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Abstract

Bolstering academic motivation is a high priority in school settings, but some evidence suggests 

this could take a toll on students’ physical health. To address this, this study compared the effects 

of an experimental manipulation of academic motivation alone (AM) to academic motivation 

enhanced with social support (SS+AM) on markers of inflammation in a sample of 80 high 

school 9th graders. Outcomes included low-grade inflammation: C-reactive protein (CRP) and 

interleukin-6 (IL-6); a motivation measure; and grade point average (GPA), taken at baseline and 

follow-up (beginning and end of school year, respectively). Students in the SS+AM condition 

had lower levels of inflammation at follow-up (covarying baseline levels) compared to those in 

the AM condition. The two groups were equivalent on motivation and GPA at follow-up. This 

preliminary study suggests that incorporating social support into academic motivation programs 

has the potential to benefit inflammatory markers in young people while allowing them to 

maintain positive academic outcomes.
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Introduction

Keeping students focused on their educational futures has long been a high priority in 

American society, with the idea that education provides one route to improving one’s life 

circumstances. Consistent with this idea, increasing student motivation and persistence in 

academic settings are thought to represent key pathways to better educational outcomes for 

students (Duckworth, 2016; Oyserman, 2015).

Interventions focused on motivation and persistence are thought to increase student striving 

and self-control. In turn, these constructs have been linked to positive outcomes in life, 

such as higher incomes and better mental health (Moffitt et al., 2011; Brody, Yu, Miller, 

& Chen, 2016). At the same time, emerging evidence suggests that some students who 

expend high effort striving for academic success can experience a physical health cost 

of this success. Tradeoffs have been observed, whereby economic success and positive 

mental health in adulthood come at the expense of physical health for some individuals. 

For example, higher incomes, greater educational attainment, and lower levels of depression 

and substance use have been found in a subset of adults who at the same time were more 

likely to have diabetes, metabolic syndrome, higher allostatic load (a multi-system indicator 

of physiological risk), and faster epigenetic aging (DNA methylation profiles that reflects 

the discrepancy between a person’s biological and chronological age). These patterns are 

typically found in adults characterized as high strivers in adolescence (Brody et al., 2016; 

Brody et al., 2013; Miller, Yu, Chen, & Brody, 2015; Miller, Chen, Yu, & Brody, 2020), with 

effects being more pronounced among those from low-income backgrounds or individuals of 

color. Similarly, students of color with asthma who exhibit high self-control under stressful 

school conditions have less anxiety and depression, but also worse asthma inflammatory 

profiles compared to those with low self-control (Chen et al., 2019). This pattern has 

been termed “skin-deep resilience,” reflecting the idea that ‘above the skin,’ these young 

people appear to be doing well and achieving successes by many external metrics (e.g., 

earning good incomes, good mental health profiles). However, ‘below the skin,’ these same 

individuals appear to be struggling in terms of their physical health.

One hypothesis for why skin-deep resilience occurs is that the years of persistent high effort 

that students expend to achieve academic successes can take a physiological toll on them, 

particularly for students who grow up in environments with limited economic resources. In 

these environments, students often pursue academic goals while simultaneously confronting 

barriers such as financial challenges at home and underfunded schools (Duncan & Murnane, 

2011; Chen, Brody, & Miller, in press). Furthermore, as students progress into higher 

education settings, their concentrated focus on academics and pursuit of success becomes 

increasingly solitary and associated with a weakening of important social ties, particularly 

for students of color and those from low-income neighborhoods (Destin, Rheinschmidt­

Same, & Richeson, 2017). Often these students find themselves surrounded by fewer 

students from similar backgrounds, and are more likely to experience a lack of belonging, 

as well as discrimination and microaggressions (Johnson, Richeson, & Finkel, 2011; Cole & 

Omari, 2003). These experiences result in increasing feelings of social isolation. In addition, 

connections with their communities and families of origin might progressively weaken, as 

the life experiences of these students become increasingly removed from those with whom 
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they grew up (Cole & Omari, 2003; Destin et al., 2017; Van Laar, Bleeker, Ellemers, & 

Meijer, 2014). Thus bolstering students’ academic motivation while also fostering social 

support might help prevent the emergence of skin-deep resilience. To test this question, we 

conducted a preliminary study to investigate whether the addition of an emphasis on social 

support (identifying important sources of social support and connection in students’ lives) 

to efforts to enhance academic motivation in a school setting would improve biomarkers of 

inflammation in a sample of high school students.

