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Abstract

From a sample of African American families living in the rural South, this study tested the 

hypothesis that growing up in poverty is associated with heightened biological stress levels in 

youth that, in turn, forecast elevations in drug use in young adulthood. Supportive parenting during 

adolescence was hypothesized to protect youth’s biological stress levels from rising in the context 

of poverty. African American youth and their primary caregivers from 385 families participated in 

a 14-year prospective study that began when youth were 11 years of age. Data were collected from 

2001 to 2016. All families lived in impoverished communities in the rural South. Linear regression 

models and conditional indirect effect analyses were executed in 2016 to test the study hypotheses. 

High number of years living in poverty across adolescence was associated with high 

catecholamine levels, but only among those youth who received low levels of supportive parenting. 

Youth catecholamine levels at age 19 forecast an increase in substance use from age 19 to age 25. 

Conditional indirect effects confirmed a developmental cascade linking family poverty, youth 

catecholamine levels, and increases in substance use for youth who did not receive high levels of 

supportive parenting. Current results suggest that, for some African American youth, substance 

use vulnerability may develop “under the skin” from stress-related biological weathering years 

before elevated drug use. Receipt of supportive parenting, however, can protect rural African 

American youth from biological weathering and its subsequent effects on increases in substance 

use during adulthood.
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1. Introduction

A growing body of research has tested the hypothesis that growing up in poverty can 

contribute to lifelong trajectories in cognitive development, psychosocial development, and 

physical health (Bradley and Corwyn, 2002; Heckman, 2006; Miller et al., 2011a). More 

recently, researchers have begun to examine the ways in which growing up in poverty, and 

the life stressors that accompany it, presage initiation and escalation of drug use at later 

stages of development (Gordon, 2002; Sinha, 2008). This work is driven in part by 

surveillance data indicating that African Americans, who experience childhood poverty 

more than do any other ethnic group in the United States (Patten and Krogstad, 2015), use 

drugs less frequently than do Caucasians during adolescence yet engage in similar or even 

higher levels of substance use in adulthood (National Institute on Drug Abuse, 2003). This 

pattern has been termed the racial crossover effect (Watt, 2008).

The explanation most frequently offered for the racial crossover effect involves the stressors 

young people experience as they transition to adult roles (Aseltine and Gore, 2005; Brody et 

al., 2010; Paschall et al., 2000). Emerging research, however, suggests that a sole focus on 

the effects of concurrent stressors is of limited value in understanding African Americans’ 

drug use etiology. Recent studies suggest that, for some young people, vulnerability to drug 

use in young adulthood is a developmental process occurring “beneath the skin” from the 

weathering of biological systems (Gordon, 2002; Sinha, 2008). Growing up in poverty can 

noticeably alter individuals’ sympathetic nervous system (SNS) and its release of stress 

hormones such as the catecholamines epinephrine and norepinephrine. Although beneficial 

for managing short-term threats, chronic hormonal surges triggered by the SNS can 

accumulate over time and dysregulate SNS activity, an effect that has been documented in 

both children (Evans, 2003) and adults (Miller et al., 2011a). Previous research has linked 

stress-regulated “weathering” from SNS activity to physical and mental health problems 

(Reuben et al., 2000), and some research has hypothesized that it also renders individuals 

more susceptible to drug use and abuse (Sinha, 2008). In this study, we tested components of 

this hypothesis. Specifically, we sought to determine whether African American youth in 

rural Southern environments who spent more years in poverty during adolescence would 

display elevated levels of the catecholamine stress hormones epinephrine and norepinephrine 

during young adulthood. In turn, we investigated the association between high 

catecholamine levels at the beginning of young adulthood and increases in drug use across 

the young adult years.

Not all children and adolescents who grow up in poverty, however, experience its adverse 

psychosocial and physiological consequences. Concerning psychosocial outcomes, multiple 

studies have indicated that supportive caregiving practices can offset many of the cognitive 

and behavioral disadvantages besetting children in poverty (Brody et al., 2012; Rutter, 
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2005). Mounting evidence also reveals that supportive parenting can protect youth 

physiologically by favorably molding the stress-response tendencies of vulnerable children 

(Cicchetti and Blender, 2006; Gunnar and Quevedo, 2007) and mitigating the wear-and-tear 

that adverse experiences inflict on children’s physiology (Chen et al., 2011; Evans et al., 

2007). Parental support, for instance, has been shown to buffer the effects of neighborhood 

poverty on adolescents’ allostatic load, a measure of cardiometabolic risk (Brody et al., 

2014), as well as the effects of low childhood SES on proinflammatory signaling (Chen et 

al., 2011) and metabolic profiles (Miller et al., 2011b) in adulthood. To date, however, much 

of this literature has relied on cross-sectional findings or retrospective reports of childhood 

environments (e.g., Chen et al., 2011 and Miller et al., 2011b; for an exception, see Evans et 

al., 2007). Consequently, prospective research exploring the protective effect of supportive 

parenting for youths’ SNS dysregulation is quite limited, particularly among minority, low-

SES youth.

