and youth’s expression of NR3C1
using multiple regression. Lastly, we tested if the links between
mothers’ attachment and youth’s NR3C1 expression were
explained by youth-rated maternal warmth using a bootstrapping
approach (Hayes, 2013). To facilitate interpretation, all continuous predictors and potential covariates were standardized. We
conducted models with and without covariates (see Table 2); for
each model, covariates that correlated with the outcome variable
at a significance level of p < .10 or lower (i.e., youths’ ethnicity,
mothers’ relationship status, mothers’ depressive symptoms, and
mothers’ neuroticism) were included.1

Results
Associations Between Mothers’ Attachment, Maternal
Warmth, and Youths’ Expression of NR3C1
Similar to previous work that has used the ECR-R to assess individual differences in adult attachment (e.g., Raque-Bogdan,
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Youth gendera
Youth ethnicityb
Mother educationc
Mother relationship statusd
Youth medication usee
Youth asthma severity diagnosis
Youth age
Mother age
Mother depressive symptoms
Mother neuroticism
Mother attachment anxiety
Mother attachment avoidance
Youth-rated maternal warmth
Youth expression of NR3C1
42.4
81.1%
59.0%
68.2%
59.1%
4.7 (1.6)
12.8 (1.9)
40.3 (7.4)
11.3 (8.8)
2.6 (0.9)
2.2 (1.2)
2.6 (1.4)
2.7 (0.4)
9.1 (2.3)

M (SD) or %
—

1
.02
—

2
.11
–.28**
—

3
.09
–.25**
.10
—

4
.03
–.21*
.14
.01
—

5
.07
.01
.08
.05
.10
—

6
.17*
–.18*
.04
.06
.13
.03
—

7
.14
–.30**
.29**
.06
.01
.21*
.30**
—

8
.004
.14
.05
.04
.01
.06
.05
.01
—

9
.11
–.17*
.14
.07
.05
.15þ
.07
.01
.62**
—

10
.11
.20*
.04
.18*
.05
.08
.03
.01
.52**
.34**
—

11
.002
.20*
.05
.37**
.02
.01
.07
.03
.41**
.26**
.66**
—

12
.18*
–.08
.07
.11
.03
.11
.15þ
.10
.05
.12
.18*
.21*
—

13

.10
–.18*
.05
.16þ
.08
.10
.04
.12
.16þ
.16þ
.25**
.26**
.21*
—

14

Coeff (SE)
.48 (.20)*
.67 (.51)
.45 (.43)

.49 (.21)*
.71 (.51)
.24 (.45)

.43 (.19)*
.80 (.50)
.51 (.43)

[0.97, 0.21]

[0.10, 0.86]

Coeff (SE)

[0.95, 0.19]

95% CI

95% CI

[0.05, 0.81]
[1.80, 0.19]
[0.33, 1.35]

[0.90, 0.08]
[1.71, 0.29]
[0.65, 1.12]

[0.87, 0.09]
[1.67, 0.34]
[0.39, 1.29]

Model 2

[0.06, 0.83]

[0.71, 0.26]
[0.66, 0.32]

.22 (.25)
.17 (.25)

[0.50, 0.53]
[0.72, 0.25]

.02 (.26)
.24 (.24)
.45 (.19)*

[0.96, 0.12]

[0.48, 0.59]
[0.71, 0.27]

.05 (.27)
.22 (.25)
.54 (.21)*

[0.97, 0.07]

95% CI
.52 (.23)*

Coeff (SE)

Model 3

.38 (.19)þ
.96 (.53)þ
.54 (.42)
.04 (.26)
.38 (.26)

.40 (.23)þ
.96 (.53)þ
.33 (.45)
.13 (.27)
.42 (.26)

.40 (.23)þ
.93 (.54)þ
.50 (.43)
.17 (.27)
.41 (.26)

Coeff (SE)

Model 4

[0.01, 0.76]
[2.01, 0.10]
[0.29, 1.38]
[0.54, 0.47]
[0.89, 0.13]

