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A B S T R A C T   

Allostatic load refers to wear and tear on the body due to repeated activation of the stress response and, thus, 
may be an early subclinical indicator of future disease and mortality risk. To date, few studies of allostatic load 
have focused on young adults, racial/ethnic comparisons that include Mexican Americans, or the interplay be-
tween race/ethnicity, gender, and educational attainment. To fill these gaps, we used data on non-Hispanic 
Black, non-Hispanic White, and Mexican-origin respondents from Waves I (1994–1995) and IV (2007–2008) 
of the National Longitudinal Study of Adolescent to Adult Health (Add Health; N = 11,807). We calculated 
allostatic load scores based on respondents’ values for 10 metabolic, cardiovascular, and inflammatory bio-
markers measured at Wave IV, when respondents were 24–34 years old. We then used negative binomial 
regression models to assess the combined effects of race/ethnicity, gender, and educational attainment on 
allostatic load, while controlling for key covariates. We found that Black women had significantly higher allo-
static load scores than White women and Black men, net of educational attainment and other covariates. Yet, 
education modified the relationship between race/ethnicity, gender, and allostatic load. Obtaining a college 
education was protective for White males and females but no more or less protective for other women and 
deleterious for Black males. In other words, by the time they reach young adulthood, the cumulative physio-
logical burden of stress on Black women and college-educated Black men is already greater than it is among their 
similarly or less educated White counterparts. These findings provide important information about the inter-
mediate physiological dysregulation that underlies social inequalities in stress-related health outcomes, espe-
cially those that occur at the intersections of race/ethnicity, gender, and educational attainment. They also 
suggest that research on its antecedents should focus on earlier life periods.   

1. Introduction 

A large body of scholarly literature documents racial/ethnic, gender, 
and socioeconomic disparities in morbidity and mortality. In the social 
sciences and beyond, it is widely accepted that these disparities are 
rooted in broader social inequalities. Given this connection and the 
related conclusion that health disparities are, thus, avoidable and unfair, 
many scholars now use the term “health inequities” instead (Carter--
Pokras 2002). Moreover, a growing amount of research has been 
devoted to uncovering the processes and mechanisms through which 
social inequalities translate into health inequities. A leading candidate is 
the stress process—i.e., the process whereby exposure to stress produces 
deleterious effects on mental and physical well-being if not mitigated by 

adaptive coping and social resources (Pearlin, 1989; 1999). Specifically, 
sociology of health scholars argue that differential exposure to stressful 
experiences is a key contributor to racial/ethnic, gender, and socio-
economic inequities in health (Thoits, 2010; Turner, 2013). This argu-
ment is rooted in sociological theories regarding the social patterning of 
the stress process (Pearlin, 1989; 1999). These theories posit that macro- 
and meso-level structural conditions perpetuate social inequalities that, 
in turn, generate differences in both exposure to stressors and access to 
stress buffers (Gee et al., 2019). Ample research provides support for 
these theories, frequently finding that members of disadvantaged social 
status groups (e.g., low socioeconomic status (SES), racial/ethnic mi-
norities) experience greater exposure to chronic stress and have fewer 
adaptive coping and social resources to buffer the negative effects of 
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stress on health (Thoits, 2010; Turner, 2013).1 

An intersectionality perspective on this social stress process requires 
that we also consider the ways in which social statuses, e.g., race/ 
ethnicity and gender, simultaneously structure exposure to social 
stressors and the lived experience2 of them (Collins 2000; Crenshaw, 
1989). For example, Black women are simultaneously located at the 
bottom of both the race/ethnicity and gender hierarchies, which 
together contribute to their experience of “a double load of discrimi-
nation” (Borrell et al., 2006) and their lower class status (Elemelch and 
Lu 2004; Chang, 2006). These burdens are compounded by the social 
and economic consequences of being the daughters, partners, and 
mothers of Black men, who have disproportionately high rates of un-
employment, incarceration, and premature mortality (U.S. Bureau of 
Labor Statistics, 2018; DeVuono-Powell et al., 2015; Xu et al., 2010). 
Moreover, the absence of personal and social resources to meet the de-
mands of these stressors often leads Black women to engage in high 
effort coping which, together with the stressors themselves, could hasten 
the higher rates of stress-related health outcomes we find among them 
(Geronimus, 1992; Mullings & Wali, 2001; Read & Gorman, 2006; 
Warner & Brown, 2011). Interestingly, recent studies are beginning to 
find that the intersection of race/ethnicity and gender similarly disad-
vantages women of Mexican origin in the U.S., although the effects on 
their health are less pronounced than they are for Black women (Hum-
mer & Gutin, 2018; Richardson & Brown, 2016). While some of the 
stressors experienced by Mexican-origin women overlap with those of 
Black women (e.g., racism- and SES-related stressors), they experience a 
unique set of stressors related to immigration and family matters 
(Viruell-Fuentes, 2007; Goodkind et al., 2008). 

The assertions stemming from this intersectionality perspective on 
stress-related illness are consistent with Geronimus’ (1992, 1996, 2001) 
weathering hypothesis, which was proposed to account for the obser-
vation that Black women’s health begins to decline earlier in the life 
course than White women’s health. Specifically, she argues that a 
number of race-related stressors (or “insults to health”), such as 
discrimination, racial differences in exposures to psychosocial or envi-
ronmental hazards, and low SES, lead to accelerated aging (“weath-
ering”)—i.e., an earlier onset and more rapid progression of health 
decline—among Black women compared to White women. Multiple 
studies have confirmed the age pattern described by the weathering 
hypothesis (e.g., Geronimus et al., 2006); however, tests of the hy-
pothesized stressors or other pathogenic processes that precipitate the 
pattern are lacking. Nonetheless, the biological plausibility of such 
theories is widely acknowledged, given the known involvement of 
multiple physiological regulatory systems when the body responds to 
stress—i.e., the same systems in which dysregulation precipitates illness. 
However, operationalizing them—and, more specifically, confirming 
the process through which social stressors are theorized to “get under 
the skin” and produce health inequities—has been a challenge for social 

scientists and public health scholars alike. 
The concept of allostatic load offers a response to this challenge. 