One commonly utilized approach to promoting academic motivation is through an 

exploration of students’ future identities. This approach is based on the notion that 

how people conceptualize their future is based on messages and experiences from their 

surrounding contexts, which shapes their current behaviors. For example, if students are 

surrounded by cues that lead them to picture a future identity involving a plausible and 

detailed route to college, they are more likely to work toward long-term academic goals 

(Destin & Oyserman, 2010; Oyserman, 2015). Identity-based motivation experiments have 

been found to improve academic motivation, engagement in schoolwork, and grades in 

comparison to students in control groups (Destin, 2017; Oyserman, Destin, & Novin, 2015; 

Oyserman, Bybee, & Terry, 2006). Other related efforts, such as getting students to consider 

how classroom topics are connected to their life goals and encouraging students to consider 

how school is connected with a sense of purpose also have increased academic achievement 

(Hulleman & Harackiewicz, 2009; Walton & Wilson, 2018; Yeager et al., 2014). However, 

connecting this literature to skin-deep resilience raises the question of whether these 

programs might be having unintended negative consequences for physiological processes 

or physical health. To our knowledge, the experimental effects of academic motivation 

programs on health-relevant biomarkers have not been previously tested.

In an initial effort to test our ideas, we conducted a preliminary study adding a social 

support component to a standard academic motivation program. Adding a social support 

emphasis is consistent with a large literature documenting that social support is beneficial 

to physical health (Cohen, 2004; Holt-Lunstad, Smith, & Layton, 2010; Uchino, Cacioppo, 

& Kiecolt-Glaser, 1996). This literature includes research linking social support specifically 

to markers of inflammation (see Uchino, 2006; Uchino et al., 2018 for reviews). In the 

present study, our key outcome variable was low-grade inflammation, given evidence of 

inflammation serving as one central biological pathway connecting childhood stress to the 

development of multiple chronic diseases in adulthood (Miller, Chen, & Parker, 2011); 

given the key role that inflammation plays in cardiovascular-related conditions such as 

obesity and atherosclerosis (Hotamisligil, 2006; Libby, Ridker, & Hansson, 2009); and 

given that markers of inflammation such as C-reactive protein (CRP) and interleukin 6 

(IL-6) have been prospectively associated with risk for Type 2 diabetes, coronary heart 

disease, and myocardial infarctions and strokes (Ridker, 2003; Ridker, Rifai, Cook, Bradwin, 

& Buring, 2005; Ridker, Hennekens, Buring, & Rifai, 2000; Ridker, Rifai, Stampfer, & 

Hennekens, 2000; Pradhan, Manson, Rifai, Buring, & Ridker, 2001; Pradhan et al., 2002). 

We hypothesized that an experimental condition that included the addition of an emphasis 

on social support to an academic motivation condition (SS+AM) would produce lower levels 

of low-grade inflammation compared to AM alone in high school students. By specifically 

comparing these two conditions in this proof-of-concept study, we conducted a conservative 
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test of the benefits of adding a social support component to an active condition that provides 

academic motivation in a school setting. Given that both conditions contained the AM 

component, we hypothesized that the two conditions would result in equivalent academic 

and motivation outcomes.

Method

Participants

Participants were 9th graders (ages 14–15) recruited from one large diverse public high 

school. Ninth grade is a critical period during the transition to a new high school context. 

During this period, students are especially attentive to social and academic norms making 

this a time when experimental programs are more likely to exert a significant effect on 

how students conceptualize themselves within the school context and in relation to their 

goals (Yeager & Walton, 2011). The study was advertised at the school through flyers, 

announcements, and information sessions. Eighty students participated in the study (being a 

preliminary proof-of-concept study, this number reflected the students we were able to enroll 

across two waves of data collection, given that the program was optional and offered during 

after school or weekend hours). In order to welcome as many students as possible, and given 

the sample of young people who in general are healthy, we kept eligibility criteria to a 

minimum and did not have health or other exclusion criteria (other than restricting the study 

to 9th graders). We also did not restrict the demographic composition of the sample in this 

initial study in order to allow for the possibility that SS+AM approaches might be beneficial 

to a wide range of students. Approval for this project was received from the university 

and school district Institutional Review Boards. Parents provided informed consent, students 

provided assent, and participating students were compensated $50 for study participation 

across the school year.