[0.86, 0.05]
[2.02, 0.09]
[0.57, 1.22]
[0.40, 0.66]
[0.93, 0.09]

[0.85, 0.05]
[1.99, 0.13]
[0.35, 1.34]
[0.37, 0.71]
[0.92, 0.10]

95% CI

Note. N ¼ 132 youth. Model 1 ¼ original analysis with no covariates; Model 2 ¼ analysis with demographic covariates; Model 3 ¼ analysis with psychological covariates; Model 4 ¼ analysis with demographic and psychological covariates; Coeff ¼ coefficient; SE ¼ standard error; CI ¼ confidence interval. Continuous scores were calculated such that higher scores indicate greater standing on the variable (e.g., greater attachment
anxiety). Continuous predictors and covariates were standardized.
a
0 ¼ White, 1 ¼ non-White. b0 ¼ not in relationship, 1 ¼ in relationship.
þp < .10. *p < .05. **p < .01.

Analysis with mother attachment anxiety
.57 (.19)**
Mother attachment anxiety
Youth ethnicitya
Mother relationship statusb
Mother depressive symptoms
Mother neuroticism
Analysis with mother attachment avoidance
.59 (.19)**
Mother attachment avoidance
Youth ethnicitya
Mother relationship statusb
Mother depressive symptoms
Mother neuroticism
Analysis with youth-rated maternal warmth
.48 (.19)*
Youth-rated maternal warmth
Youth ethnicitya
b
Mother relationship status
Mother depressive symptoms
Mother neuroticism

Variable

Model 1

Table 2. Multiple Regression Associations Between Mothers’ Attachment Anxiety and Youth Expression of NR3C1.

Note. M ¼ mean; SD ¼ standard deviation. Youth asthma severity diagnosis scores could range from 1 to 7. Mothers’ depression scores could range from 0 to 60. Mothers’ neuroticism scores could range from 1 to 5.
Mothers’ romantic attachment anxiety and attachment avoidance scores could range from 1 to 7. Youth-rated maternal warmth scores could range from 1 to 3.
a
0 ¼ male, 1 ¼ female. b0 ¼ White, 1 ¼ non-White. c0 ¼ less than 1 year of college, 1 ¼ 1 year of college or more. d0 ¼ not in relationship, 1 ¼ in relationship. e0 ¼ no, 1 ¼ yes.
þp < .10. *p < .05. **p < .01.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Variable

Table 1. Descriptive Statistics and Correlations Among Study Variables.
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Figure 2. N ¼ 132 youth. Direct and indirect associations between mother romantic attachment anxiety (Panel A), mother romantic
attachment avoidance (Panel B), youth-rated maternal warmth, and youth expression of NR3C1. CI ¼ confidence interval; Model 1 ¼ original
analysis with no covariates; Model 2 ¼ analysis with demographic covariates; Model 3 ¼ analysis with psychological covariates; Model 4 ¼
analysis with demographic and psychological covariates. þp < .10. *p < .05. **p < .01.

Ericson, Jackson, Martin, & Bryan, 2011; Sibley, Fischer, & Liu,
2005; Stanton & Campbell, 2014b), we found a strong correlation between mothers’ attachment anxiety and attachment avoidance, r(132) ¼ .66, p < .001; to avoid statistical issues of
multicollinearity, analyses were conducted considering these
two constructs separately (for a similar approach, see RaqueBogdan et al., 2011). As shown in Table 2, Model 1, mothers’
greater attachment anxiety and avoidance were associated with
lower expression of NR3C1 in offspring. Youth-rated maternal
warmth was positively associated with offspring’s NR3C1
expression. These links remained robust when tested in models
that included demographic and psychological covariates (see
Table 2, Models 2–4).

