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Background: Disparities in insulin resistance between Black and White adults in the United States are well
documented, yet relatively little is known about the psychosocial or biological antecedents of these inequities.
The current study examined childhood adversity and contemporaneous psychosocial stressors in adulthood as
possible mediators of the racial disparity in insulin resistance. Inﬂammatory and hypothalamic-pituitary adrenal
(HPA) axis mechanisms implicated in associations between lifespan stress exposure and insulin resistance were
also considered.
Methods: Data were derived from the biomarker component of the Midlife in the United States Study (N = 1170,
20% Black, 56% female, Mean age = 54.7 years, SD = 11.6). A homeostatic model assessment of insulin resistance (HOMA-IR) was calculated from fasting glucose and insulin concentrations. Twelve risk factors relating
to household dysfunction, socioeconomic disadvantage, and maltreatment were sum scored to index childhood
adversity. Measures of adult stress included socioeconomic adversity, major stressful events, everyday discrimination, and lifetime discrimination.
Results: Levels of insulin resistance were higher among Black than White adults. Childhood adversity was positively associated with HOMA-IR, and attenuated 18% of the race diﬀerence. Measures of adult stress mediated
33% of the association between childhood adversity and HOMA-IR, and accounted for an additional 47% of the
race diﬀerence. Higher inﬂammation and lower nocturnal cortisol both played an important role in mediating
the association between stress exposure and HOMA-IR.
Conclusions: Findings are consistent with prior research showing that childhood adversity and adult stress are
salient predictors of glucose metabolism, and extend this work by showing that lifespan stress exposures attenuate a signiﬁcant portion of the Black-White disparity in HOMA-IR. Results also suggest stress eﬀects on
insulin resistance through inﬂammatory and HPA-axis pathways.

1. Introduction
Racial disparities in type 2 diabetes (T2D) are substantial in the
United States, with an approximately two-fold higher prevalence
among Black/African-American (AA) relative to White/European-

American (EA) adults (Chatterjee et al., 2014). Furthermore, T2D is a
leading contributor to enduring race diﬀerences in mortality (Wong
et al., 2002). Understanding the determinants of disparities in glucose
regulation is thus a crucial component of broader eﬀorts to address
health disparities (CDC, 2017).
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2. Methods

Lifespan stressors may be key in understanding racial disparities in
glucoregulation. These include aspects of childhood adversity as well as
adult stress exposures. Both have been linked to diabetes and glucose
regulation in several studies (Maniam et al., 2014). In one large population study, childhood socioeconomic disadvantage was associated
with subsequent risk for T2D and impaired fasting glucose concentrations more than 30 years later (Puolakka et al., 2016). Other population
studies of midlife adults have also documented associations between
childhood adversity or maltreatment and subsequent glucose regulation
or T2D incidence (Thomas et al., 2008). With respect to adult psychosocial stress, one large study of Hispanic adults in the United States
reported signiﬁcant associations between chronic stress, fasting glucose, and glucose tolerance (McCurley et al., 2015), while a population
study of Scandinavian adults found that stressful life events predicted
glucose regulation and metabolic syndrome (Pyykkönen et al., 2010).
Race diﬀerences in stress exposure across the life span, stemming from
social and historical oppression, are also well documented (FullerRowell et al., 2016; Sternthal et al., 2011). Together, these ﬁndings
suggest that both childhood adversity and adult psychosocial exposures
may be important mediators of race diﬀerences in glucoregulation.
However, despite the clear signiﬁcance of understanding social determinants of disparities in T2D, the role of life span stress exposures as
mediators of race diﬀerences in glucoregulation remains largely unexamined (Fuller-Rowell et al., 2018).
Insulin resistance—deﬁned as the inability of insulin to stimulate
glucose disposal—is an important indicator of health risk across the
glucoregulation spectrum, irrespective of whether glucose levels are in
the T2D range. In particular, insulin resistance is central to the pathogenesis of T2D, as well as a salient risk factor for subsequent cardiovascular disease and other comorbidities (Reaven et al., 2004). Reliable
indexes of insulin resistance can be calculated from fasting glucose and
insulin concentrations (Bonora et al., 2000) and may be important
mediators of psychosocial stress eﬀects on cardiometabolic disease
(Rosmond, 2003).
Mechanisms for contemporaneous stress eﬀects on insulin resistance
are likely to operate through various physiologic conduits including the
hypothalamic-pituitary adrenal (HPA) axis and inﬂammatory pathways
(Rosmond, 2003). Stress eﬀects on regulation of diet, eating behaviors,
sleep patterns, and physical activity are also likely to play an important
role (Aschbacher et al., 2014; Stults-Kolehmainen and Sinha, 2014). In
addition to these pathways, childhood and adolescent stress exposure
may further inﬂuence insulin resistance through epigenetic mechanisms
and by setting glucocorticoid responses to stress early in the life span
(Maniam et al., 2014; Miller et al., 2011). According to theories of the
stress process (Pearlin, 1989), childhood adversity may also proliferate
into adult psychosocial stressors, which in turn are hypothesized to
inﬂuence insulin resistance through the mechanisms described above.
Childhood adversity and adult stress may also have cumulative or additive eﬀects such that each operates as an independent predictor of
adult health (Montez and Hayward, 2014).
Although socioeconomic factors have been shown to account for a
portion of the race diﬀerence in T2D (Gaskin et al., 2013; LaVeist et al.,
2009), few studies have considered the degree to which childhood
adversity or adults stress exposures mediate race diﬀerences in glucoregulation. A deeper understanding of the biological mechanisms
linking lifespan stress exposures to dysregulated glucose metabolism
(Maniam et al., 2014; McCurley et al., 2015; Puolakka et al., 2016) is
also needed. With these objectives in mind, the overarching hypotheses
of the present inquiry were that childhood adversity and adult psychosocial stress would each partially mediate race diﬀerences in insulin
resistance, and that some of the eﬀects of childhood adversity on insulin
resistance would be accounted for by adult psychosocial stress. We also
hypothesized that psychosocial stress eﬀects on insulin resistance
would be mediated through inﬂammatory and HPA-axis pathways.