Procedures

Participants attended a baseline assessment during the fall semester (September-November) 

to complete informed consent, questionnaires, and to receive a blood draw. All assessments 

occurred in the mid- to late-afternoon (after school hours). Participants were randomly 

assigned to one of two conditions, AM or SS+AM. Because both conditions were structured 

in the same way and contained overlapping content, participants were generally unaware 

of the condition to which they had been assigned. AM/SS+AM sessions were conducted 

in small groups shortly after the baseline assessment (sessions also occurred between 

September-November). In total, there were 4 sessions, each one-hour long. All were 

conducted within the space of one week during after school or weekend hours, and were 

led by graduate students or trained undergraduate research assistants. At the end of spring 

semester (April-May), participants completed the same set of measures in a follow-up 

assessment as they did at baseline.

Experimental Conditions

AM: In keeping with many social psychological approaches to enacting change in 

educational settings (Yeager & Walton, 2011), experimental conditions were kept relatively 

brief and targeted students’ thoughts and beliefs. Ninth graders completed sessions that 
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were facilitated in small groups at the high school outside of school time. The sessions 

were based on a previously validated future identity school-based curriculum (Oyserman, 

2015). All sessions included a combination of engaging discussions and activities. The first 

session focused on introductions, expectations, and team building. In session two, students 

explored possible images of adulthood and related goals. In session three, students created 

and shared timelines drawing detailed connections and pathways from their current and 

proximal behaviors to their future identities. In the final session, students discussed facing 

everyday challenges and problems and reviewed specific information about high school 

courses and college requirements.

SS+AM: Students completed sessions with the same curriculum as students in the AM 

groups, however each discussion and activity included a specific emphasis on the role 

of important sources of social support and connection. For example, their introductions 

included a discussion of significant people in their lives, the activities related to goals and 

courses included detailed consideration of how to reach out for help, and the discussion of 

future pathways incorporated writing about how important people will remain a part of their 

lives.

Measures

Low-grade inflammation.—Antecubital blood was collected into an 8.5mL serum 

separator tube. We measured two of the most commonly assessed biomarkers of 

inflammation, CRP and IL-6 (Del Giudice & Gangestad, 2018), both of which are 

associated with future type 2 diabetes, myocardial infarctions, and other cardiovascular 

events (Pradhan et al., 2001; Ridker et al., 2000; Ridker, 2003). CRP was measured in 

duplicate by high-sensitivity immunoturbidimetric assay on a Roche/Hitachi cobas c502 

analyzer. IL-6, a cytokine that orchestrates inflammation, was measured in duplicate by 

electrochemiluminescence on a SECTOR Imager 2400A (MesoScale Discover). Raw values 

of each marker were log transformed to correct for their non-normal distribution. An 

inflammation composite was computed by standardizing and averaging CRP and IL-6 

values, given the significant correlation between the two measures at baseline (r=.51, 

p<.001), and their interconnection biologically (IL-6 stimulates the production of CRP in 

the liver; Del Giudice & Gangestad, 2018). This approach is consistent with previous studies 

(Bertoni et al., 2010; Koukkunen et al., 2001).

Grade Point Average (GPA).—Cumulative unweighted GPA was provided at the end of 

the school year by the high school.

Motivation.—The Grit scale was used, which contains eight items probing the tendency 

to engage in sustained effort toward long-term goals and to maintain consistent interests 

and goals over time, rated on a 5 point scale (Duckworth & Quinn, 2009). This is a widely 

used, validated indicator of student perseverance toward goals that has been validated in this 

age group and is predictive of student achievement (Duckworth & Quinn, 2009; Duckworth, 

2016). Studies have shown that short-term changes in response to experimental manipulation 

can be detected in this measure (Jones, Destin, & McAdams, 2018). Cronbach’s alpha 
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ranged from .73–.75 across the two time points, and the correlation across time for this 

measure was .77. Higher scores indicate greater motivation.

Social support.—As a manipulation check, the Harter Social Support Scale for Children 

was administered, a widely used and extensively validated self-report instrument (Harter, 

1985). Participants report the degree to which they perceive social support from others on 

a 4-point scale. Cronbach’s alpha ranged from .79–.83 across the two time points, and 

the correlation across time for this measure was .38 in this sample. Higher scores indicate 

greater perceived support.

Body mass index.—Height and weight were measured during the baseline session 

using a medical-grade balance beam scale with stadiometer. Body mass index (BMI) was 

calculated as weight in kilograms divided by height in meters squared.