Indirect Associations of Mothers’ Attachment With
Youths’ NR3C1 Expression via Maternal Warmth
We used the PROCESS macro for SPSS 23.0 (Hayes, 2013) to
estimate the indirect associations of mothers’ attachment
anxiety (Figure 2, Panel A) and avoidance (Figure 2, Panel
B) with youths’ expression of NR3C1 via youth-rated maternal warmth. Bias-corrected bootstrap confidence intervals
(CIs) for indirect associations were estimated based on
10,000 bootstrap samples. As displayed in Figure 2A, analyses indicated that there was a significant indirect association

of mothers’ attachment anxiety through maternal warmth with
youths’ NR3C1 gene expression. This indirect association was
significant in a model without covariates (Model 1: 95% CI
[0.21, 0.01]), but also remained significant when controlling for demographic factors (Model 2: 95% CI [0.19,
0.002]) and when controlling for mothers’ neuroticism and
depressive symptoms (Model 3: 95% CI [0.24, 0.01]), but
not when controlling for demographic factors, neuroticism,
and depressive symptoms all in the same model (Model 4:
95% CI [0.20, 0.001]).
Turning to Figure 2B, analyses indicated that that there was
a significant indirect association of mothers’ attachment avoidance through maternal warmth with youth NR3C1 gene expression. This indirect association was significant in a model
without covariates (Model 1: 95% CI [0.22, 0.01]), but also
remained significant when controlling for demographic factors
(Model 2: 95% CI [0.21, 0.004]), when controlling for
mothers’ neuroticism and depressive symptoms (Model 3:
95% CI [0.25, 0.01]), and when controlling for demographic factors, neuroticism and depressive symptoms all in the
same model (Model 4: 95% CI [0.22, 0.003]). Taken
together, these findings indicate that mothers’ insecure attachment orientations—as assessed by both attachment anxiety and
attachment avoidance—are linked with their children’s lower
levels of expression of the glucocorticoid receptor gene NR3C1
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and that these links are driven, at least in part, through lower
maternal warmth reported by their children.