Analyses draw on data from the Midlife in the United States
(MIDUS) Study (Brim et al., 2004; Love et al., 2010). MIDUS is a national study of health and aging that began in 1995 with a sample of
7000 non-institutionalized adults from the 48 contiguous states (Brim
et al., 2004). The second wave (MIDUS 2) began in 2004, with 75% of
surviving MIDUS 1 respondents participating. An oversample of AAs
from Milwaukee, WI (N = 592) was added at MIDUS 2 to increase representation of AAs and facilitate analysis of racial disparities in health.
Forty three percent of MIDUS 2 subjects also participated in a biological
data collection protocol (N = 1255; 2004–2009). This subsample was
not signiﬁcantly diﬀerent from MIDUS 2 participants on age, sex, race,
marital status, or income, but were slightly more educated than the
larger MIDUS 2 sample (Love et al., 2010). The protocol involved an
overnight clinic stay and included a fasting blood draw in the morning
of the second day (see Love et al., 2010 for a detailed protocol description). Due to our focus on Black-White disparities, 148 individuals
not categorized as AA or EA were excluded from analyses. The ﬁnal
analytic sample of 228 AAs and 942 EAs (Ntotal = 1170), included a
wide age range (35–85 years; M = 57.4; SD = 11.6) and was 57% female. Descriptive statistics for each racial/ethnic group are presented in
Table 1. All data collection and analysis was approved by an institutional review board, and all participants provided written informed
consent.
2.1. Measures
2.1.1. Insulin resistance
Fasting glucose and insulin concentrations were determined using
established techniques (Gruenewald et al., 2012). Full descriptions of
assay procedures are publicly available as part of MIDUS 2 biomarker
protocol documentation (midus.wisc.edu). In brief, glucose was determined using an enzymatic colorimetric method, and had inter- and
intra-assay CV of 1%. Insulin was measured using immunochemiluminescent technology with inter-assay CV of 2.4–4.6%
and intra-assay CV of 2.5–4%. The homeostatic model assessment of
insulin resistance (HOMA-IR) was computed from fasting glucose (G0,
mg/dL) and insulin (I0, μIU/mL) concentrations with the following
formula: HOMA-IR = (G0 × I0)/405 (Matthews et al., 1985). HOMA-IR
is a commonly used measure of insulin resistance that has been prospectively associated with cardiovascular disease (Jeppesen et al.,
2007). To correct for a non-symmetric distribution, the log of HOMA-IR
was used in all analyses.
2.1.2. Childhood adversity
To index childhood adversity, twelve factors relating to household
stress, family socioeconomic disadvantage, and childhood maltreatment were assessed. Speciﬁc indicators, shown in supplemental Table 2,
were similar to items commonly included on childhood adversity
measures (Felitti et al., 1998; Slopen et al., 2010). A detailed description of this measure alongside syntax for scoring is provided in supplemental online content.
2.1.3. Adult stress exposures
Three domains of adult stress were examined:
2.1.3.1. Major stressful events. An inventory of nineteen stressful events
and their age of occurrence was completed by participants (Turner and
Wheaton, 1995). A sum score indicating the number of events
experienced prior to age 19 was calculated (detailed description of
events and scoring available in supplemental online content).
Experiences referred to major family, economic, or miscellaneous
stressors.
2.1.3.2. Discrimination. Lifetime discrimination was assessed using an
2
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Table 1
Descriptive Statistics for Study Variables, Shown for African Americans (n = 228) and European Americans (n = 942).

Age (years)
Sex (male)
Cohabitation status (partnered)
Childhood adversity (#)
Major stressful events (#)
Major discrimination events (#)
Everyday discrimination (range: 9–36)
Socioeconomic adversity (range: 0–7)
Fasting insulin (uIU/mL)
Fasting glucose (mg/dL)
HOMA-IR (Ln [insulin*glucose/405])
Diabetes Medication
C-reactive protein (ug/dL)
Interleukin-6 (pg/mL)
E-selectin (ng/mL)
Overnight urinary cortisol (Ln [ug/dL])
Daytime salivary cortisol (nmol/L)
Body mass index (kg/m2)
Waist circumference (cm)
Prudent diet (range: 0-7)
Physical activity (Ln [METs/Week])
Sleep problems (range: 0-21)
Cigarette smoker
Heavy drinker

African American
Mean ± SD (%)

European American
Mean ± SD (%)

Race diﬀerence
P value

53.6 ± 10.3
(32.9)
(44.4)
4.0 ± 2.9
3.2 ± 2.2
2.9 ± 2.7
14.8 ± 6.4
4.1 ± 2.4
16.5 ± 15.4
111.1 ± 42.3
1.5 ± .64
(19.3)
1.34 ± .80
1.5 ± .54
52.1 ± 28.9
2.2 ± .68
8.0 ± 5.4
32.8 ± 8.6
101.4 ± 18.1
3.9 ± 1.4
4.1 ± 1.8
7.8 ± 4.2
(30.7)
(16.2)

58.4 ± 11.7
(46.0)
(76.2)
2.4 ± 2.3
1.9 ± 1.7
.88 ± 1.4
12.5 ± 4.1
1.4 ± 1.6
12.7 ± 12.5
99.9 ± 23.4
1.3 ± .55
(8.3)
1.0 ± .68
1.2 ± .51
41.3 ± 20.6
2.6 ± .72
11.2 ± 5.9
29.0 ± 5.9
96.5 ± 15.7
4.3 ± 1.4
5.1 ± 1.9
5.8 ± 3.4
(11.2)
(7.6)

< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
.001

detailed description of this measure is provided in supplemental
online content.

Table 2
Descriptive Statistics for Childhood Adversity and Adult Stress Measures,
Shown by Race.

Childhood Adversity
Emotional abuse
Physical abuse
Sexual abuse
Emotional neglect
Physical neglect
Family received public
assistance
Parental education
Moved 3+ times
Did not live with
biological parents
Low status parental
occupation
Parental death
Sibling death
Adult Stress
Major stressful events
Major discrimination
events
Everyday discrimination
Socioeconomic adversity

African
American
(n = 228)
Mean ± SD (%)

European
American
(n = 942)
Mean ± SD (%)

Race
Diﬀerence

3.4 ± 2.7
(27.9)
(34.2)
(26.5)
(28.4)
(31.6)
(27.3)

2.0 ± 2.1
(22.4)
(20.1)
(22.2)
(23.0)
(19.6)
(4.8)

< .001
.081
< .001
.178
.088
< .001
< .001

(41.8)
(32.0)
(48.7)

(19.7)
(27.5)
(19.0)

< .001
.183
< .001

(58.6)

(22.5)

< .001

(23.2)
(6.6)

(9.3)
(3.3)

< .001
.819

3.2 ± 2.2
2.9 ± 2.7

1.9 ± 1.7
.88 ± 1.4

< .001
< .001

14.8 ± 6.4
4.1 ± 2.4

12.5 ± 4.1
1.4 ± 1.6

< .001
< .001

2.1.4. Inﬂammatory mediators
Biomarkers of inﬂammatory physiology were assessed from serum
or plasma samples. Detailed description of assay procedures and statistics for C-reactive protein, interleukin-6, and E-selectin are available
in the protocol documentation and have been described elsewhere (Coe
et al., 2011; Gruenewald et al., 2012).