Statistical Analyses

T-tests were used to compare groups at baseline. Primary analyses were analyses of 

covariance (ANCOVA), which were used to test group differences at follow-up covarying 

baseline levels of outcome variables (this is statistically equivalent to testing change scores 

covarying baseline). In secondary analyses, BMI was also included as a covariate for 

inflammation outcomes. For GPA, a t-test was used because there was no baseline GPA 

available (given that GPAs came from high school records, and that the sample consisted of 

9th graders just starting high school at the time of the baseline assessment).

There was some incomplete participation and missing data in this sample. 86% of students 

attended all experimental sessions. At follow-up, seven students had moved schools, and 

we were unable to reach eight students. These 15 students did not have psychosocial or 

inflammation follow-up data, and hence were not included in analyses of these outcomes. 

However all students who had not moved schools were included in GPA analyses, given that 

these data came from school records.

RESULTS

Descriptive and Baseline Information

The sample was 41% male students, 46% White, 24% Black, 22% Latinx, and 5% Asian 

(the rest were ‘other’). Thirty-one percent were from lower socioeconomic status families 

(roughly defined in this study as the family living in an apartment rather than a house). 

The racial/ethnic and socioeconomic breakdown of the sample were comparable to the 

high school’s demographics (46% White, 27% Black, 18% Latinx, 6% Asian, 36% low­

income). There were no differences between the two groups at baseline on demographic, 

inflammation, or psychosocial measures (all p’s >.05). Because the sample consisted of 9th 

graders, we did not have GPA data from the high school at baseline. However, students 

did self-report their previous grades at baseline, and there were no differences at baseline 

between the two groups on self-reported grades (p>.3). In addition, there was no evidence 

that our sample differed from the overall student body of the high school in terms of GPA in 

their first semester of high school (p>.3)
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Manipulation check.—To assess whether our experimental condition altered social 

support, we conducted a manipulation check using a paired samples t-test contrasting 

support scores from baseline to follow up in the SS+AM group. The SS+AM group was 

found to marginally increase in social support across the school year (baseline M=3.22, 

SD=.78, follow-up M=3.45, SD=.66, t=1.92, p=.06). In contrast, the AM only group did not 

show changes in social support across the year (t=1.21, p=.24).

Primary Analyses

Low-grade inflammation.—A significant effect of condition emerged for the 

inflammation composite (F=4.23, p=.044; AM estimated marginal mean at end of school 

year covarying baseline levels=.16, standard error of the mean, SEM=0.11. SS+AM mean= 

−.15, SEM=.10, Cohen’s d=.51). The SS+AM group had significantly lower levels of 

inflammation at follow-up, after covarying baseline levels, compared to the AM group (see 

Figure 1 and Table 1).

In secondary analyses, we controlled for BMI. The effect of condition remained significant 

after including this additional covariate, with the SS+AM group having significantly lower 

levels of inflammation at follow-up, after covarying baseline levels, compared to the AM 

group (F=4.42, p=.04; AM estimated marginal mean at end of school year covarying 

baseline levels =.16, SEM=.10. SS+AM mean= −.15, SEM=.10). When inflammatory 

markers were analyzed separately, this effect controlling for BMI was significant for 

CRP (F=4.98, p=.029; AM log-transformed mean=−.27, SEM=.06. SS+AM mean= −.44, 

SEM=.05), but not IL-6 (F=.29, p=.59; AM log-transformed mean=−.13, SEM=.04. SS+AM 

mean=−.16, SEM=.04).

Academic/psychological outcomes.—The AM and SS+AM groups were equivalent 

on end-of-year GPA (t=.361, p=.719; AM mean=3.15, SEM=.13. SS+AM mean=3.22, 

SEM=.13), and on follow-up motivation, covarying baseline levels (F=.044, p=.835; AM 

estimated marginal mean at end of school year covarying baseline levels =3.25, SEM=0.07. 

SS+AM mean=3.27, SEM=.07). See Table 1 for means and standard deviations of outcome 

variables by group.