Indeed, allostatic load is now conceptualized to be a key mechanism by 
which the chronic stress of social disadvantage/discrimination trans-
lates into adverse health outcomes and inequities (Rodriquez, Kim, 
Sumner, Nápoles, & Pérez-Stable, 2019). Introduced over 20 years ago, 
allostatic load refers to physiological wear and tear on the body due to 
repeated activation of the stress response. When operationalized, it is 
considered to be a measure of the cumulative impact of social, psycho-
logical, or environmental stressors on the regulatory systems involved in 
the generalized physiological stress response (Crimmins & Seeman, 
2004; McEwen, 1998; McEwen & Stellar, 1993). These systems include 
primary mediators of stress (i.e., cortisol, noradrenaline, epinephrine, 
and dehydroepiandrosterone sulfate (DHEA-S), which are rapidly 
released by the hypothalamic-pituitary-adrenal (HPA) axis in response 
to stress. Under normal conditions, the release of these primary medi-
ators ceases after the response (i.e., after adaptation to the stressor is 
achieved). In the case of chronic or repeated stress, however, this 
adaptation process may fail, resulting in the continuous release of pri-
mary mediators. This flood, in turn, leads to the dysregulation of 
metabolic, inflammatory, and cardiovascular biomarkers, as evidenced 
by elevated blood pressures, cholesterol levels, and glycated hemoglobin 
levels (McEwen & Seeman, 1999). These secondary outcomes are 
antecedent to tertiary outcomes, such as cardiovascular disease, dia-
betes, decreased cognitive and physical functioning (Seeman et al., 
1997, 2001), and increased risk for mortality (Juster et al., 2010). Thus, 
a high allostatic load level prior to the onset of secondary or tertiary 
outcomes may represent an early subclinical indicator of future disease 
and mortality risk. In fact, ample empirical support for this assertion has 
amassed during the last two decades (Beckie, 2012; Borrell et al., 2020). 

The findings of prior research on social inequalities in allostatic load 
also overwhelmingly support the theory that chronic exposure to social 
stress increases physiological wear and tear on the body as evidenced by 
higher levels of allostatic load. Previous studies of racial/ethnic 
differences in allostatic load, for example, have consistently found 
higher allostatic load levels among non-Hispanic Blacks than among 
non-Hispanic Whites and people of Mexican origin (Peek et al., 2010; 
Rainisch & Upchurch, 2013)—a difference that persists when SES is 
taken into account (e.g., Chyu & Upchurch, 2018). Research on 
racial/ethnic differences in allostatic load also suggests that they are 
gendered. For example, in a nationally representative sample of women 
over 18 years old, Chyu and Upchurch (2011) found that Black women 
had the highest predicted allostatic load levels relative to women in 
other racial/ethnic groups; and foreign-born Mexican women had lower 
predicted allostatic load levels than U.S.-born Mexican women. 
Similarly, in Geronimus et al.’s (2006) study of age patterns of allostatic 
load scores among Black and White working-aged adults in the U.S., they 
found that Black females had the highest probability of high allostatic 
load compared to their same race male counterparts, White males, and 
White females. Bird et al. (2010) also found that Black females had 
higher allostatic load levels than their White and male counterparts. 

A separate body of literature on SES differences in allostatic load 
also exists. Most studies have found a social gradient in allostatic load 
(i.e., an inverse graded relationship between SES and allostatic load) or 
simply that individuals with low SES have higher allostatic load levels 
than individuals with higher SES (Seeman et al., 2004, 2008; Gustafsson 
et al., 2011; Chyu & Upchurch, 2018). Bird et al. (2010) identified the 
same pattern, using a neighborhood-level measure of SES. Another study 
found that people who were persistently poor throughout their lives had 
higher allostatic load levels than others who had any periods of high SES 
in their lives (Gruenewald et al., 2012). However, the relationship 
between SES and allostatic load may be complicated by race/ethnicity 
(or vice versa). For example, in their analysis of racial/ethnic differences 
in allostatic load by education level, Howard and Sparks (2015) found 
that the largest differences were between college-educated Mexican 
Americans and Whites, and between college-educated non-Hispanic 

1 A large literature documents the relatively favorable health of immigrants 
in the United States, including those of Mexican origin (Kaestner et al., 2009; 
Viruell-Fuentes, 2007). This has been described as an epidemiologic paradox 
because of the low socioeconomic status and stressful social conditions in which 
immigrant populations tend to live. Explanations for this paradox focus on 
healthy selection of immigrants upon arrival in the United States, healthy 
behavior, and strong supportive family and social networks. Given the 
complexity of the issues, we do not focus on the health of immigrant pop-
ulations in the United States. We urge future researchers to consider focusing on 
the stress-health relationship among immigrants and especially so given the 
stressful social and political context in which immigrants live in the 21st cen-
tury United States.  

2 Of particular relevance here are feminist perspectives on lived experience 
that conceptualize it in terms of how social structural arrangements shape in-
dividual subjectivities and intersubjective meanings and experiences (e.g., 
Beauvoir, 1989), and that consider it a point of entry into larger questions of 
power and knowledge (Collins, 1990). 
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Blacks and Whites, and that there were no racial/ethnic differences at 
low levels of education. 

To our knowledge, no previous studies of allostatic load have simul-
taneously treated measures of race/ethnicity, gender, and SES as focal 
variables in the analysis; they have either controlled for at least one of 
these three social status variables analytically or restricted its variability 
via exclusion (for example, samples that focus exclusively on women (e.g., 
Chyu & Upchurch, 2011, 2018), Hispanics/Latinos (e.g., Yellow Horse & 
Santos-Lozada, 2019 or Blacks (e.g., Doamekpor & Dinwiddie, 2015; 
Hickson et al., 2012). In addition, the vast majority of the aforementioned 
allostatic load studies have relied on data from the National Health and 
Nutrition Examination Survey (NHANES), a nationally representative 
sample of adults spanning the late teens, young adult years, and middle to 
late ages (see reviews by Duong et al., 2017; Juster et al., 2010; Beckie, 
2012; Johnson et al., 2017). In their study of age patterns of allostatic load 
in NHANES, however, Geronimus et al. (2006) convincingly showed that 
young adulthood (or perhaps the period immediately prior to it) may be a 
critical period for the differential accumulation of biological risk due to 
social stress; it is during and after this period that health inequities 
appeared to widen dramatically. Thus, our study focuses squarely on 
young adulthood and seeks to contribute new knowledge about the 
associations between race/ethnicity, gender, SES, and allostatic load 
using data from a nationally representative sample of young adult men 
and women in the U.S. 

Though narrowing the age period of interest obviates our ability to 
examine age patterns of allostatic load, we extend Geronimus et al.’s (2006) 
study by including people of Mexican origin and using educational 
attainment—a more consistent and reliable predictor of health than 
income-based measures of SES like the one they used (Winkleby et al., 1992). 
We also aimed to further test the utility of an intersectional approach to 
research on stress-related health inequities by investigating whether and 
how race/ethnicity, gender, and educational attainment combine to produce 
differences in the physiological dysregulation that underlies them. Toward 
this end, we used data on a nationally representative sample of non-Hispanic 
Black, non-Hispanic White, and Mexican-origin young adults to test 
hypotheses associated with two main research questions: (1) How do 
race/ethnicity and gender combine to produce inequities in allostatic load? 
and (2) How does educational attainment influence the relationships 
among race/ethnicity, gender, and allostatic load? We hypothesized an 
intersectional effect of race/ethnicity and gender, as well as race/ethnicity, 
gender, and educational attainment, on allostatic load, which would be 
indicated by variation in allostatic load across groups and by higher allostatic 
load scores among people with intersecting disadvantages (e.g., Black ×
female or Black × less educated × female) than other race/ethnicity-gender 
or race/ethnicity-education-gender groups. 