P-value

2.1.5. HPA-axis mediators
Two measures of cortisol output were collected to index overnight
and daytime hypothalamic-pituitary-adrenal (HPA) axis activity. A 12hour overnight urinary sample was collected during the lab visit from
which cortisol concentration (ug) adjusting for creatinine levels (g) was
determined via high-pressure liquid chromatography. On the second
day of the lab visit, four saliva samples were collected before and
during a protocol consisting of cognitive tasks. Cortisol concentrations
across the four samples were highly correlated (r coeﬃcients ranged
from .47 to .93) and thus were averaged as a crude index of daytime
cortisol output (α = .88). This approach is similar to indexes of total
cortisol output used in prior research (Pruessner et al., 2003).
2.1.6. Adiposity
Nursing staﬀ collected anthropometric measurements as part of the
biomarker protocol. Body mass index (BMI) was calculated using the
standard formula: weight (kg)/height (m)2. Waist circumference was
measured at the point between the ribs and iliac crest (Gruenewald
et al., 2012).

inventory of 11 major events (e.g., not hired for a job, hassled by
police), with a possible score of 0–11 (α = .88) (Kessler et al., 1999;
Williams et al., 2008, 1997). Everyday discrimination (Williams et al.,
1997) was assessed from nine forms of discrimination (e.g., treated with
less courtesy than other people). Items were on a four point scale
(1 = never, 4 = often) and had high internal consistency (α = .91).

2.1.7. Health behavior controls
Cigarette smoking (0 = nonsmoker, 1 = current smoker), alcohol
consumption (0 = nonsmoker, 1 = current smoker), physical activity,
sleep quality, and diet were assessed via self-report measures.
Descriptions of these measures are provided in supplemental online
content.

2.1.3.3. Socioeconomic adversity. Socioeconomic adversity was assessed
as the sum of eight dichotomous socioeconomic risk factors (α = .73).
Aggregate indexes of socioeconomic status or disadvantage are
frequently used and are optimal when attempting to capture overall
disadvantage within a single variable (Chapman et al., 2010). A

2.1.8. Medication use
Participants were instructed to bring all prescription and over-the3
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(shown in Table 3). The percent attenuation of regression coeﬃcients
reported in the text, which can be calculated from the parameter estimates in Table 3, is therefore identical to the magnitude of the corresponding total indirect eﬀect divided by the total eﬀect. Where relevant
to our hypotheses, total indirect eﬀects are reported alongside regression results. More detailed meditation pathways for stress eﬀects on
insulin resistance are then examined in the path analyses below.
Findings from Model 1 indicated a signiﬁcant race diﬀerence in
HOMA-IR, equivalent to .43 SD units higher levels among Black adults
relative to White adults (p < .001). In Model 2, childhood adversity
was a signiﬁcant predictor of insulin resistance (p < .001), and attenuated race diﬀerences in HOMA-IR by 18% (indirect eﬀect: β = .076,
SE = .022, p = .001). In supplemental analyses relating to Model 2, a
signiﬁcant indirect eﬀect of race on HOMA-IR through childhood adversity was evident (β = .030, SE = .009, p = .001).
Adult stressors were added in Model 3. In total, adjusting for adult
stressors reduced the race diﬀerence in HOMA-IR by an additional 47%
(total indirect eﬀect: β = .258, SE = .064, p < .001). Childhood adversity and adult stressors together attenuated approximately two
thirds (65%) of the original race diﬀerence (β = .314, SE = .065,
p < .001). When adjusting for adult stress measures, the association
between childhood adversity and HOMA-IR was attenuated by 33%
(total indirect eﬀect: β = .048 SE = .013, p < .001) but remained a
signiﬁcant independent predictor (p=.007). Major experiences of discrimination (p = .024) and socioeconomic adversity (p = .028) were
signiﬁcantly associated with insulin resistance, whereas estimates for
the other adults stress measures did not reach statistical signiﬁcance
(after adjusting for the other adult stress measures).
In supplemental analyses relating to Model 3, each measure of adult
stress was also considered separately as a predictor of HOMA-IR (Table
S2) and indirect eﬀects of race on HOMA-IR through each adult stress
measure were estimated. Indirect eﬀects of race on HOMA-IR were
statistically signiﬁcant for three of the four adult stress measures: major
stressful life events (β = .017, SE = .008, p = .030), major discrimination events (β = .048, SE = .015, p = .002), and economic adversity (β = .038, SE = .016, p = .014). Standard errors were similar
across models and variance inﬂation factor values were less than 1.15,
suggesting that multicollinearity was not a problem in models that included all adult stress measures.
Model 4 ﬁndings indicated that inclusion of adiposity and health
behavior measures as controls reduced the association between childhood adversity and HOMA-IR by 41% (from .090 to .053; total indirect
eﬀect: β = .022, SE = .019, p = .245) and substantially attenuated
signiﬁcant associations between adult stress variables and HOMA-IR.
Speciﬁcally, eﬀects of economic adversity (β = .020 SE = .034,
p = .554) and major experiences of discrimination (β = .059
SE = .034, p = .083) were attenuated by 76% (total indirect eﬀect:
β = .053 SE = .022, p = .016) and 36% (total indirect eﬀect: β = .023,
SE = .0214, p = .288) respectively, and dropped below statistical signiﬁcance. Healthy dietary behaviors (p = .002), physical activity
(p = .001), and waist circumference (p < .001) were associated with
HOMA-IR in expected directions, whereas cigarette smoking, heavy
alcohol use, and body mass index were not signiﬁcant predictors (net of
waist circumference and other health behaviors).
Model 5 results indicated that when measures of inﬂammation and
HPA-axis activity were added, stress eﬀects on HOMA-IR were substantially attenuated. As compared to Model 3, eﬀects of economic
adversity (β = .036, SE = .036, p = .316) and major experiences of
discrimination (β = .063, SE = .037, p = .086) were attenuated by
58% (total indirect eﬀect: β = .076, SE = .015, p < .001) and 32%
(total indirect eﬀect: β = .049, SE = .014, p < .001), respectively, and
dropped below statistical signiﬁcance. The association between childhood adversity and HOMA-IR was attenuated by 19% (total indirect
eﬀect: β = .020, SE = .012, p = .086) and remained signiﬁcant
(p = .018). CRP (p < .001), E-selectin (p < .001), and overnight urinary cortisol (p < .001) were signiﬁcantly associated with HOMA-IR,