The current study was designed to address these limitations. Using a 14-year prospective 

research design involving rural African American youth and their primary caregivers, the 

current study tested the hypothesis that exposure to poverty for rural African American 

youth would be associated with high catecholamine levels that would then predict increases 

in drug use. Supportive parenting was expected to moderate the association between 

childhood poverty and catecholamine levels, with high levels of supportive parenting 

buffering African American youth from poverty-related biological weathering and its 

subsequent effects on increases in substance use during adulthood.

2. Methods

2.1. Study sample

The data for this study were drawn from the Strong African American Families Healthy 

Adult Project (SHAPE). The families resided in rural counties in Georgia in which poverty 

rates are among the highest in the nation and unemployment rates are above the national 

average (DeNavas-Walt and Proctor, 2014). African American primary caregivers and a 

target youth selected from each family participated in data collections; youths’ mean age 

was 11.7 years (SD = 0.3) at the first assessment in 2001; the last wave of data was collected 

from 2014 to 2016. Of the youth in the sample, 53% were female. At the first assessment, 

80% of the caregivers had completed high school or earned a GED. Economically, these 

households can be characterized as working poor. The primary caregivers worked an average 

of 30.6 hours per week and had a median household income of $1612 per month. Of the 

families, 42.3% were living below federal poverty thresholds.

At the first assessment, 667 families were selected randomly from lists of fifth-grade 

students that schools provided (see Brody et al., 2004 for a full description of the 

recruitment process). From a sample of 561 at age 18 (a retention rate of 84%), 500 families 

were selected randomly to continue to participate in the study. The selection of a random 

subsample was necessary because of financial constraints associated with the costs of 

collecting and assaying catecholamine from urine samples. Of these 500 participants, 489 

provided urine samples at age 19. Of this subsample, 385 agreed to take part in data 

collection at age 25; they constituted the sample for the present study (Supplemental Figure 
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S1 presents a participant retention flow chart). Comparisons on demographic and study 

variables, using independent t-tests and chi-square tests, of the families in the study sample 

with those not in the sample revealed one difference: on average, families in the study 

sample experienced more years of poverty than did those not in the sample, t (663) = −2.59, 

p = .010; M study sample = 2.32 (SD = 1.91); M missing sample = 1.94 (SD = 1.77).

2.2. Procedure

All data were collected in participants’ homes using a standardized protocol. African 

American field researchers visited families’ homes to administer computer-based interviews 

at each wave of data collection, allowing responses to sensitive questions to be input 

privately by respondents. All assessments were conducted with no other family members 

present. Catecholamine and substance use were assessed when the youth were 19 years of 

age (M = 19.3, SD = 0.66). Data on substance use were also obtained when the youth were 

25 years of age (M = 24.7, SD = 0.65). At each wave, primary caregivers consented to their 

minor youth’s participation in the study, and minor youth assented to their own participation. 

The Institutional Review Board of the sponsoring institution approved the study protocol.

2.3. Measures

Family poverty was computed when participants were 11 to 13 years of age, and again when 

they were 16 to 18 years of age. Caregivers provided data on their families’ income-to-needs 

ratios, based on family size. Poverty status at these six assessment waves were summed to 

determine the number of years youth spent living at or below federal poverty levels when 

they were 11 to 18 years of age (M = 2.32, SD = 1.91).

The supportive parenting construct, assessed at ages 11 to 13 and 16 to 18 and expressed as 

a composite, was derived from measures of parental support and nurturant-involved 

parenting. Parental support was measured using youth reports on two scales. The 4-item 

Emotional Support subscale from the Carver Support Scale (Carver et al., 1989) was 

administered at ages 11 to 13 and 16 to 18. On a scale ranging from 1 (not at all true) to 5 

(very true), youth responded to items such as, “I get emotional support from my caregiver” 

and “I get sympathy and understanding from my caregiver.” Cronbach’s alphas ranged 

from .78 to .90. The second support assessment, the 11-item Family Support Inventory 

(Wills et al., 1992), was administered at ages 16 to 18. Youth rated statements on a scale 

ranging from 1 (not at all true) to 5 (very true) about the support their parents provided to 

them. Examples include, “I feel that I can trust my caregivers as someone to talk to,” and “If 

I talk to my caregiver they have suggestions about how to handle problems.” Cronbach’s 

alphas ranged from .94 to .95.