DISCUSSION

The results of this proof-of-concept experimental study suggest that adding an emphasis on 

social support to academic motivation efforts in a school setting has the potential to reduce 

low-grade inflammation without coming at a cost to academic outcomes in high school 

9th graders. Students who received a previously validated curriculum to improve academic 

motivation with an added emphasis on social support showed lower levels of low-grade 

inflammation at the end of the school year compared to AM alone, whereas the two groups 

did not differ on end-of-year motivation or grades. This design represented a conservative 

test of study hypotheses, as we compared two active conditions that were identical in terms 

of content related to academic motivation, but where one was supplemented with discussions 

about social support. To the best of our knowledge, this is the first experimental study of 

academic motivation that includes biomarkers of inflammation as an outcome.
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We speculate that one reason for the inflammation differences may be that for some 

students, sustained academic motivation and academic successes are accompanied by 

feelings of pressure and sometimes have to involve largely independent efforts on the 

student’s part. This might occur if, for example, students’ families do not have much 

available time or experience to guide their high school student academically, or if their 

school lacks resources to adequately support the student in their academic endeavors. As 

a result, for some students, as they progress into higher education settings, their focus 

on academics and pursuit of success becomes more solitary and may be associated with 

a weakening of social ties (Destin et al., 2017). This may result in increasing feelings 

of social isolation for certain students who are high academic strivers. This persistent 

academic striving combined with perceived social isolation may be experienced by students 

as stressful, with resulting implications for stress-responsive physiological systems. Thus 

efforts to bolster social support in the context of school settings may help to strengthen 

students’ support networks and social connections as they face academic challenges, 

and potentially improve health-relevant physiological indicators, such as biomarkers of 

inflammation.

Our decision to evaluate outcomes toward the end of the academic year is in alignment 

with theoretical perspectives from social and educational psychology which suggest 

that educational contexts shape student experiences and outcomes over time. The study 

manipulation occurred during a specific developmental period (the transition to high school) 

when meaningful shifts in how young people interpret, experience, and engage with their 

learning contexts can get reinforced in ways that can sustain and amplify effects over time 

(Yeager & Walton, 2011). Our findings are consistent with previous research in which brief 

interventions in an educational context have been found to have lasting effects on outcomes, 

even years later (Oyserman et al., 2006; Yeager & Walton, 2011).

We found no differences at follow-up in motivation between the two groups, which was 

consistent with our predictions; however, it also appeared that there was little change in 

motivation over time. Other research on motivation during adolescence demonstrates a 

normative decline in levels of academic motivation and achievement across the adolescent 

years (Oyserman et al., 2006). The present study’s findings are consistent with the notion 

that often effective interventions are those that reduce or eliminate the drop in motivation 

and achievement, rather than expecting interventions to increase motivation (e.g., Oyserman 

et al., 2006).

In the present study, we focused on biomarkers of inflammation as an outcome given 

that our sample was young and non-clinical. Measuring inflammation in young people 

allows us to tap a key precursor to potential later adult diseases, given robust evidence that 

inflammation serves as an important pathway between early life psychosocial conditions and 

the development of multiple chronic diseases in adulthood (Miller et al., 2011). Biomarkers 

of inflammation measured in childhood or adolescence have health-relevance in being 

associated with clinical outcomes such as adiposity, blood pressure, metabolic syndrome, 

carotid intima-media thickness, lesions in the coronary artery, and premature coronary heart 

disease (Balagopal et al., 2011; Celermajer & Ayer, 2006; Groner, Joshi, & Bauer, 2006). In 

this study, we focused on two of the most commonly assessed biomarkers of inflammation 
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in the literature, CRP and IL-6 (Del Giudice & Gangestad, 2018); when analyzed separately, 

effects were found to be more evident for CRP.

Strengths of this study include a theoretically designed set of materials for the student 

sessions, the conduct of this study in a real-world setting (a diverse public high school), 

and the biological markers of inflammation measured (rather than relying on self-reports 

of health). Limitations of this study include the small sample size. This sample was small 

because it was a preliminary proof-of-concept study. Future larger and more rigorous trials 

are needed to determine the replicability and robustness of these findings. This would 

include studies with larger samples sizes, and studies with more stringent exclusion criteria 

(e.g., medical and psychiatric conditions). Another limitation is the lack of a comparison 

group that received neither academic motivation nor social support. In part, this was done 

to align ourselves with school efforts to make academic support programs available to all 

students; one strength is that this then provides a more conservative study design, given that 

all students received an active condition. In addition, in this study, we opened participation 

to 9th graders more generally, rather than limiting participation to only certain groups of 

students, such as those from low-income backgrounds or students of color. This was done 

because we thought the addition of social support might be helpful to a wide range of 

students. Consistent with this notion, there are some recent studies on skin-deep resilience 

that have documented effects across multiple racial/ethnic groups (Chen et al., 2020; Miller 

et al., 2020). Nonetheless, the majority of skin-deep resilience research suggests that the 

benefits seen in this study might be even more pronounced amongst students who come 

from low-income backgrounds or students of color. This needs to be empirically tested 

in future studies. Finally future studies should test effects on clinical health outcomes, 

on other academic outcomes, and examine whether longer periods of participation in the 

experimental conditions could produce more sustained effects.