2. Materials and methods 

2.1. Sample 

We used restricted-use data from Waves I and IV of the National 
Longitudinal Study of Adolescent to Adult Health (Add Health), a lon-
gitudinal study of a nationally representative sample of adolescents in 
grades 7 through 12 during the 1994–1995 school year in the U.S. In 
Wave I, data were collected from 20,745 adolescents ages 11–19 
through in-home interviews between April and December 1995 
(response rate = 79%). Wave IV data were collected in 2007–2008 from 
15,701 respondents (response rate = 80%) ages 24–34 through in-home 
interviews, physical examinations, and collection of blood spots. See 
Harris et al. (2019) for further details about the study design. 

Our initial sampling frame consisted of male and female respondents 
who self-identified as non-Hispanic White, non-Hispanic Black, or 
Mexican-origin in Wave I and had valid sampling weights in Wave IV. 
Other racial/ethnic groups were excluded due to their substantially 
smaller sample sizes. Respondents who reported more than one race also 
were excluded from the study because there were far too few of them to 
conduct meaningful analysis. We then excluded female respondents who 
were pregnant at their Wave IV examination because pregnancy may 
impact several biomarkers for allostatic load (especially BMI and waist 
circumference) toward levels that would be considered high risk (n =
519). Thus, our final analytic sample consisted of 11,807 non-Hispanic 
White, non-Hispanic Black, and Mexican-origin men and non-pregnant 
women. 

2.2. Measures 

Allostatic Load. We calculated an allostatic load score for respondents 
based on their values for 10 biomarkers of stress, use of biomarker- 
regulating medications, and reports of being diagnosed with a health 
condition related to the biomarkers—all three of which were measured 
at Wave IV. First, we established a high-risk threshold for each 
biomarker and assigned respondents a point for each biomarker value 
beyond that threshold, consistent with previous research (e.g., Crimmins 
et al., 2003). Specifically, respondents received a point for having values 
of diastolic blood pressure (DBP), systolic blood pressure (SBP), pulse 
rate, body mass index (BMI), waist circumference, hemoglobin A1c 
(HbA1c), or C-reactive protein (CRP) above the 75th percentile of all 
values in the Add Health Wave IV sample; above the 80th percentile for 

Table 1 
Descriptive Statistics of the 10 Measures Comprising Allostatic Load, Wave IV of the National Longitudinal Study of Adolescent to Adult Health (N = 11,807)*.  

Biomarker  Range Mean (SD) High Risk Threshold‡ % High Risk, Biomarker only Overall % High Risk§

Blood pressure, systolic (mm Hg) 74.00–222.50 125.41 (12.97) 133.00 25.79 33.86 
Blood pressure, diastolic (mm Hg) 31.00–147.00 79.70 (9.70) 85.50 25.69 33.88 
Pulse rate (beats/min) 40.00–196.00 73.92 (11.34) 81.50 27.37 27.37 
C-reactive protein (mg/L) 0.08–205.00 4.68 (7.93) 5.26 25.01 53.33 
Body mass index (kg/m2) 14.40–97.40 29.09 (7.31) 32.50 26.28 26.28 
Waist circumference (cm) 50.00–197.00 98.30 (16.56) 106.00 29.44 29.44 
Glycated hemoglobin (%) 3.80–23.10 5.58 (0.76) 5.80 27.63 37.53 
Total cholesterol (deciles) 1–10 – ≥8th decile 20.00 37.08 
Triglycerides (deciles) 1–10 – ≥8th decile 20.00 37.61 
High-density lipoprotein (deciles) 1–10 – <2nd decile 20.00 33.53 

Abbreviations: %, weighted percent; SD, standard deviation 
*Descriptive statistics are based on weighted data. 
‡ The high-risk threshold denotes values greater than or equal to the 75th percentile of the sample, except in the case of high-density lipoprotein (HDL), total 
cholesterol, and triglycerides. These lipids are reported by deciles in Add Health. Thus, the high-risk threshold marks values above the 80th percentile for total 
cholesterol and triglycerides and below the 20th percentile for HDL. 
§ Percentage listed for systolic blood pressure, diastolic blood pressure, C-reactive protein (CRP), glycated hemoglobin, total cholesterol, triglycerides, and HDL in-
cludes self-report and medication flags deeming the respondent high risk regardless of whether the biomarker measurement from the Add Health physical examination 
resulted in a value above the high risk threshold. 
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triglycerides and total cholesterol; and below the 20th percentile for 
high-density lipoprotein (HDL) cholesterol.3 Five of the bio-
markers—namely, DBP, SBP, pulse rate, BMI, and waist circum-
ference—were collected through physical examination. The other five 
biomarkers—i.e., HbA1c, CRP, total cholesterol, triglycerides, and HDL 
cholesterol—were collected from blood samples. (See Add Health 
documentation for greater detail on measurement and biomarker assays; 
Harris et al., 2019). 

Second, among respondents who were not already identified as high 
risk on a particular biomarker using the sample-based cutoffs, we gave a 
point for use of a biomarker-regulating medication or a self-reported 
history of a condition related to the biomarker. Specifically, for re-
spondents who were taking medication to manage hypertension, dia-
betes, hyperlipidemia, or inflammation, and/or who self-reported 
having been diagnosed with hypertension, diabetes, or hyperlipidemia, 
we assigned a point for SBP, DBP, HbA1c, total cholesterol, triglycerides, 
HDL, or CRP, respectively. This approach to accounting for biomarker- 
related medication usage reflects our assumption that respondents 
who were on medication and had biomarker values within healthy 
ranges were successful in controlling them but would have otherwise 
experienced the same wear and tear on their regulatory systems as un-
medicated respondents who had biomarker values in the unhealthy 
ranges. 

To calculate allostatic load, we summed the points assigned due to 
biomarker levels, medication use, and self-reported diagnoses related to 
each biomarker, resulting in a single score ranging from 0 to 10 for each 
respondent. 