counter medications to their study visit. All medications and reasons for
use were documented. A dichotomous variable was used to indicate
whether medications were being taken for diabetes.
2.1.9. Sociodemographic controls
Sociodemographic variables included sex (coded as 0 = female,
1 = male), age (in years), race (0 = White/European American,
1 = Black/African American), and cohabitation status (1 = married or
living with partner, 0 = not married or living with partner).
2.2. Analysis plan
Analyses were conducted in Mplus v. 7.11. A two-pronged analytic
approach was used. First, a series of linear regression models was estimated (Table 2) to examine predictors of HOMA-IR adjusting for
covariates. Diabetes medication use was not directly controlled in
analyses due to conceptual and empirical overlap with insulin resistance. However, sensitivity analyses considering the inﬂuence of
medication use on the reported results are examined.
Next, path analyses were conducted to probe indirect eﬀects and
test mediation hypotheses. Indirect eﬀects were estimated using the
product of coeﬃcients method with bias-corrected bootstrapped conﬁdence intervals. Additional information relating to path model analyses is provided in supplemental online materials. Full information
maximum likelihood estimation was used to deal with missing data on
individual variables. This allowed for the sample size to be consistent
across all estimated models. Daytime salivary cortisol had the most
missing data (33.4%) followed by major stressful events (28.0%), major
experiences of discrimination (6.2%), and sleep problems (6.3%). All
other variables had < 1% missing data.
3. Results
Descriptive statistics for study variables are shown separately for
Black and White participants in Table 1. Independent sample t-tests and
chi-square tests were used to estimate the signiﬁcance of group diﬀerences. Diﬀerences between racial groups were present across nearly all
study variables such that Black adults had greater socioeconomic disadvantage, more childhood and adulthood stress exposure, and more
behavioral and biological risk factors. Race diﬀerences in exposure to
each component of the childhood adversity index are shown in Table 2.
Black adults were more likely to be exposed to seven of the twelve
childhood adversity components relative to Whites.
Of the twelve childhood adversity indicators, seven were signiﬁcantly correlated with HOMA-IR, as was the childhood adversity
composite. The remaining ﬁve indicators, although non-signiﬁcant, had
associations with HOMA-IR in the expected direction. In addition, all
four of the adult stress measures were correlated with HOMA-IR. A
correlation matrix showing associations between stress measures,
health behaviors, and biological indicators is included in supplemental
materials (Table S1).
3.1. Mediators of Race diﬀerences in HOMA-IR
A series of models examining predictors of HOMA-IR are shown in
Table 3. HOMA-IR and continuous predictor variables were standardized to have a mean of 0 and SD of 1. Thus, associations with HOMAIR can be interpreted as standardized coeﬃcients for continuous predictors and as mean standardized diﬀerences for binary predictor
variables. Supplemental analyses were also conducted to estimate the
magnitude and statistical signiﬁcance of indirect eﬀects (e.g., of race on
insulin resistance through childhood adversity and adult stress measures). These models included additional paths from exogenous predictor variables to relevant mediator variables, and were estimated
such that direct eﬀects on insulin resistance were identical to the
parameter estimates reported in corresponding regression models
4
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Table 3
Results of Regression Models Examining Predictors of Insulin Resistance (HOMA-IR).
Model 1 B (SE)

Model 2 B (SE)

Intercept (Ln[HOMA-IR])
Race (Black = 1, White = 0)
Childhood Adversity
Major Stressful Life Events
Major Discrimination Events
Everyday Discrimination
Socioeconomic Adversity
Prudent Diet
Physical Activity
Sleep Problems
Current Smoker
Heavy Drinker
Body Mass Index
Waist Circumference
Ln (CRP)
Ln (IL-6)
E-selectin
Ln (Overnight Urinary Cortisol)
Daytime Salivary Cortisol

−.219 (.064)
.433*** (.086)

−.221 (.064)
.357*** (.086)
.135*** (.032)

R2

.034**

.051***

***

**

Model 3 B (SE)

Model 4 B (SE)

Model 5 B (SE)

Model 6 B (SE)

-.220 (.062)
.153 (.101)
.090** (.033)
.050 (.037)
.092* (.041)
.046 (.036)
.085* (.039)

−.036 (.056)
.035 (.090)
.053* (.027)
.020 (.031)
.059+ (.034)
.001 (.031)
.020 (.034)
−.078** (.025)
−.086** (.025)
.045* (.028)
−.068 (.083)
−.105 (.080)
.077 (.071)
.445*** (.075)

−.169 (.059)
−.025 (.097)
.073* (.031)
.025 (.034)
.063+ (.037)
.027 (.034)
.036 (.036)
–
–
–
–
–
–
–
.215*** (.034)
.040 (.034)
.197*** (.033)
−.141*** (.027)
−.023 (.027)

−.001 (.057)
-.033 (.091)
.053* (.026)
.023 (.030)
.053 (.033)
−.003 (.031)
.016 (.034)
−.072** (.025)
−.067** (.025)
.020 (.028)
−.105 (.081)
−.119 (.079)
.038 (.067)
.427*** (.072)
.057+ (.031)
−.021 (.028)
.149*** (.030)
−.080** (.023)
−.019 (.024)

.073***

.340***

.199***

.367***

***

**

Note. Unstandardized coeﬃcients are shown with standard errors in parentheses. HOMA-IR and continuous predictor variables were z-scored to have a mean of 0 and
SD of 1. All models also include controls for sex, age, and cohabitation status. Estimates signiﬁcant at p < .05 are shown in bold.
+
p < .10.
* p < .05.
** p < .01.
*** p < .001.

higher levels of insulin resistance
To examine stress eﬀects on HOMA-IR and biomarkers net of health
behaviors and adiposity, a second path model was ﬁt. Results of this
model were consistent with ﬁndings from regression models shown in
Table 3 that adjust for health behaviors and adiposity and are reported
in Supplemental materials (Fig. S1).