This study was intended as a proof-of-concept of the idea that academic motivation efforts 

supplemented with a social support emphasis could potentially benefit biomarkers of 

inflammation in high school students. Future studies will need to test the reproducibility 

of these effects in larger, more rigorous trials. If replicated, such effects might suggest that 

we should be considering students more holistically, and broadening the content of academic 

motivation programs to be mindful of physical health while encouraging academic success 

in students.

Funding -

Russell Sage Foundation, William T. Grant Foundation, and NIH grant HL136676.

REFERENCES

Balagopal P, de Ferranti SD, Cook S, Daniels SR, Gidding SS, Hayman LL, … Steinberger J (2011). 
Nontraditional risk factors and biomarkers for cardiovascular diseases: Mechanistic, research, and 
clinical considerations for youth. A scientific statement from the American Heart Association. 
Circulation, 123, 2749–2769. [PubMed: 21555711] 

Bertoni AG, Burke GL, Owusu JA, Carnethon MR, Vaidya D, Barr RG, … Rotter JI (2010). 
Inflammation and the incidence of type 2 diabetes: the Multi-Ethnic Study of Atherosclerosis 
(MESA). Diabetes Care, 33(4), 804–810. doi:10.2337/dc09-1679 [PubMed: 20097779] 

Chen et al. Page 9

J Behav Med. Author manuscript; available in PMC 2022 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Brody GH, Yu T, Chen E, Miller GE, Kogan SM, & Beach SRH (2013). Is resilience only skin deep? 
Rural African Americans’ preadolescent socioeconomic status-related risk and competence and age 
19 psychological adjustment and allostatic load. Psychological Science, 24, 1285–1293. [PubMed: 
23722980] 

Brody GH, Yu T, Miller GE, & Chen E (2016). Resilience in adolescence, health, and psychosocial 
outcomes. Pediatrics, 138, e20161042. [PubMed: 27940681] 

Celermajer DS, & Ayer JGJ (2006). Childhood risk factors for adult cardiovascular disease and 
primary prevention in childhood. Heart, 92, 1701–1706. [PubMed: 17041125] 

Chen E, Brody GH, & Miller GE (in press). What are the health consequences of upward mobility? 
Annual Review of Psychology.

Chen E, Shalowitz MU, Story RE, Hayen R, Leigh AKK, Hoffer LC, … Miller GE (2019). The 
costs of high self-control in Black and Latino youth with asthma: Divergence of mental health and 
inflammatory profiles. Brain Behavior and Immunity, 80, 120–128.

Chen E, Yu T, Siliezar R, Drage JN, Dezil J, Miller GE, & Brody GH (2020). Evidence for skin-deep 
resilience using a co-twin control design: Effects on low-grade inflammation in a longitudinal study 
of youth. Brain, Behavior, and Immunity, 88, 661–667.

Cohen S (2004). Social relationships and health. American Psychologist, 59, 676–684.

Cole ER, & Omari SR (2003). Race, class and the dilemmas of upward mobility for African 
Americans. Journal of Social Issues, 59, 785–802.

Del Giudice M, & Gangestad SW (2018). Rethinking IL-6 and CRP: Why they are more than 
inflammatory biomarkers, and why it matters. Brain Behavior and Immunity, 70, 61–75.

Destin M, & Oyserman D (2010). Incentivizing education: Seeing schoolwork as an investment, not a 
chore. J Exp Soc Psychol, 46(5), 846–849. doi:10.1016/j.jesp.2010.04.004 [PubMed: 20824201] 

Destin M (2017). An open path to the future: Perceived financial resources and school motivation. 
Journal of Early Adolescence, 37, 1004–1031.

Destin M, Rheinschmidt-Same M, & Richeson JA (2017). Status-based identity: A conceptual 
approach integrating the social psychological study of socioeconomic status and identity. 
Perspectives on Psychological Science, 12, 270–289. [PubMed: 28346114] 

Duckworth A (2016). Grit: The Power of Passion and Perseverance. New York, NY: Scribner.