Social Status. We combined responses to questions asking re-
spondents to self-identify their race and Hispanic/Latino origin in Wave 
I and dummy-coded them to classify respondents as non-Hispanic White, 
non-Hispanic Black, or Mexican-origin (hereafter referred to simply as 
White, Black, or Mexican). Whites were selected as the reference cate-
gory because they are the largest and most socially advantaged racial/ 
ethnic group in the United States. As such, the estimated health in-
equities reflect the extent to which Blacks and Mexicans are disadvan-
taged relative to the most privileged and numerically dominant group. 
We used Add Health’s pre-loaded gender variable at Wave IV, which 
classified respondents as male (reference) or female based on their self- 
reports at earlier waves. To capture respondents’ educational attain-
ment, we collapsed and dummy-coded responses to a question about the 
highest level of education obtained at Wave IV into three categories – 
high school diploma or less (reference), some college or vocational/ 
technical training, and college degree or more. 

Covariates. We included covariates from Wave IV that have a known 
or suspected association with allostatic load or with one’s likelihood of 
receiving a diagnosis and/or being prescribed a biomarker-regulating 
medication. Specifically, we included: mean-centered age (in years), 
nativity (foreign born vs. U.S.-born), recency of a doctor visit (last 12 
months vs. 1–2 years vs. 2+ years or never), smoking behavior (non- 
smoker vs. current smoker), and alcohol consumption in the past 12 
months (non-drinkers vs. 1–2 drinks per week or less vs. greater than 2 
drinks per week). In previous studies, the relationships among race/ 
ethnicity, gender, SES, and allostatic load were stable in the presence of 
controls for smoking, alcohol consumption, and health care utilization 
(e.g., Doamekpor & Dinwiddie, 2015; Yellow Horse & Santos-Lozada, 
2019; Hickson et al., 2012; Kaestner et al., 2009; Peek et al., 2010). 
However, smoking and alcohol consumption are believed to decelerate 
the reactivity of the physiological stress system or attenuate the stress 
response (Wiggert et al., 2016), and a known association between health 
care utilization and receipt of treatment for health conditions 
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3 Although previous research has used 75th and 25th percentile cutoffs for 
lipids, we were unable to adhere to this approach because raw data for the 
lipids are not provided in the Add Health dataset. Instead, they are reported in 
deciles. 
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precipitated by physiological dysregulation also exists (Zhang et al., 
2012). Thus, we considered it wise to include these behavioral factors in 
our analyses as controls. 

2.3. Statistical Analysis 

We examined the distributions of allostatic load scores across racial/ 
ethnic, gender, and educational categories using univariate and multi-
variate statistics. Then, we used negative binomial regression to esti-
mate the main effects of, and interactions among, race/ethnicity, 
gender, and educational attainment on allostatic load, net of controls. 
Given the complexity of interpreting three-way interactions (and for 
presentation purposes), we stratified our analyses of the effects of race/ 
ethnicity, educational attainment, and their interaction by gender and 
used Chow tests from a full, gender-interacted model to assess the sta-
tistical significance of the gender differences. This approach produces 
identical point estimates to those yielded from a full sample model with 
two- and three-way interactions (Landry, 2007), and it has been used in 
previous tests of intersectionality hypotheses (e.g., Brown et al., 2016; 
Hinze et al., 2012). Thus, for each gender, we estimated racial/ethnic 
differences in allostatic load (Model 1) and then added educational 
attainment (Model 2), covariates (Model 3), and an interaction term for 
race/ethnicity and educational attainment (Model 4). Statistical signif-
icance of the interaction among these variables, suggesting that their 
effects are conditional on each other, was considered support for 
intersectionality. 

For consistency with previous studies of allostatic load (e.g., Chyu & 
Upchurch, 2011; Yellow Horse & Santos-Lozada, 2019; Graves & Now-
akowski, 2017; Rainisch & Upchurch, 2013), we report incidence rate 
ratios (IRRs) instead of the log-rate coefficients we estimated. An IRR, 
which is calculated by exponentiating a log-rate coefficient, is the ratio 
of the allostatic load scores for one group (e.g., Blacks) compared to the 
scores of another group, typically the reference group (e.g., Whites). We 
recognize, however, that the improvements in interpretability of our 
findings gained from stratifying our results by gender (rather than 
estimating and reporting the results from 3-way interactions) and 
reporting IRRs (instead of log-rate coefficients) come at a small cost. 
Specifically, because we stratified our analysis by gender, the IRRs 
generated from our analytic models are useful for comparisons within 
each gender but not between them. A comparison of the IRRs for Black 
males and Black females, for example, would provide insight only on 
how much each group’s allostatic load score differs from that of their 
same-gender reference group (i.e., White males and White females, 
respectively), not how Black males’ and females’ allostatic load scores 
differ from each other. This means that a difference in IRRs between 
them could be a result of differences between the allostatic load scores of 
their same-gender reference group (which are the denominators for the 
IRRs) rather than a result of a real difference in allostatic load between 
Black men and women. Given this possibility, we conducted supple-
mental analysis in which we re-normalized the model intercepts to allow 
for estimation and direct comparisons of the raw allostatic load scores of 
each racial/ethnic-gender group across analytic models. This approach 
(described in more detail and presented alongside its results in 
Appendix A) improves interpretability of the Chow test results for 
gender differences within each of the three racial/ethnic groups while 
also facilitating the identification of any intersectional effects across 
racial/ethnic-gender and racial/ethnic-gender × education groups. 

We used Stata version 15 (StataCorp, College Station, TX) and 
accounted for Add Health’s complex survey design (including sampling 
weights) in all analyses (Harris et al., 2019). Aside from race/ethnicity 
and gender for which we had complete data, missing values on all 
covariates and components of allostatic load, which ranged from less 
than 1%–13%, were imputed using multiple imputation. The findings 
were not sensitive to the use of imputed versus non-imputed data. 
Therefore, we report the results for the imputed data here. (Results of 
complete case analysis are provided in Appendix B). 

3. Results 

3.1. Sample characteristics 

Descriptive statistics for the 10 components of our allostatic load 
measure are shown in Table 1. Aside from the three lipids (i.e., total 
cholesterol, triglycerides, and HDL) which, as previously noted, were 
reported in deciles in the Add Health dataset, we list the range, mean, and 
high-risk threshold (75th percentile of our analytic sample) for each 
biomarker. Also, we report the overall percentage of the sample identi-
fied as “at risk” based on their biomarker measurements, self-reports, or 
use of biomarker-regulating medication. The percentages for high risk 
are consistent with those reported by other Add Health-based studies of 
these biomarkers (Nguyen et al, 2011, 2014; Yang et al., 2020). 