whereas daytime cortisol (p = .402) and IL-6 (p = .239) were not signiﬁcant predictors.
A ﬁnal model was ﬁt in which all variables were added (Model 6).
Results indicated that the association between childhood adversity and
HOMA-IR was attenuated by 41% relative to Model 3 estimates (total
indirect eﬀect: β = .024, SE = .020, p = .233) but remained signiﬁcant
(p = .045). Eﬀects of economic adversity (β = .016, SE = .034,
p = .641) and major experiences of discrimination (β = .053,
SE = .033, p = .105) were attenuated by 81% (total indirect eﬀect:
β = .069, SE = .023, p = .003) and 42% (total indirect eﬀect: β = .037,
SE = .023, p = .110) and were non-signiﬁcant.
Sensitivity analyses excluding those taking medication for diabetes
showed the same pattern of ﬁndings. Speciﬁcally, among these generally healthier participants, Black adults continued to be at a disadvantage relative to Whites in terms of higher HOMA-IR (.38 SD units,
p < .001). The inclusion of stress variables in Models 2 and 3 explained 20 and 76% of the Black-White diﬀerence in HOMA-IR, and
further adjustment in Models 4–6 attenuated childhood adversity and
adult stress eﬀects on HOMA-IR. Full model results for sensitivity
analyses relating to medication use are presented in Table S3 of the
supplemental material.

4. Discussion
The burden of T2D in the United States is substantial. Prevalence
has more than doubled since 1990, and T2D is now a contributing
factor in at least 10 percent of all deaths annually (CDC, 2017). However, this burden is not evenly distributed within the population. Racial
disparities are notable, with signiﬁcantly higher prevalence among
Black, Hispanic, and Native American adults relative to Whites and
Asians (CDC, 2017). Social determinants of these disparities are not
well understood, and biological mechanisms for stress eﬀects on glucoregulation remain unclear (Fuller-Rowell et al., 2018). By examining
psychosocial predictors of Black-White diﬀerences in insulin resistance,
alongside inﬂammatory and HPA-axis mediators, this investigation
begins to address these knowledge gaps.
The results document that childhood adversity and contemporaneous adult stress mediate a substantial portion of the BlackWhite disparity. Regarding adult stress measures, major stressful
events, socioeconomic adversity, major experiences of discrimination,
and everyday discrimination, all attenuated a portion of the disparity in
HOMA-IR when examined in separate models. In concurrent models,
socioeconomic adversity and major experiences of discrimination remained independent mediators. These ﬁndings build on prior research
showing an association between psychosocial stress and glucose metabolism (Puolakka et al., 2016; Thomas et al., 2008), and add to research
showing race diﬀerences in glucoregulation (Gaskin et al., 2013;
LaVeist et al., 2009). Importantly, the ﬁndings extend this work by
demonstrating that race diﬀerences are mediated by modiﬁable psychosocial exposures. The ﬁnding that discrimination and socioeconomic
adversity were the strongest mediators of racial disparities is consistent
with research linking socioeconomic adversity to glucoregulation

3.2. Path analysis results
A complete path model was estimated to further elucidate mediation pathways implied by regression results. The advantage of path
models was that multiple endogenous variables could be modeled simultaneously, which facilitated estimation of indirect eﬀects (i.e., statistical tests of mediation). Path coeﬃcients for the ﬁnal path model are
shown in Fig. 1 and a full description of path model results and justiﬁcation for the ﬁnal ﬁtted model is reported in supplemental online
content. Of the potential biological mechanisms examined, inﬂammatory markers were consistent in mediating the link between
stress variables and HOMA-IR. Overnight urinary cortisol was a signiﬁcant mediator of the path between childhood adversity and HOMAIR such that more exposure to childhood adversity was associated with
blunted overnight cortisol levels, which in turn were associated with
5
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Fig. 1. Path model results showing psychosocial and biological mechanisms for race diﬀerences in insulin resistance (HOMA-IR).
Note. Standardized coeﬃcients are shown with standard errors in parentheses. Age, sex, and cohabitation status are controlled. Estimates shown on underside of
paths are additionally adjusted for health behaviors and adiposity. Covariances, residual variances, and direct paths from race to biomarkers were estimated, but are
not shown for parsimony. ∼p < .10. *p < .05. **p < .01. ***p < .001.

Elevated basal cortisol levels have been frequently observed in maltreated children (Carrion et al., 2002; Cicchetti and Rogosch, 2001).
However, low or blunted cortisol output has more frequently been
observed when the eﬀects of childhood adversity have been considered
on more distal, adult glucocorticoid measures (Danese and McEwen,
2012; Ellis and Del Giudice, 2019; Miller et al., 2007). Results of the
current study bolster this perspective. Furthermore, that blunted cortisol output functions as a mediator of the association between childhood adversity and insulin resistance is a novel contribution of this
research, and serves to bring together two growing areas of study: the
link between the HPA-axis and glucoregulation, and the association
between childhood adversity and cortisol.
With respect to the ﬁnding that lower cortisol concentrations were
associated with higher insulin resistance, it is noteworthy that this result adds complexity to the current scientiﬁc consensus. In particular,
an established ﬁnding is that high levels of glucocorticoids (such as in
Cushings Syndrome), induce insulin resistance (Andrews and Walker,
1999; Purnell et al., 2009). In contrast, the results of the current study
show that in a population sample of adults, it was low or blunted
overnight cortisol concentrations that were associated with higher insulin resistance. Rather than being seen as directly contradictory, these
diﬀering results might more accurately be seen to reﬂect diﬀerences in
the sample, timing/age of cortisol exposure, or the range of cortisol
concentrations under consideration (e.g., in clinical vs. non-clinical
sample) (Miller et al., 2007). With very few population studies examining biological mechanisms for stress eﬀects on insulin resistance
through HPA-axis pathways, additional research on this topic is needed.
Several limitations and related future directions should be noted.
Although depth and breadth of psychosocial assessments is a signiﬁcant
strength of this study, one limitation of the reported analyses was that
stress assessments were self-report and retrospective. Examination of
objective measures of stress exposure is therefore an important consideration, which could help to provide further insight into the reported
ﬁndings. As reported herein, alternative model speciﬁcations and prior
research provided support for the direction of associations speciﬁed in
the reported models. However, the cross-sectional nature of the data
limits our ability to make strong claims about the directionality of associations and precludes the possibility of completely ruling out third
variable explanations. Longitudinal models or alternative methodological approaches (e.g., natural or quasi experiments; Bor et al., 2018)
will be especially important in developing robust evidence. Speciﬁcally,
an important future focus will be to replicate and strengthen the reported stress mediation results relating to explanations for black-white