The nurturant-involved parenting instrument (Brody et al., 2001) was administered to youth 

at ages 11 to 13 and 16 to 17. This measure included 9 questions with responses ranging 

from 1 (never) to 4 (always). It was used to assess the extent to which parents were aware of 

the youth’s activities, talk with the youth about issues that bother the youth, listen to the 

youth’s perspectives during arguments, and consider the youth’s opinions when making 

decisions on family matters. Cronbach’s alphas ranged from .76 to .89. The parent support, 

family support, and nurturant-involved parenting measures were highly correlated (rs = .58 
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– .77, ps < .001); measures were averaged, standardized, and summed to form an indicator 

of supportive parenting.

Substance use was assessed at participant age 19 and age 25. Participants reported their past-

month frequencies of cigarette smoking, alcohol use, heavy drinking, and marijuana use on a 

widely used instrument from the Monitoring the Future Study (Johnston et al., 2007). A 

response set ranging from 0 (not at all) to 6 (more than two packs a day) was used for 

cigarette smoking; a scale ranging from 0 (none) to 5 (20 or more times) was used to 

measure alcohol use, heavy drinking, and marijuana use. Responses were summed to form a 

substance use composite, a procedure that is consistent with our own and others’ prior 

research (Brody and Ge, 2001; Newcomb and Bentler, 1988). Because the distributions of 

substance use were skewed, we applied a log transformation to normalize the data.

The protocol for measuring catecholamines when youth were 19 years of age was based on 

procedures that Evans (2003) and Brody et al. (2013b) developed for field studies involving 

children and adolescents. Details of data collection and assaying are documented elsewhere 

(see Brody et al., 2013b). In brief, all urine voided between 8 p.m. to 8 a.m. was collected 

and stored on ice in a container with metabisulfite as a preservative; four 10-ml samples 

were randomly extracted and deep frozen at −80° C until subsequent assays were completed. 

Epinephrine and norepinephrine were assayed with high-pressure liquid chromatography 

with electrochemical detection (Riggin and Kissinger, 1977). For epinephrine, mean intra-

assay coefficients of variation (CV) for nonsequential duplicates are 27.1% (< 40 pg/ml), 

13.5% (40 to 80 pg/ml), and 9.6% (> 80 pg/ml); pooled samples mean inter-assay CV for 60 

to 140 pg/ml is 16.3%; and blanks read 7.0 ± 14.5 (SD) pg/ml. For norepinephrine, mean 

intra-assay CVs for nonsequential duplicates are 6.6% (< 400 pg/ml), 6.5% (400 to 800 pg/

ml), and 7.1% (> 800 pg/ml); pooled mean inter-assay CV for 300 to 500 pg/ml is 10.3%; 

and blanks read 6.0 ± 10.3 (SD) pg/ml. Creatinine assay via Jaffe rate methods controlled for 

body size differences and incomplete urine voiding (Tietz, 1976). SNS catecholamine scores 

were calculated by summing the standardized scores of overnight epinephrine and 

norepinephrine (r = .54, p < .001).

2.4. Statistical analysis

Linear regression models were executed to test the study hypotheses. The first model was 

designed to determine whether supportive parenting at ages 11 to 18 buffered the detrimental 

effects of family poverty on catecholamine levels at age 19. This model estimated the main 

effects of family poverty, supportive parenting, and the hypothesized interaction of family 

poverty with supportive parenting in forecasting age 19 catecholamine levels. All interaction 

analyses were executed based on the conventions that Aiken and West (1991) prescribed, 

whereby the variables are first mean centered and interactions are calculated as the product 

of the centered variables.

Next, we executed a conditional indirect effect model to determine whether the protective 

effect of supportive parenting on the association between family poverty and catecholamine 

levels at age 19 also accounted for youth substance use at age 25. We hypothesized that 

family poverty at ages 11 to 18 would forecast age 19 catecholamine levels for youths who 

received low levels of parent support, and that age 19 catecholamine levels would forecast an 
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increase in substance use from age 19 to age 25. The hypothesis was tested using regression-

based conditional indirect effect analysis procedures (Hayes, 2013). First, the regression 

coefficients were calculated for the association between family poverty and catecholamine 

levels for youth who experienced low (simple slope a1) vs. high (simple slope a2) levels of 

parental support. Second, the regression coefficient for the association between age 19 

catecholamine levels and age 25 substance use was calculated (simple slope b). Third, the 

conditional indirect effect in which catecholamine levels serve as a link connecting family 

poverty to substance use was quantified as the product of the two regression coefficients (a1 

× b). In addition, nonparametric bootstrapping was used to obtain the bias-corrected and 

accelerated confidence intervals (BCA) of parameter estimates for significance testing 

(Preacher et al., 2007). The parameter estimate was calculated 1000 times using random 

sampling with replacement to build a sampling distribution. All analyses were conducted in 

2016 using IBM SPSS 24 (IBM Corporation, 2016) and the statistical macro package 

PROCESS (Hayes, 2012).