Table 2 presents descriptive statistics for the study sample overall and 
by race/ethnicity and gender. Overall, respondents had an average allo-
static load score of 3.13 (95%CI = 3.05, 3.20). Of all the race/ethnicity- 
gender groups, Mexican men exhibited the highest average allostatic 
load score (3.50 [95%CI = 3.12, 3.87]), followed by Black women (3.39 
[95%CI = 3.24, 3.54]). Within racial/ethnic groups, White (2.79 [95%CI 
=2.66, 2.91]) and Mexican (3.12 [95%CI =2.83, 3.41)] women had lower 
mean allostatic load scores than their male counterparts (3.29 [95%CI =
3.19, 3.40] for White men), while the reverse was true for Blacks, among 
whom women had a higher mean allostatic load score than men (3.39 vs. 
3.27 [95%CI =3.09, 3.45], respectively). Table 2 also reveals considerable 
variation in demographic, socioeconomic, and behavioral characteristics 
across the racial/ethnic-gender groups. Notably, women in each racial/ 
ethnic group exhibited higher levels of educational attainment than men. 
Comparing within and across racial/ethnic groups, White women had the 
most favorable educational attainment distribution (with 36.6% having a 
college degree or more [95%CI = 0.32, 0.41]), while Black and Mexican 
men had the least favorable distributions (with only 17.7% [95%CI =0.13, 
0.22] and 14.1% [95%CI = 0.11, 0.21], respectively, having a college 
degree or more). 

3.2. Multivariate results 

Table 3 displays the results from negative binomial regression 
analysis of the relationships among race/ethnicity, educational attain-
ment, allostatic load, and covariates, stratified by gender. Model 1 re-
veals racial/ethnic differences in allostatic load among women, but not 
men. Specifically, the allostatic load scores of Black women were 22% 
higher on average than those of White women (IRR [95%CI] = 1.22 
[1.15, 1.29]), while those of Mexican women were 12% higher (IRR 
[95%CI] = 1.12 [1.01, 1.24]). Conversely, the IRRs of Black and 
Mexican men were not statistically significant, indicating that their 
allostatic load scores did not differ from those of White men. Results 
from the Chow tests for Model 1 suggest that, not only are the allostatic 
load scores of Black women significantly higher than those of White 
women, but they also are significantly higher than those of their Black 
male counterparts (see Table A.1, Model 1 in Appendix A). Conversely, 
White females had lower allostatic load scores than White men. 

The inclusion of educational attainment in Model 2 attenuated the 
difference in allostatic load between White and Mexican women. How-
ever, Black women’s allostatic load scores remained significantly higher 
than those of White women (IRR [95%CI] = 1.18 [1.12, 1.25]). They also 
remained significantly higher than those of their Black male counterparts 
and surpassed those of Mexican men, making Black women the group 
with the largest allostatic load in the sample (see Table A.1, Model 2 in 
Appendix A). Moreover, the protective effect of gender for White females 
was largely eliminated once we controlled for educational attainment. 

These results are attributable to the overall protective effect of 
educational attainment that is evident in Model 2 and the compositional 
differences in educational attainment across racial/ethnic-gender groups 
identified in our descriptive statistics. As Model 2 shows, both men and 
women with a college degree or more exhibited allostatic load scores that 
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Table 3 
Incidence Rate Ratios of Allostatic Load Scores from Negative Binomial Regression Models, Wave IV of the National Longitudinal Study of Adolescent to Adult Health (N = 11,807)*.   

Model 1 (IRR; 95% CI) Model 2 (IRR; 95% CI) Model 3 (IRR; 95% CI) Model 4 (IRR; 95% CI) 

Variable Men Women Men Women Men Women Men Women 

Race/Ethnicity 
Non-Hispanic White 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 
Non-Hispanic Black 0.99 [0.93,1.06] 1.22 [1.15,1.29] ‡ 0.98 [0.92,1.04] 1.18 [1.12,1.25] ‡ 0.94 [0.88,1.00] 1.15 [1.09,1.21] ‡ 0.91 [0.81,1.03] 1.12 [0.97,1.29] ‡
Mexican Origin 1.06 [0.95,1.18] 1.12 [1.01,1.24] 1.04 [0.93,1.15] 1.06 [0.95,1.17] 1.04 [0.93,1.16] 1.06 [0.95,1.18] 1.09 [0.93,1.28] 1.00 [0.88,1.13] 

Educational Attainment         
H.S. diploma or less   1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 
Some college   1.02 [0.97,1.09] 0.87 [0.82,0.92] ‡ 1.03 [0.97,1.10] 0.88 [0.83,0.94] ‡ 1.05 [0.98,1.12] 0.87 [0.80,0.95] ‡
College degree or more   0.85 [0.79.0.91] 0.72 [0.67,0.77] ‡ 0.86 [0.80,0.93] 0.73 [0.68,0.79] ‡ 0.83 [0.76,0.90] 0.71 [0.65,0.78] ‡

Race/Ethnicity × Education        
White H.S. diploma or less      1.00 [Referent] 1.00 [Referent] 
Black some college      0.96 [0.82,1.13] 1.01 [0.85,1.21] 
Black college degree or more      1.28 [1.06,1.56] 1.08 [0.92,1.27] ‡
Mexican some college      0.87 [0.71,1.07] 1.03 [0.87,1.23] 
Mexican college degree or more      1.05 [0.82,1.36] 1.27 [0.99,1.63] 

Age (referent is age 24)     1.03 [1.02,1.05] 1.03 [1.01,1.04] 1.03 [1.02,1.05] 1.03 [1.01,1.04] 
Nativity        

U.S.-born     1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 
Foreign-born     0.91 [0.79,1.05] 0.90 [0.77,1.04] 0.90 [0.78,1.03] 0.91 [0.78,1.06] 

Recency of doctor visit        
Last year     1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 
1–2 years ago     0.99 [0.92,1.06] 0.96 [0.90,1.03] 0.99 [0.92,1.06] 0.96 [0.90,1.03] 
>2 years ago or never     0.91 [0.87,0.96] 0.95 [0.89,1.02] 0.91 [0.87,0.96] 0.95 [0.89,1.02] 

Smoking behavior        
Non-smoker     1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 
Current smoker     0.99 [0.94,1.05] 1.00 [0.93,1.07] 0.99 [0.94,1.05] 1.00 [0.93,1.07] 

Alcohol consumption past 12 mos.        
Non-drinker     1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 
1-2 drinks/week or less     0.91 [0.86,0.97] 0.93 [0.89,0.98] 0.91 [0.86,0.97] 0.93 [0.89,0.98] 
>2 drinks/week     0.88 [0.81,0.96] 0.83 [0.73,0.95] 0.88 [0.81,0.96] 0.84 [0.74,0.95]          