Discussion
The present study tested links among mothers’ romantic attachment orientations, maternal warmth, and offspring’s expression
of the glucocorticoid receptor gene NR3C1 in a sample of youth
with asthma. We found that mothers’ greater attachment anxiety and avoidance were both negatively linked with youth gene
expression of NR3C1, explained by lower youth-rated maternal
warmth. That is, more anxious and more avoidant mothers were
perceived to be less warm by their offspring, and this was associated with youths’ lower levels of NR3C1 expression. To our
knowledge, this research is the first demonstration of individual
differences in mothers’ romantic attachment orientations predicting their offspring’s anti-inflammatory gene expression.
Further, we identified a plausible mediator—maternal
warmth—already known to be associated with important youth
health outcomes (e.g., Chen et al., 2010).
Our findings support the effects that parents’ attachment can
have on offspring (see Fraley & Roisman, 2015). Prior studies
guided by attachment theory have demonstrated that parents
with greater insecure attachment tend to eschew expressing
warmth and provide less structure for offspring (e.g., Adam
et al., 2004; Cohn et al., 1992), but no studies to our knowledge
have tested the effects of parents’ insecure attachment on the
health-related outcomes of offspring. Our results suggest that
mothers’ adult attachment orientations influence children’s
expression of a gene relevant to both adaptive stress regulation and the inflammatory response. The present research
additionally lends insight into a molecular pathway that may
help explain why those who experience lower maternal
warmth in childhood tend to have poorer health in adulthood
(cf. Miller, Lachman, et al., 2011). The links between NR3C1
and the body’s ability to regulate its immune response are
well established (Bamberger et al., 1996; Bray & Cotton,
2003; Carpe et al., 2010), as are the associations between
maternal warmth in early life and later health problems (Chen
et al., 2010; Hackman et al., 2013; Miller, Chen, et al., 2011;
Repetti, Taylor, & Seeman, 2002). By demonstrating a meaningful association between mothers’ attachment and youths’
NR3C1 expression via maternal warmth, we illuminate a
potentially important molecular predictor of physical health
outcomes later in life.
One implication of this work dovetails nicely with prior
research demonstrating the capacity for adult attachment
orientations to change over time (see Arriaga, Kumashiro,
Finkel, VanderDrift, & Luchies, 2014; Simpson, Rholes,
Campbell, & Wilson, 2003). Notably, research on attachment
change has been conducted mostly in the context of romantic
relationships; the present study raises interesting questions
regarding how reducing attachment anxiety and avoidance
may promote positive outcomes for offspring. If causal pathways between mothers’ attachment and youth’s health outcomes are established by future longitudinal studies, a
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potential clinical implication of this work involves designing
interventions that enhance attachment security and mothers’
expression of warmth toward their offspring.
Our research provides a foundation from which future studies can advance the role of attachment theory in the emerging
field of social genomics. For example, future research may
benefit from an exploration of how maternal warmth and parents’ attachment influence biological processes of their children over time. Prior research has demonstrated that greater
maternal warmth can ‘‘override’’ the negative health effects
associated with stressful experiences (e.g., childhood poverty,
Miller, Lachman, et al., 2011). Studies endeavoring to understand when maternal warmth is most important for forming a
protective buffer (e.g., infancy, early childhood, youth/adolescence), or how other relationship-relevant processes (e.g., parents’ relationship quality) may influence offspring health
outcomes, would have further benefits for clinical research.
Further investigations of how NR3C1 expression may influence
asthma pathogenesis over time will also be important in moving forward with this work.
Before concluding, we note that the present research is
somewhat limited by possible confounding genetic effects that
may correlate with the environment (gene–environment correlations) as well as potential gene–environment interactions.
Indeed, parenting behavior may be influenced not only by environmental factors, but also by genetic factors (cf. Kendler,
1996). Additionally, previous studies have identified genetic
variants that are associated with variation in gene expression
across individuals (e.g., GTEx Consortium, 2015). Finally, variation in gene expression response to glucocorticoids may also
be modulated by genetic variation (Maranville, Baxter,
Witonsky, Chase, & Di Rienzo, 2013; Maranville et al.,
2011; Moyerbrailean et al., 2016). Each of these may thus represent an additional mechanism by which children respond to
parental behavior. Our study did not involve genotyping for
parents and children, making us unable to account for these
possibilities. Future studies, nevertheless, should endeavor to
disentangle genetic and parenting factors when considering
gene expression in offspring.
We also acknowledge that our findings highlight a thin slice
of the effects of maternal attachment and warmth on offspring’s molecular outcomes, and longitudinal investigations
of these effects would offer a more comprehensive view of
these links, especially in terms of how changes in caregivers’
attachment and warmth over time might be associated with glucocorticoid receptor gene expression. Longitudinal studies may
also lend interesting insight into how variable gene expression
is over time in relation to differing environmental factors.
Additionally, attachment anxiety and avoidance were strongly
correlated in the current study, leading us to examine the constructs in separate statistical models (cf. Raque-Bogdan et al.,
2011); thus, multicollinearity creates another potential limitation. Lastly, our study lacked a control group of healthy youth
to examine if and how maternal attachment and warmth may
uniquely (or perhaps similarly) affect youth with asthma compared to healthy controls.
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The present research identified, for the first time, the influence that mothers’ romantic attachment and warmth may have
on their offspring’s health-related gene expression. Mothers
who were more anxiously or avoidantly attached were rated
as less warm by their offspring, and this lower warmth was
negatively linked to youth’s expression of the glucocorticoid
receptor gene NR3C1, a gene linked to glucocorticoid resistance and, therefore, important health outcomes. This study
highlights the capacity for primary caregivers’ attachment
orientations to have downstream effects not only on offspring’s
perceptions of their care (e.g., viewing the parent as less warm)
but also on the genetic building blocks of offspring’s healthrelated biology. More broadly, these findings deepen our
understanding of the links between adult attachment and health
outcomes. Given this meaningful way parents leave an imprint
on their children, establishing the causal effects of parents’
attachment on offspring outcomes, as well as longitudinal
investigations of these effects, are the next logical steps for
future research.
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