Duckworth AL, & Quinn PD (2009). Development and validation of the short Grit Scale (Grit-S). 
Journal of Personality Assessment, 91, 166–174. [PubMed: 19205937] 

Duncan GJ, & Murnane RJ (2011). Whither opportunity? Rising inequality, schools, and children’s life 
chances. New York, NY: Russell Sage Foundation.

Groner JA, Joshi M, & Bauer JA (2006). Pediatric precursors of adult cardiovascular disease: 
Noninvasive assessment of early vascular changes in children and adolescents. Pediatrics, 118, 
1683–1691. [PubMed: 17015562] 

Harter S (1985). Manual for the Social Support Scale for Children. University of Denver_.

Holt-Lunstad J, Smith TB, & Layton JB (2010). Social relationships and mortality risk: a 
meta-analytic review. PLoS Med, 7(7), e1000316. doi:10.1371/journal.pmed.1000316 [PubMed: 
20668659] 

Hotamisligil GS (2006). Inflammation and metabolic disorders. Nature, 444(7121), 860–867. 
doi:10.1038/nature05485 [PubMed: 17167474] 

Hulleman CS, & Harackiewicz JM (2009). Promoting interest and performance in high school science 
classes. Science, 326, 1410–1412. [PubMed: 19965759] 

Johnson SE, Richeson JA, & Finkel EJ (2011). Middle class and marginal? Socioeconomic status, 
stigma, and self-regulation at an elite university. Journal of Personality and Social Psychology, 
100, 838–852. [PubMed: 21280968] 

Jones BK, Destin M, & McAdams DP (2018). Telling better stories: Competence-building narrative 
themes increase adolescence persistence and academic achievement. Journal of Experimental 
Social Psychology, 76, 76–80.

Koukkunen H, Penttila K, Kemppainen A, Halinen M, Penttila I, Rantanen T, & Pyorala K (2001). 
C-reactive protein, fibrinogen, interleukin-6 and tumour necrosis factor-a in the prognostic 
classification of unstable angina pectoris. Annals of Medicine, 33, 37–47. [PubMed: 11310937] 

Chen et al. Page 10

J Behav Med. Author manuscript; available in PMC 2022 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Libby P, Ridker PM, & Hansson GK (2009). Inflammation in atherosclerosis: from pathophysiology 
to practice. J Am Coll Cardiol, 54(23), 2129–2138. doi:10.1016/j.jacc.2009.09.009 [PubMed: 
19942084] 

Miller GE, Chen E, Yu T, & Brody GH (2020). Youth who achieve upward socioeconomic mobility 
display lower psychological distress but higher metabolic syndrome rates as adults: Prospective 
evidence from the National Study of Adolescent Health and the Midlife in the United States Study. 
Journal of the American Heart Association, 9, e015698. [PubMed: 32340532] 

Miller GE, Chen E, & Parker KJ (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. doi:10.1037/a0024768 [PubMed: 21787044] 

Miller GE, Yu T, Chen E, & Brody GH (2015). Self-control forecasts better psychosocial outcomes 
but faster epigenetic aging in low-SES youth. Proceedings of the National Academy of Sciences, 
112(33), 10325–10330. doi:10.1073/pnas.1505063112

Moffitt TE, Arseneault L, Belsky D, Dickson N, Hancox RJ, Harrington H, … Caspi A (2011). A 
gradient of childhood self-control predicts health, wealth, and public safety. Proc Natl Acad Sci U 
S A, 108(7), 2693–2698. doi:10.1073/pnas.1010076108 [PubMed: 21262822] 

Oyserman D, Bybee D, & Terry K (2006). Possible selves and academic outcomes: How and when 
possible selves impel action. J Pers Soc Psychol, 91(1), 188–204. doi:10.1037/0022-3514.91.1.188 
[PubMed: 16834488] 

Oyserman D (2015). Pathways to Success through Identity-based Motivation. New York, NY: Oxford 
University Press.

Oyserman D, Destin M, & Novin S (2015). The context-sensitive future self: Possible selves motivate 
in context, not otherwise. Self and Identity, 14, 173–188.