Bivariate correlations and descriptive statistics for the study variables are presented in 

Supplemental Table S1.

3. Results

3.1. Buffering effects of supportive parenting on the association between family poverty 
and catecholamines

The first model, presented in Table 1, was designed to test the hypothesized buffering effects 

of supportive parenting. As predicted, a significant interaction of family poverty × 

supportive parenting emerged, b = −0.135, 95% CI [−0.244, −0.026], p = .015. To interpret 

this finding, we plotted estimated levels of catecholamines at low and high levels of family 

poverty and supportive parenting; the result is presented in Figure 1. High family poverty 

was associated with high levels of catecholamines when youth experienced low levels of 

supportive parenting [simple-slope = 0.172, 95% CI (0.035, 0.308), p = .014]. Conversely, 

for youth who received high levels of supportive parenting, family poverty was not 

associated with catecholamine levels [simple-slope = −0.070, 95% CI (−0.200, 0.061), p = .

295]. Catecholamine levels were highest among youth who experienced high levels of 

family poverty and received low levels of parental support. Additional analyses were 

conducted to determine whether participant gender conditioned any of these findings; no 

interactions were detected.

3.2. Youth catecholamine levels at age 19 and increases in substance use from ages 19 to 
25

Table 2 presents the regression model that tested the hypothesis that youth catecholamine 

levels at ages 19 would forecast an increase in substance use from age 19 to age 25. This 

hypothesis was supported [b = 0.025, 95% CI (0.008, 0.043), p = .005].
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3.3. Indirect effect analyses linking family poverty, supportive parenting, catecholamines, 
and substance use

Figure 2 presents the results of the indirect effect model in which family poverty at ages 11 

to 18 predicted youth catecholamine levels at age 19; these catecholamine levels, in turn, 

were predicted to forecast an increase in substance use from ages 19 to 25. The conditional 

indirect effects were calculated for low vs. high levels of supportive parenting. A significant 

indirect effect linking family poverty at ages 11 to 18 to youth substance use at age 25 (with 

age 19 substance use controlled) via youth catecholamines at age 19 only emerged when 

youth experienced low levels of parental support (indirect effect = 0.172 × 0.025 = 0.0043, 

95% CI [0.0006, 0.0115]). No significant indirect effects emerged for youth who 

experienced high levels of parental support (indirect effect = −0.070 × 0.025 = −0.0018, 

95% CI [−0.0065, 0.0007]).

4. Discussion

The results of this study make two major contributions to the literature. First, the results 

indicate that growing up in poverty is associated with biological markers of stress among 

some rural African American youth that, in turn, forecast elevations in drug use in young 

adulthood. Prior to this study, the effect of catecholamine levels on increases in drug use 

during young adulthood had been conjectured but rarely confirmed empirically. This result is 

consistent with surveillance data showing that growing up in poverty is a risk factor for later 

drug use and abuse (National Institute on Drug Abuse, 2016) and, importantly, highlights a 

developmental, biological process that may contribute to heightened levels of substance use 

in young adulthood. Furthermore, whereas most prior efforts to explain the racial crossover 

effect have focused on contemporaneous stressors (Aseltine and Gore, 2005; Brody et al., 

2010; Paschall et al., 2000), the current results suggest that, for some African American 

youth, substance use vulnerability is developing under the skin years before drug use begins. 

For clinical practice, this result and those associated with the “skin-deep” resilience 

phenomenon (Brody et al., 2013a; Miller et al., 2016) highlight the need for surveillance and 

screening in primary care settings for early detection of SNS dysregulation among rural 

African American youth and other children from disadvantaged backgrounds.