(Stringhini et al., 2013), and showing that racial discrimination is a
consequential factor in black-white health disparities (Chambers et al.,
2004; Ryan et al., 2008). The current study extends this work by documenting an association between perceived racial discrimination and
insulin resistance, and is the ﬁrst to show that experiences of discrimination partially mediate Black-White disparities in glucose metabolism.
In showing that the association between childhood adversity and
insulin resistance was partially explained by adult stress measures, the
results also support the notion that childhood adversity can proliferate
across the life span, and that early life exposures may be associated with
several domains of subsequent adults stress (Ong et al., 2009; Pearlin,
1989; Pearlin et al., 2005). These ﬁndings are also in line with conceptualizations of cumulative inequality—e.g., that childhood adversity
is associated with subsequent stressful life events that in turn are linked
with physiologic dysregulation (Hatch, 2005). That childhood adversity
remained a signiﬁcant independent predictor after adjusting for contemporaneous exposures suggests the unique signiﬁcance of childhood
experiences, and is congruent with calls for special attention to addressing disadvantage early in the life span (Shonkoﬀ, 2016) in addition
to tackling adult stressors disproportionately experienced by racial/
ethnic minority groups (Slopen et al., 2012; Sternthal et al., 2011).
Another key focus of this study was to examine biological mechanisms for psychosocial stress eﬀects on insulin resistance with a
focus on inﬂammatory and HPA-axis pathways. With respect to inﬂammatory pathways, major stressful events, economic adversity, and
major experiences of discrimination were all associated with one or
more inﬂammatory markers, which in turn were linked with insulin
resistance. Indirect eﬀects of all three adult stress measures on HOMAIR through inﬂammation were also signiﬁcant, thus providing strong
support for an inﬂammatory pathway from stress exposure to insulin
resistance. These results add to prior research (animal and human
models) linking glucose metabolism to inﬂammation and psychosocial
stress (Maniam et al., 2014; McCurley et al., 2015; Puolakka et al.,
2016). The results also link literatures on racial disparities in inﬂammatory physiology (Fuller-Rowell et al., 2015; Slopen et al., 2010)
and glucoregulation (Gaskin et al., 2013; LaVeist et al., 2009).
Regarding HPA-axis mediators, results indicated support for a “hypocortisolism” pathway linking childhood adversity to insulin resistance. Speciﬁcally, childhood adversity was associated with lower
overnight urinary cortisol concentrations, which in turn were associated with higher levels of insulin resistance. These ﬁndings build on a
large and complex literature examining stress and the HPA-axis.
6
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disparities in insulin resistance. Attention to when in the life span
disparities in insulin resistance emerge, and the relative importance of
speciﬁc social determinants at diﬀerent life stages will be key considerations.
With little prior work examining psychosocial factors as mediators
of Black-White diﬀerences in glucoregulation, the current study adds
importantly to research on racial health disparities. However, a clear
limitation was that Native American and Hispanic populations—among
whom
glucoregulation
outcomes
are
similar
to
African
Americans—were not considered. Studies focusing on the social determinants of glucoregulation in these populations are clearly needed
and should be a priority in future research.
With respect to consideration of social determinants, the current
study is the most comprehensive examination of Black-White disparities
in insulin resistance to date. Overall, the ﬁndings suggest that childhood adversity and adult stress exposures are consequential predictors
of group diﬀerences in insulin resistance, and that stress eﬀects on insulin resistance operate through both inﬂammatory and HPA-axis
pathways. Moving forward, additional research will be needed to pinpoint stress exposures at particular points in the life span that are most
consequential determinants of disparities in glucoregulation.
Consideration of programmatic or policy interventions to address group
disparities more broadly, through reduction of psychosocial stress exposures will also be essential.