Pradhan AD, Manson JE, Rifai N, Buring JE, & Ridker PM (2001). C-reactive 
protein, interleukin 6, and risk of developing type 2 diabetes mellitus. 
JAMA, 286(3), 327–334. Retrieved from http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?
cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11466099 [PubMed: 11466099] 

Pradhan AD, Manson JE, Rossouw JE, Siscovick DS, Mouton CP, Rifai N, … Ridker PM (2002). 
Inflammatory biomarkers, hormone replacement therapy, and incident coronary heart disease: 
Prospective analysis from the Women’s Health Initiative observational study. Jama-Journal of the 
American Medical Association, 288(8), 980–987. Retrieved from ISI:000177656400023

Ridker PM (2003). Clinical application of C-reactive protein for cardiovascular disease detection 
and prevention. Circulation, 107(3), 363–369. Retrieved from http://www.ncbi.nlm.nih.gov/
entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=12551853 [PubMed: 
12551853] 

Ridker PM, Rifai N, Cook NR, Bradwin G, & Buring JE (2005). Non-HDL cholesterol, 
apolipoproteins A-I and B100, standard lipid measures, lipid ratios, and CRP as risk factors for 
cardiovascular disease in women. JAMA, 294(3), 326–333. doi:10.1001/jama.294.3.326 [PubMed: 
16030277] 

Ridker PM, Hennekens CH, Buring JE, & Rifai N (2000). C-reactive protein and other markers of 
inflammation in the prediction of cardiovascular disease in women. New England Journal of 
Medicine, 342(12), 836–843. Retrieved from ISI:000086014100002

Ridker PM, Rifai N, Stampfer MJ, & Hennekens CH (2000). Plasma concentration of interleukin-6 
and the risk of future myocardial infarction among apparently healthy men. Circulation, 101(15), 
1767–1772. Retrieved from ISI:000086812900004 [PubMed: 10769275] 

Uchino BN (2006). Social support and health: A review of physiological processes potentially 
underlying links to disease outcomes. Journal of Behavioral Medicine, 29, 377–387. [PubMed: 
16758315] 

Uchino BN, Trettevik R, Kent de Grey RG, Cronan S, Hogan J, & Baucom BRW (2018). Social 
support, social integration, and inflammatory cytokines: A meta-analysis. Health Psychology, 37, 
462–471. [PubMed: 29565600] 

Uchino BN, Cacioppo JT, & Kiecolt-Glaser JK (1996). The relationship between social support and 
physiological processes: a review with emphasis on underlying mechanisms and implications for 
health. Psychological Bulletin, 119(3), 488–531. [PubMed: 8668748] 

Chen et al. Page 11

J Behav Med. Author manuscript; available in PMC 2022 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11466099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11466099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=12551853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=12551853


Van Laar C, Bleeker D, Ellemers N, & Meijer E (2014). Ingroup and outgroup support for upward 
mobility: Divergent responses to ingroup identification in low status groups. European Journal of 
Social Psychology, 44, 563–577.

Walton GM, & Wilson TD (2018). Wise interventions: Psychological remedies for social and personal 
problems. Psychological Review, 125, 617–655. [PubMed: 30299141] 

Yeager DS, & Walton GM (2011). Social-psychological interventions in education: They’re not magic. 
Review of Educational Research, 81, 267–301.

Yeager DS, Henderson MD, Paunesku D, Walton GM, D’Mello S, Spitzer BJ, & Duckworth AL 
(2014). Boring but important: a self-transcendent purpose for learning fosters academic self­
regulation. J Pers Soc Psychol, 107(4), 559–580. doi:10.1037/a0037637 [PubMed: 25222648] 

Chen et al. Page 12

J Behav Med. Author manuscript; available in PMC 2022 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Inflammation composite (log-transformed, standardized, and averaged values of CRP and 

IL-6) at the end of the school year, adjusted for baseline levels, by experimental group. Error 

bars represent standard errors of the mean.
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Table 1.

Means and Standard Deviations of Outcome Variables at Baseline and Follow-Up by Group

Academic Motivation Academic Motivation + Social Support

Baseline Follow-Up Baseline Follow-Up

M SD M SD M SD M SD

CRP (mg/L) 0.80 .96 0.77 0.76 0.72 1.21 0.51 0.62

IL-6 (pg/mL) 0.84 .69 0.88 0.52 0.92 0.89 0.88 0.66

GPA 3.15 0.76 3.22 0.79

Motivation 3.21 .55 3.24 0.60 3.14 0.56 3.27 0.55

Note: CRP=C reactive protein. IL-6=interleukin 6. GPA = cumulative grade point average at the end of the school year. Motivation = score on Grit 
questionnaire.
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