Constant 3.30 [3.20,3.40] 2.79 [2.67,2.91] 3.42 [3.27,3.57] 3.32 [3.13,3.51] 1.60 [1.07,2.40] 1.65 [1.05,2.60] 1.61 [1.08,2.40] 1.67 [1.06,2.62]  
F (2, 123.8) = 0.72 F (2, 123.8) = 25.6 F (4, 124.4) = 7.7 F (4, 125.1) = 37.9 F (11, 125.6) = 7.1 F (11,125.6) = 18.8 F (15, 125.6) = 6.6 F (15, 125.6) = 14.3  
Prob > F = 0.49 Prob > F = 0.00 Prob > F = 0.00 Prob > F = 0.00 Prob > F = 0.00 Prob > F = 0.00 Prob > F = 0.00 Prob > F = 0.00 

Abbreviations: IRR = Incidence Rate Ratio; CI = Confidence Interval, H.S. = High School 
*IRRs are based on weighted data. 
‡ Denotes variable’s effect on the IRR significantly differs by gender at the p < .05 level. 
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were roughly 15% and 30% lower, respectively, than the scores of their 
counterparts with a high school diploma or less ([IRR [95%CI] = 0.85 
[0.79, 0.91] for college-educated men; IRR [95%CI] = 0.72 [0.67, 0.77] 
for college-educated women). Women who completed some college had 
allostatic load scores that were 13% lower than women with a high school 
diploma or less (IRR [95%CI] = 0.87 [0.82, 0.92]). Taken together with 
the findings for race/ethnicity-gender, it is therefore clear that parsing the 
benefits of their favorable educational attainment distribution and the 
stress-mitigating effects of education from the model resulted in the loss of 
White women’s health advantage over White men and Black women’s 
health advantage over Mexican men, whose allostatic load scores were 
high due to their relatively low levels of education (see Table A.1, Model 2 
in Appendix A). The addition of all other covariates to this model resulted 
in little change in the pattern of results (Model 3), owing perhaps to the 
lack of statistically significant associations between most of the covariates 
and allostatic load. 

However, adding an interaction term for race/ethnicity × educa-
tional attainment in Model 4 makes clear that the overall protective 
effect of college education found in Model 3 did not hold true for all 
racial/ethnic-gender groups. Specifically, college education was asso-
ciated with significantly lower allostatic load scores than obtaining only 
a high school diploma or less for White men and women (IRR [95%CI] =
0.83 [0.76, 0.90] for White men; IRR [95%CI] = 0.71 [0.65, 0.78] for 
White women). Similarly, attending at least some college was protective 
for White women (IRR [95%CI] = 0.87 [0.80, 0.95]). Yet for Black men, 
not only does a college degree provide no net protection, but it actually 
has the opposite effect (IRR [95%CI] = 1.28 [1.06, 1.56]). The statis-
tically significant Chow test for gender differences among Black college 
degree recipients in Model 4 also indicates that there is a 3-way inter-
action among race/ethnicity, gender, and educational attainment. This 
interaction effect on allostatic load is visually depicted in Fig. 1, where it 
is evident that every racial/ethnic-gender group benefits from a college 
education except for Black males, whose allostatic load is larger at this 
level of education than at lower levels of education. In fact, this figure 
shows that college education renders Black males no better off than 
White males who have obtained only a high school diploma or dropped 
out of high school. 

4. Discussion 

This study applied an intersectionality perspective to investigate 
whether and how race/ethnicity, gender, and educational attainment 
combine to produce differences in the physiological dysregulation that 
underlies stress-related illness, as measured by allostatic load. It is among 

only a few intersectionality-informed studies of health inequities that 
have examined interactions between more than two social statuses and 
focused on racial/ethnic comparisons beyond the Black-White binary. 
Importantly, the study is based on data from a nationally representative 
sample of non-Hispanic Black, non-Hispanic White, and Mexican adults 
ages 24–34 because previous analyses of racial/ethnic differences in 
allostatic load have often excluded the latter racial/ethnic group and 
have suggested that young adulthood may represent a critical period for 
the differential accumulation of biological risk due to social stress. 

We had two primary aims. First, we sought to determine whether 
race/ethnicity and gender combine to produce inequities in allostatic 
load. In particular, we hypothesized that people with intersecting dis-
advantages would fare worse than people without them. Consistent with 
this hypothesis, we found that Black women had higher allostatic load 
scores than either Black men or White women. In fact, Black women 
were the only group of women who were disadvantaged compared to 
their male counterparts. These findings offer support for intersection-
ality and are consistent with previous research (e.g., Geronimus et al., 
2006). Somewhat surprisingly, we found that Mexican women exhibited 
no higher allostatic load than either Mexican men or White women. 
While our analyses could not explain why these patterns emerged, they 
suggest that the stress-related health of young adult Mexican women 
(over 80 percent of whom are U.S.-born in Add Health) is more similar to 
Whites than to Blacks, consistent with the longstanding epidemiologic 
paradox (Markides and Coreil, 1986). Future work should further 
investigate reasons behind the relatively favorable health of Mexican 
women in Add Health, in comparison to both Mexican men and to Black 
and White women. 

Second, we aimed to assess whether and how educational attainment 
influences the relationship between race/ethnicity and gender. We 
found an overall protective effect of educational attainment that, when 
taken into account, did little to attenuate the higher allostatic load 
scores for Black women compared to White women. It also resulted in a 
mean allostatic load score for Black women that was even higher than 
that of Mexican men, whose unadjusted score was highest owing to their 
relatively low education levels. This set of findings clearly demonstrates 
that allostatic load varies along racial/ethnic, gender, and education 
lines. However, the additive model of race/ethnicity and education 
masked substantial heterogeneity in the effect of education across 
racial/ethnic-gender groups, as we discovered when we added an 
interaction term for race/ethnicity × education which, in turn, revealed 
further support for intersectionality. Most notably, albeit contrary to our 
hypothesis regarding the more detrimental effect for people with 
intersecting disadvantages, we found that the intersectional effect of 
educational attainment and race/ethnicity on allostatic load was most 
pronounced among men. Black men with a college education experi-
enced significantly higher allostatic load scores than college-educated 
White men, as well as White men with a high school diploma or less. 
Moreover, Black men were the only racial/ethnic-gender group who 
were not protected by a college education. Among other racial/ethnic- 
gender groups, the health returns to college education were highest 
among both White men and women. These findings are consistent with 
other research demonstrating that the health benefits associated with 
higher education are not experienced equally among different racial/ 
ethnic groups (Gaydosh et al., 2018; Howard & Sparks, 2015). 