As the second main contribution of the current study, the aforementioned pathway emerged 

only among youth who grew up in the absence of supportive parenting. This result and 

similar findings from previous studies with other demographics (Chen et al., 2011; Evans et 

al., 2007) converge to suggest that the presence of a caring, supportive parent is key 

protective factor that prevents children who grow up in poverty from evincing impaired 

physical health profiles in adulthood. This finding is important because it indicates that the 

deleterious effect of poverty on children’s long-term health is not immutable. Pertinent to 

preventive medicine, the protective parenting practices identified in this study appear 

amendable to change from well-designed preventive interventions (Van Ryzin et al., 2016). 

Moreover, participation in efficacious programs designed to enhance supportive parenting 

has demonstrated stress-buffering effects for African American youth’s physical health, 

including assessments of catecholamine levels, cytokine levels, and epigenetic aging (Brody 

et al., 2016). To help expand the reach of these programs, pediatricians and prevention 
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scientists have advocated primary care settings as implementation sites for family-centered 

preventive interventions (Leslie et al., 2016); to date, however, such practice remains 

uncommon.

4.1. Limitations

Several limitations of the study should be noted. First, consistent with other studies, self-

reports of substance use are susceptible to inaccurate reporting. Second, no assessments of 

catecholamines were available before age 19 nor family poverty or parenting before age 11, 

precluding examination of these variables at earlier developmental stages. Third, the 

findings’ generalizability to ethnically and socioeconomically diverse samples from either 

rural or urban communities must be established empirically. Finally, participants retained in 

this sample experienced more poverty during childhood than did participants from the 

original sample who were not retained in this study. This difference may inflate the observed 

associations involving family poverty, suggesting that these observations may differ among 

samples with lower levels of family poverty. Future research can address these limitations.

5. Conclusions

Understanding the ways in which poverty and related stressors get “under the skin” to affect 

children’s long-term physical and behavioral health, as well as means of mitigating this 

effect, remains centrally important in order to promote the public health of some of the 

nation’s most vulnerable children. Results from the current study suggest that facilitating the 

receipt of supportive parenting can protect rural African American youth from SNS 

overactivation and its subsequent effects on increases in substance use in adulthood.
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Highlights

▪ Childhood poverty forecast catecholamine levels for youth with unsupportive 

parents.

▪ Supportive parenting protected youth from heightened catecholamine levels.

▪ Elevated catecholamine levels at age 19 forecast increased substance use at 

age 25.

▪ For some African Americans, substance use vulnerability may develop under 

the skin.
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Fig. 1. 
The effect of family poverty and supportive parenting at ages 11–18 on youths’ 

catecholamine levels at age 19. Data were collected from 2001 to 2016 from families in 

impoverished communities in the rural South. Numbers in parentheses refer to simple slopes 

for different levels of supportive parenting (low: 1 SD below the mean; high: 1 SD above the 

mean). *p < .05, two-tailed. CI = confidence interval.
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Fig. 2. 
The conditional indirect effect of family poverty at ages 11–18 on youths’ substance use at 

age 25 through catecholamine levels at age 19. Data were collected from 2001 to 2016 from 

families in impoverished communities in the rural South. Boldface indicates statistical 

significance (*p < .05, **p < .01). Numbers in brackets are 95% confidence intervals (CIs), 

which do not include zero. Gender was also controlled in the model.
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Table 1

Family poverty and supportive parenting at ages 11–18 as predictors of catecholamines at age 19

Predictors

Catecholamines (age 19)

 b  95% CI

1. Gender (male = 1, female = 0)   0.205 −0.159, 0.569

2. Substance use (age 19)   0.330 0.079, 0.581

3. Family poverty (ages 11–18)   0.051 −0.041, 0.143

4. Supportive parenting (ages 11–18) −0.042 −0.243, 0.159

5. Family poverty × Supportive parenting −0.135 −0.244, −0.026

Data were collected from 2001 to 2016 from families in impoverished communities in the rural South. b = unstandardized regression coefficient; CI 
= confidence interval. Boldface indicates statistical significance; p < .05.
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Table 2

Catecholamines at age 19 as predictors of substance use at age 25.

Predictors

Substance Use (age 25)

 ba  95% CI

1. Gender (male = 1, female = 0)   0.142*** 0.079, 0.205

2. Substance use (age 19)   0.218*** 0.174, 0.261

3. Family poverty (ages 11–18) −0.005 −0.021, 0.011

4. Supportive parenting (ages 11–18)   0.005 −0.030, 0.040

5. Family poverty × Supportive parenting −0.007 −0.026, 0.012

6. Catecholamine levels (age 19)   0.025** 0.008, 0.043

Data were collected from 2001 to 2016 from families in impoverished communities in the rural South.

a
b= unstandardized regression coefficient. Boldface indicates statistical significance

**
p < .01,

***
p < .001.

CI = confidence interval
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