1016/j.bbi.2010.11.013.
Danese, A., McEwen, B.S., 2012. Adverse childhood experiences, allostasis, allostatic
load, and age-related disease. Physiol. Behav. 106 (1), 29–39. https://doi.org/10.
1016/j.physbeh.2011.08.019.
Ellis, B.J., Del Giudice, M., 2019. Developmental adaptation to stress: an evolutionary
perspective. Annu. Rev. Psychol. 70 (1). https://doi.org/10.1146/annurev-psych122216-011732. null.
Felitti, M.D., Vincent, J., Anda, M.D., Robert, F., Nordenberg, M.D., Williamson, M.S.,
et al., 1998. Relationship of childhood abuse and household dysfunction to many of
the leading causes of death in adults: the adverse childhood experiences (ACE) study.
Am. J. Prev. Med. 14 (4), 245–258.
Fuller-Rowell, T.E., Curtis, D.S., Doan, S.N., Coe, C.L., 2015. Racial disparities in the
health beneﬁts of educational attainment: a study of inﬂammatory trajectories among
African American and white adults. Psychosom. Med. 77 (1), 33–40. https://doi.org/
10.1097/PSY.0000000000000128.
Fuller-Rowell, T.E., Curtis, D.S., El-Sheikh, M., Chae, D.H., Boylan, J.M., Ryﬀ, C.D., 2016.
Racial disparities in sleep: the role of neighborhood disadvantage. Sleep Med. 27–28
(Suppl. C), 1–8. https://doi.org/10.1016/j.sleep.2016.10.008.
Fuller-Rowell, T.E., Curtis, D.S., Duke, A.M., 2018. Disparities in health between black
and white Americans: current knowledge and directions for future research. The
Oxford Handbook of Integrative Health Science. https://doi.org/10.1093/oxfordhb/
9780190676384.013.33.
Gaskin, D.J., Thorpe, R.J., McGinty, E.E., Bower, K., Rohde, C., Young, J.H., et al., 2013.
Disparities in diabetes: the nexus of race, poverty, and place. Am. J. Public Health
104 (11), 2147–2155. https://doi.org/10.2105/AJPH.2013.301420.
Gruenewald, T.L., Karlamangla, A.S., Hu, P., Stein-Merkin, S., Crandall, C., Koretz, B.,
Seeman, T.E., 2012. History of socioeconomic disadvantage and allostatic load in
later life. Soc. Sci. Med. 74 (1), 75–83. https://doi.org/10.1016/j.socscimed.2011.09.
037.
Hatch, S.L., 2005. Conceptualizing and identifying cumulative adversity and protective
resources: implications for understanding health inequalities. J. Gerontol.: Ser. B 60
(Special Issue (2)), S130–S134. https://doi.org/10.1093/geronb/60.Special_Issue_2.
S130.
Jeppesen, J., Hansen, T.W., Rasmussen, S., Ibsen, H., Torp-Pedersen, C., Madsbad, S.,
2007. Insulin resistance, the metabolic syndrome, and risk of incident cardiovascular
disease: a population-based study. J. Am. Coll. Cardiol. 49 (21), 2112–2119. https://
doi.org/10.1016/j.jacc.2007.01.088.
Kessler, R.C., Mickelson, K.D., Williams, D.R., 1999. The prevalence, distribution, and
mental health correlates of perceived discrimination in the United States. J. Health
Soc. Behav. 40 (3), 208–230.
LaVeist, T.A., Thorpe, R.J., Galarraga, J.E., Bower, K.M., Gary-Webb, T.L., 2009.
Environmental and socio-economic factors as contributors to racial disparities in
diabetes prevalence. J. Gen. Intern. Med. 24 (10), 1144–1148. https://doi.org/10.
1007/s11606-009-1085-7.
Love, G.D., Seeman, T.E., Weinstein, M., Ryﬀ, C.D., 2010. Bioindicators in the MIDUS
national study: protocol, measures, sample, and comparative context. J. Aging Health
22 (8), 1059–1080. https://doi.org/10.1177/0898264310374355.
Maniam, J., Antoniadis, C., Morris, M.J., 2014. Early-life stress, HPA axis adaptation, and
mechanisms contributing to later health outcomes. Front. Endocrinol. 5. https://doi.
org/10.3389/fendo.2014.00073.
Matthews, D.R., Hosker, J.P., Rudenski, A.S., Naylor, B.A., Treacher, D.F., Turner, R.C.,
1985. Homeostasis model assessment: insulin resistance and β-cell function from
fasting plasma glucose and insulin concentrations in man. Diabetologia 28 (7),
412–419. https://doi.org/10.1007/BF00280883.
McCurley, J.L., Mills, P.J., Roesch, S.C., Carnethon, M., Giacinto, R.E., Isasi, C.R., et al.,
2015. Chronic stress, inﬂammation, and glucose regulation in U.S. Hispanics from the
HCHS/SOL sociocultural ancillary study. Psychophysiology 52 (8), 1071–1079.
https://doi.org/10.1111/psyp.12430.
Miller, G.E., Chen, E., Zhou, E.S., 2007. If it goes up, must it come down? Chronic stress
and the hypothalamic-pituitary-adrenocortical axis in humans. Psychol. Bull. 133 (1),
25–45. https://doi.org/10.1037/0033-2909.133.1.25.
Miller, G.E., Chen, E., Parker, K.J., 2011. Psychological stress in childhood and susceptibility to the chronic diseases of aging: moving toward a model of behavioral and
biological mechanisms. Psychol. Bull. 137 (6), 959–997. https://doi.org/10.1037/
a0024768.
Montez, J.K., Hayward, M.D., 2014. Cumulative childhood adversity, educational attainment, and active life expectancy among U.S. adults. Demography 51 (2),
413–435. https://doi.org/10.1007/s13524-013-0261-x.
Ong, A.D., Fuller-Rowell, T., Burrow, A.L., 2009. Racial discrimination and the stress
process. J. Pers. Soc. Psychol. 96 (6), 1259–1271. https://doi.org/10.1037/
a0015335.
Pearlin, L.I., 1989. The sociological study of stress. J. Health Soc. Behav. 30 (3), 241–256.
https://doi.org/10.2307/2136956.
Pearlin, L.I., Schieman, S., Fazio, E.M., Meersman, S.C., 2005. Stress, health, and the life
course: some conceptual perspectives, stress, health, and the life course: some conceptual perspectives. J. Health Soc. Behav. 46 (2), 205–219. https://doi.org/10.
1177/002214650504600206.
Pruessner, J.C., Kirschbaum, C., Meinlschmid, G., Hellhammer, D.H., 2003. Two formulas
for computation of the area under the curve represent measures of total hormone
concentration versus time-dependent change. Psychoneuroendocrinology 28 (7),
916–931. https://doi.org/10.1016/S0306-4530(02)00108-7.
Puolakka, E., Pahkala, K., Laitinen, T.T., Magnussen, C.G., Hutri-Kähönen, N.,
Tossavainen, P., et al., 2016. Childhood socioeconomic status in predicting metabolic
syndrome and glucose abnormalities in adulthood: the cardiovascular risk in Young
Finns study. Diabetes Care 39 (12), 2311–2317. https://doi.org/10.2337/dc16-1565.
Purnell, J.Q., Kahn, S.E., Samuels, M.H., Brandon, D., Loriaux, D.L., Brunzell, J.D., 2009.