As hypothesized and consistent with previous research (e.g., Doa-
mekpor & Dinwiddie, 2015; Yellow Horse & Santos-Lozada, 2019; 
Hickson et al., 2012; Kaestner et al., 2009; Peek et al., 2010), our results 
were stable in the presence of behavioral covariates, such as smoking 
and health care utilization. This suggests that such factors do not 
confound the relationships among race/ethnicity, gender, educational 
attainment, and allostatic load. It also means that, despite high levels of 
unhealthy behavior among young adult men (Olson et al., 2017) and 
higher levels of poorly managed chronic conditions and delayed health 
care-seeking among Black men compared to other population subgroups 
(Griffith & Thorpe, 2016; Warner & Hayward, 2006; Williams, 2003), 

Fig. 1. Fitted Allostatic Load Scores and 95% CIs by Race/Ethnicity, Gender, 
and Educational Attainment from Model 4 of Table 3. 
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smoking and drinking do not explain the higher allostatic load levels of 
college-educated Black men relative to others. It is possible, however, 
that other unmeasured behaviors—particularly maladaptive coping re-
sponses to the stressors these highly motivated men encounter—may 
explain this finding. A related explanation comes from the extant liter-
ature on Black men’s health, in which there has been an increasing 
amount of attention paid to the multiplicative (i.e., intersectional) ef-
fects of race/ethnicity and gender (Gilbert et al., 2016; Griffith, 2012) 
with emphasis on the chronic stressors they face and must find ways to 
cope with. Like their female counterparts, Black men also have been the 
victims of gendered racism at every level of society that has shaped their 
contemporary social and economic realities. For example, the dispro-
portionate incarceration, unemployment, and premature mortality of 
Black men is attributable to structural and institutional racism. Black 
men also tend to be judged, and interacted with, based on a wide range 
of negative race-, and race-and-gender-based stereotypes (Pieterse & 
Carter, 2007; Williams, 2003) that are the basis for interpersonal racism 
(Gilbert et al., 2016). These experiences may be particularly toxic to 
young adult Black men who pursue higher education, especially if it 
means they must navigate more White spaces. It is during college that it 
may become clear to them that improvements in SES will offer little 
protection against strongly held stereotypes about them and the inter-
personal discrimination, blocked opportunities, and other threats to 
their lives and livelihoods that stem from these stereotypes, including 
the threat of unjustified victimization and murder by individuals 
charged with protecting and serving the citizenry (i.e., the police). It is 
difficult to imagine a stressor more severe and chronic for any person 
than certain knowledge that, despite their best efforts, they are 
completely unable to be free of or to defend against these threats (except 
perhaps for the stress associated with being their mother). 

Of course, a few limitations of our study are worth noting. First, we 
were limited in the number and type of biomarkers we could use to 
measure allostatic load by their availability (or lack thereof) in the Add 
Health dataset. As a result, we included no primary mediators, i.e., 
cortisol, noradrenaline, epinephrine, and dehydroepiandrosterone sul-
fate (DHEA-S), and only one marker of inflammation (C-reactive pro-
tein). Moreover, the lipid measures in Add Health are less precise than 
desirable. Nonetheless, it is not uncommon to find variation in the 
number and types of biomarkers used in research on allostatic load 
(Beckie, 2012; Duong et al., 2017; Johnson et al., 2017; Juster et al., 
2010). Second, our method for establishing biomarker thresholds (i.e., 
using sample-based cutoffs) is only one of several methods that can be 
found in the extant literature on allostatic load. It is, however, the most 
widely used approach and is preferred over clinical guidelines, which 
are unavailable nationally and rarely age-specific (Duong et al., 2017). 
Fortunately, although research on social inequalities in allostatic load is 
rife with debates about the best way to operationalize it (Beckie, 2012), 
the findings tend to be robust to variations in measurement and analytic 
technique (Seeman et al., 1997; Santos-Lozada & Daw, 2018). Third, we 
also are aware of recent debates about how best to conduct quantitative 
intersectionality research, including how to distinguish between inter-
sectional and statistical multiplicativity and whether intersectionality 
can be captured without a qualitative component (Bauer, 2014; Han-
kivsky et al., 2017). Thus, our study has other potential limitations 
vis-à-vis this debate. 

By design, our study does not offer insights regarding the stress ex-
posures that contribute to the racial/ethnic, gender, and educational 
differences in allostatic load we found. Nonetheless, we believe it still 
provides important clues about the intermediate physiological dysre-
gulation that underlies social inequalities in stress-related health in later 
life. In particular, our results add to the growing bodies of evidence 
showing differential stress exposure and outcomes, as well as differential 
health returns to education. Indeed, our findings about the lack of pro-
tection conferred by college education on Black males suggests that 
educational improvement policies are a necessary but woefully insuffi-
cient strategy for addressing racial/ethnic health inequities. Even more 

upstream policies that focus on the structural roots of health inequities 
are needed instead (Gee & Ford, 2011). This is further supported by the 
stability of our findings in the presence of behavioral controls, which 
suggests that lifestyle-based strategies for reducing health inequities are 
not tenable, despite the fact that they are still far too frequently rec-
ommended and pursued. 

Future research must, therefore, identify other life course-based 
stress exposures that differ across racial/ethnic-gender groups and 
matter for allostatic load. As we have suggested elsewhere in the paper, 
the identification of gendered racism-related stressors should be a top 
priority. Based on our findings in a young adult population, this research 
also should focus on exposures during earlier life periods. For this reason 
and because allostatic load is intended to capture a cumulative process 
and, thus, will change over time as stress burdens accumulate, future 
research should rely on longitudinal data instead of the cross-sectional 
data (like NHANES) that has been frequently used in previous 
research on allostatic load. This frequency is largely attributable to the 
fact that biomarker data have not been consistently collected in major 
longitudinal social surveys. Fortunately, Add Health repeated bio-
specimen collection in its fifth wave of data collection, which will open 
up new opportunities for longitudinal analyses of allostatic load and its 
contributing stressors in a nationally representative cohort. It is imper-
ative that other major social surveys follow Add Health’s lead, given the 
differences between them in terms of cohort factors (ages and years of 
data collection, for example) and the types of stressors that are captured. 

Importantly, it should be recognized that further research on social 
status differences in allostatic load, and especially the early life race-, 
gender-, and SES-related stressors that combine to create them, would be 
consistent with a syndemics approach to health (Singer et al., 2017). 
Particularly as the COVID-19 pandemic in the United States continues to 
shine a spotlight on a syndemic—i.e., the clustering of multiple diseases 
(especially stress-related diseases) within Black, Native, and Latino 
populations, the interactions among the diseases and COVID-19, and the 
social, economic, environmental, and political stressors that give rise to 
them—research on how these stressors combine to accelerate the 
physiological wear and tear on the bodies of racial/ethnic minorities 
seems ever more critical and timely. We suspect that the findings of such 
research will inevitably signal the need for aggressive health and social 
policy efforts to reduce the elevated levels of stress exposure and 
simultaneous degradation of stress-buffering social and personal re-
sources that they experience throughout their lives. 
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Appendix A. Supplemental Analysis Technique and Results 

We conducted supplemental analysis to allow direct comparisons of 
the allostatic load scores of each gender group, thereby improving 
interpretability of the Chow test results for gender differences and 
facilitating identification of intersectional effects that include gender. 
We accomplished this analysis by first constraining the model intercept 
to zero, which allowed us to estimate raw (log rate) coefficients for all 
three racial/ethnic groups. Then, we exponentiated the coefficients to 
obtain IRRs, which transformed the (now implicit) intercept to exp (0) 
= 1, allowing the IRRs to conveniently reduce to exp(B)/1 = exp(B), i.e., 
incidence rates in the original allostatic load scale (meaning: the allo-
static load scores) of each racial/ethnic-gender group. Thus, the un-
derlying models for this analysis and the primary analysis (from which 
results in Table 3 were generated) are identical; the difference between 
them is simply a difference in normalization. 