Conﬂicts statement
The authors of this manuscript declare no conﬂicts of interest.
Appendix A. Supplementary data
Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.psyneuen.2019.04.
020.
References
Andrews, R.C., Walker, B.R., 1999. Glucocorticoids and insulin resistance: old hormones,
new targets. Clin. Sci. (London, England: 1979) 96 (5), 513–523.
Aschbacher, K., Kornfeld, S., Picard, M., Puterman, E., Havel, P.J., Stanhope, K., et al.,
2014. Chronic stress increases vulnerability to diet-related abdominal fat, oxidative
stress, and metabolic risk. Psychoneuroendocrinology 46 (Supplement C), 14–22.
https://doi.org/10.1016/j.psyneuen.2014.04.003.
Bonora, E., Targher, G., Alberiche, M., Bonadonna, R.C., Saggiani, F., Zenere, M.B., et al.,
2000. Homeostasis model assessment closely mirrors the glucose clamp technique in
the assessment of insulin sensitivity: studies in subjects with various degrees of
glucose tolerance and insulin sensitivity. Diabetes Care 23 (1), 57–63.
Bor, J., Venkataramani, A.S., Williams, D.R., Tsai, A.C., 2018. Police killings and their
spillover eﬀects on the mental health of black Americans: a population-based, quasiexperimental study. Lancet 392 (10144), 302–310. https://doi.org/10.1016/S01406736(18)31130-9.
Brim, O.G., Ryﬀ, C.D., Kessler, R.C., 2004. How Healthy Are We?: A National Study of
Well-Being at Midlife. University of Chicago Press.
Carrion, V.G., Weems, C.F., Ray, R.D., Glaser, B., Hessl, D., Reiss, A.L., 2002. Diurnal
salivary cortisol in pediatric posttraumatic stress disorder. Biol. Psychiatry 51 (7),
575–582.
CDC, 2017. National Diabetes Statistics Report. Retrieved from. Centers for Disease
Control and Prevention, U.S. Dept. of Health and Human Services, Atlanta, GA.
https://www.cdc.gov/diabetes/data/statistics-report/index.html.
Chambers, E.C., Tull, E.S., Fraser, H.S., Mutunhu, N.R., Sobers, N., Niles, E., 2004. The
relationship of internalized racism to body fat distribution and insulin resistance
among African adolescent youth. J. Natl. Med. Assoc. 96 (12), 1594–1598.
Chapman, B.P., Fiscella, K., Kawachi, I., Duberstein, P.R., 2010. Personality, socioeconomic status, and all-cause mortality in the United States. Am. J. Epidemiol. 171
(1), 83–92. https://doi.org/10.1093/aje/kwp323.
Chatterjee, R., Brancati, F.L., Shaﬁ, T., Edelman, D., Pankow, J.S., Mosley, T.H., et al.,
2014. Non-traditional risk factors are important contributors to the racial disparity in
diabetes risk: the atherosclerosis risk in communities study. J. Gen. Intern. Med. 29
(2), 290–297. https://doi.org/10.1007/s11606-013-2569-z.
Cicchetti, D., Rogosch, F.A., 2001. The impact of child maltreatment and psychopathology on neuroendocrine functioning. Dev. Psychopathol. 13 (4), 783–804.
Coe, C.L., Love, G.D., Karasawa, M., Kawakami, N., Kitayama, S., Markus, H.R., et al.,
2011. Population diﬀerences in proinﬂammatory biology: Japanese have healthier
proﬁles than Americans. Brain Behav. Immun. 25 (3), 494–502. https://doi.org/10.

7

Psychoneuroendocrinology 107 (2019) 1–8

T.E. Fuller-Rowell, et al.

Sternthal, M.J., Slopen, N., Williams, D.R., 2011. Racial disparities in health: how much
does stress really matter. Du Bois Rev.: Soc. Sci. Res. Race 8 (01), 95–113. https://
doi.org/10.1017/S1742058X11000087.
Stringhini, S., Batty, G.D., Bovet, P., Shipley, M.J., Marmot, M.G., Kumari, M., et al.,
2013. Association of lifecourse socioeconomic status with chronic inﬂammation and
type 2 diabetes risk: the whitehall II prospective cohort study. PLoS Med. 10 (7),
e1001479. https://doi.org/10.1371/journal.pmed.1001479.
Stults-Kolehmainen, M.A., Sinha, R., 2014. The eﬀects of stress on physical activity and
exercise. Sports Med. 44 (1), 81–121. https://doi.org/10.1007/s40279-013-0090-5.
Thomas, C., Hyppönen, E., Power, C., 2008. Obesity and type 2 diabetes risk in midadult
life: the role of childhood adversity. Pediatrics 121 (5), e1240–1249. https://doi.org/
10.1542/peds.2007-2403.
Turner, R.J., Wheaton, B., 1995. Checklist measurement of stressful life events. Measuring
Stress: A Guide for Health and Social Scientists. Oxford University Press, New York,
NY, US, pp. 29–58.
Williams, D.R., Yu, Yan, Jackson, J.S., Anderson, N.B., 1997. Racial diﬀerences in physical and mental health: socio-economic status, stress and discrimination. J. Health
Psychol. 2 (3), 335–351. https://doi.org/10.1177/135910539700200305.
Williams, D.R., Gonzalez, H.M., Williams, S., Mohammed, S.A., Moomal, H., Stein, D.J.,
2008. Perceived discrimination, race and health in South Africa. Soc. Sci. Med. 67
(3), 441–452. https://doi.org/10.1016/j.socscimed.2008.03.021.
Wong, M.D., Shapiro, M.F., Boscardin, W.J., Ettner, S.L., 2002. Contribution of major
diseases to disparities in mortality. N. Engl. J. Med. 347 (20), 1585–1592.

Enhanced cortisol production rates, free cortisol, and 11β-HSD-1 expression correlate
with visceral fat and insulin resistance in men: eﬀect of weight loss. Am. J. Physiol.Endocrinol. Metab. 296 (2), E351–E357. https://doi.org/10.1152/ajpendo.90769.
2008.
Pyykkönen, A.-J., Räikkönen, K., Tuomi, T., Eriksson, J.G., Groop, L., Isomaa, B., 2010.
Stressful life events and the metabolic syndrome. Diabetes Care 33 (2), 378–384.
https://doi.org/10.2337/dc09-1027.
Reaven, G., Abbasi, F., McLaughlin, T., 2004. Obesity, insulin resistance, and cardiovascular disease. Recent Prog. Horm. Res. 59, 207–223.
Rosmond, R., 2003. Stress induced disturbances of the HPA axis: a pathway to type 2
diabetes? Med. Sci. Monit. 9 (2), RA35–RA39.
Ryan, A.M., Gee, G.C., Griﬃth, D., 2008. The eﬀects of perceived discrimination on
diabetes management. J. Health Care Poor Underserved 19 (1), 149–163. https://doi.
org/10.1353/hpu.2008.0005.
Shonkoﬀ, J.P., 2016. Capitalizing on advances in science to reduce the health consequences of early childhood adversity. JAMA Pediatrics 170 (10), 1003–1007.
https://doi.org/10.1001/jamapediatrics.2016.1559.
Slopen, N., Lewis, T.T., Gruenewald, T.L., Mujahid, M.S., Ryﬀ, C.D., Albert, M.A.,
Williams, D.R., 2010. Early life adversity and inﬂammation in African Americans and
whites in the midlife in the United States survey. Psychosoc. Med. 72 (7), 694–701.
https://doi.org/10.1097/PSY.0b013e3181e9c16f.
Slopen, N., Dutra, L.M., Williams, D.R., Mujahid, M.S., Lewis, T.T., Bennett, G.G., et al.,
2012. Psychosocial stressors and cigarette smoking among African American adults in
midlife. Nicotine Tob. Res. 14 (10), 1161–1169. https://doi.org/10.1093/ntr/nts011.

8