Results of this supplemental analysis are presented in Table A.1 
below. For simplicity, we present only the allostatic load scores for race/ 
ethnicity by gender. It should be noted, however, that these scores, as 
well as the effect sizes of other variables in the analytic models, are 
calculable (although without confidence intervals) from information in 
Table 3: The allostatic load scores for Whites in Table A.1 are equivalent 
to the constants in Table 3. These values are the denominators for the 
IRRs in Table 3; thus, the allostatic load scores for the other racial/ethnic 
groups can be obtained by multiplying each of their IRRs with its cor-
responding constant/intercept from Table 3. Then, all other IRRs listed 
in Table 3 except for those in Model 4 can be multiplied by the racial/ 
ethnic- and gender-specific allostatic load scores in Table A.1 to deter-
mine their effects in the original allostatic load scale. For the interaction 
effects on allostatic load scores in Model 4, one must multiply the racial/ 
ethnic- and gender-specific allostatic load scores by the IRRs for edu-
cation and race/ethnicity × education. 

Thus, we provide the results of the supplemental analysis as a 
courtesy to readers who would otherwise need to perform these calcu-
lations on their own. And, as we explained in our rationale for this 
analysis (in the Statistical Analysis section), Table 3 enables identifica-
tion of statistically significant effects within gender. Table A.1 facilitates 
identification and interpretation of statistically significant effects be-
tween genders.   
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Appendix B. Complete Case Analysis Results  

Table B.1 
Incidence Rate Ratios of Allostatic Load Scores from Negative Binomial Regression Models for Complete Case (i.e., non-imputed) Data Only, Wave IV of the National Longitudinal Study of Adolescent to Adult Health*   

Model 1 (IRR; 95% CI) Model 2 (IRR; 95% CI) Model 3 (IRR; 95% CI) Model 4 (IRR; 95% CI) 

Variable Men Women Men Women Men Women Men Women 

Race/Ethnicity 
Non-Hispanic White 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 
Non-Hispanic Black 0.98 [0.92,1.06] 1.20 [1.13,1.27]‡ 0.97 [0.91,1.04] 1.16 [1.09,1.24] ‡ 0.93 [0.87,1.00] 1.13 [1.06,1.20]‡ 0.92 [0.80,1.07] 1.12 [0.96,1.29]‡
Mexican Origin 1.03 [0.92,1.15] 1.15 [1.04,1.27] 1.00 [0.90,1.12] 1.09 [0.98,1.21] 1.01 [0.91,1.13] 1.09 [0.98,1.22] 1.06 [0.90,1.25] 1.07 [0.93,1.23] 

Educational Attainment         
H.S. diploma or less   1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 
Some college   1.03 [0.96,1.09] 0.89 [0.83,0.95]‡ 1.03 [0.97,1.10] 0.89 [0.84,0.96]‡ 1.06 [0.99,1.12] 0.89 [0.82,0.97]‡
College degree or more   0.85 [0.79,0.92] 0.73 [0.68,0.79]‡ 0.86 [0.80,0.93] 0.75 [0.69,0.81]‡ 0.84 [0.77,0.91] 0.73 [0.67,0.81]‡

Race/Ethnicity × Education        
White H.S. diploma or less      1.00 [Referent] 1.00 [Referent] 
Black some college      0.92 [0.76,1.11] 1.00 [0.83,1.20] 
Black college degree or more      1.24 [1.00,1.55] 1.06 [0.89,1.26]‡
Mexican some college      0.87 [0.71,1.07] 0.99 [0.84,1.16] 
Mexican college degree or more      1.06 [0.80,1.41] 1.16 [0.89,1.50] 

Age (referent is age 24)     1.03 [1.01,1.05] 1.03 [1.01,1.05] 1.03 [1.01,1.05] 1.03 [1.01,1.04] 
Nativity        

U.S.-born     1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 
Foreign-born     0.89 [0.76,1.04] 0.91 [0.78,1.07] 0.88 [0.76,1.02] 0.92 [0.79,1.08] 

Recency of doctor visit        
Last year     1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 
1–2 years ago     0.97 [0.91,1.04] 0.95 [0.89,1.02] 0.97 [0.91,1.04] 0.95 [0.89,1.03] 
>2 years ago or never     0.89 [0.76,1.04] 0.94 [0.88,1.02] 0.89 [0.84,0.94] 0.96 [0.94,0.99] 

Smoking behavior        
Non-smoker     1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 
Current smoker     0.98 [0.92,1.04] 1.00 [0.93,1.07] 0.98 [0.92,1.04] 1.00 [0.93,1.07] 

Alcohol consumption past 12 mos.        
Non-drinker     1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 1.00 [Referent] 
1-2 drinks/week or less     0.90 [0.84,0.97] 0.94 [0.89,0.99] 0.90 [0.84,0.97] 0.94 [0.89,0.99] 
>2 drinks/week     0.86 [0.78,0.94] 0.83 [0.71,0.95] 0.86 [0.78,0.94] 0.83 [0.72,0.96]          

Constant 3.44 [3.32,3.55] 2.88 [2.76,3.01] 3.55 [3.39,3.71] 3.38 [3.17,3.60] 1.75 [1.09,2.80] 1.62 [1.01,2.59] 1.73 [1.08,2.77] 1.62 [1.01,2.60]  
F (2, 127) = 18.51 F (2, 127) = 2.06 F (4, 125) = 6.01 F (4, 125) = 29.84 F (11, 118) = 5.93 F (11,118) = 14.23 F (15, 114) = 5.08 F (15, 114) = 10.62  
Prob > F = 0.00 Prob > F = 0.00 Prob > F = 0.03 Prob > F = 0.00 Prob > F = 0.00 Prob > F = 0.00 Prob > F = 0.00 Prob > F = 0.00 

Abbreviations: IRR = Incidence Rate Ratio; CI = Confidence Interval, H.S. = High School 
*IRRs are based on weighted data. Sample size varies by variable. 
‡ Denotes variable’s effect on the IRR significantly differs by gender at the p < .05 level.  
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