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Abstract

Background: The lived experience of ethnicity is a source of psychosocial stress.

Objectives: Estimate the association between ethnicity and allostatic load (AL) by measuring the
physiological cost of prolonged stress response, reflected in measurable cardiovascular,

metabolic, and immune system acclimating changes.

Methods: Adult participants were selected from the National Health and Nutrition Examination
Survey (NHANES) 2017-2018 survey cycle and categorized into four ethnic groups: White,
African-American (AA), Mexican-/Hispanic-American (MHA), and Asian-American (AsA). AL
was calculated using 10 biomarkers representing the regulatory status of cardiovascular,
metabolic, and immune systems. Poisson regression analyses produced age-education-adjusted
prevalence ratios (PRs) of AL stratified by gender, and age-adjusted PRs stratified by both

gender and education.

Results: Adjusting for age and education, AA women had the highest PRs (1.59) in the study,
and AsA men had the highest PR (1.4) among men. Stratifying by both gender and education,
highlighted the heterogeneity of effect that educational attainment has on the AL of each

ethnicity by gender.

Conclusions: Complex relationships exist between gender, ethnicity, education, and allostatic
load that underscore the extensive impact of social disparities on health and socioeconomic
security, and highlight the need for disaggregation of ethnic subgroups to better understand these

relationships.
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Introduction

Chronic stress has been implicated in the development of several non-communicable diseases
(NCDs)*3. In 2017, NCDs accounted for over 41 million deaths and 678 million years lived with
disability (YLD) globally, of which, more than 2.5 million deaths and 41 million YLD occurred
in the United States*. High body mass index (BMI), poor diet, high blood pressure, and high
fasting plasma glucose level are risk factors associated with NCDs such as cardiovascular
disease (CVD), chronic kidney disease, and diabetes. In 2017 these NCDs were collectively
responsible for 37% of deaths and 5.4 million YLDs in the U.S.% In the U.S., NCDs accounted

for over $1.2 trillion in treatment costs in 2013°.

The capacity to adapt to stressors through physiological and behavioral responses is key to
survival®. These responses are indeed beneficial when activated for short durations. However,
prolonged activation of the stress response comes at a cost and can result from psychosocial
challenges over the life course®’. Extensive activation of the hypothalamic-pituitary-adrenal
(HPA) and sympathetic-adrenal-medullary (SAM) axes are primary mediators between chronic
social stress and pathological changes in physiology®2. Allostatic load (AL) is the physiological
cost of prolonged stress response and has been associated with mitochondrial dysfunction
mediated by chronic activation of acclimating processes over time®. AL is reflected in
acclimating changes of cardiovascular, metabolic, and immune systems °. Long-term activation
of the HPA and SAM axes has been implicated in endoplasmic reticulum (ER) stress and
impairment of the unfolded protein response (UPR) %114, The ER is the site of protein synthesis
and folding2. ER stress can occur when demands for protein synthesis result in protein
mutations or exceed ER capacity to properly fold synthesized proteins!2. The UPR is a series of
signaling pathways in response to ER stress to restore homeostasis'?. However, in the presence

of chronic or severe ER stress, the UPR may result in inflammatory signaling and/or initiation of



cell death via apoptosis®. UPR and ER stress are associated with insulin resistance (IR),
inflammation, and apoptotic cell death, all factors related to dysregulation in cardiovascular,
metabolic, and immune systems!!216-18 Dysregulation of these systems are reflected in several

biomarkers.

Numerous studies have used biomarkers to measure the physiological effects of chronic stress in
terms of allostatic load *°. Blood pressure, cholesterol, and triglycerides are among
cardiovascular measures. Glycosylated hemoglobin (HbAlc), BMI, waist-to-hip ratio, and
albumin are among metabolic measures. C-reactive protein (CRP) and white blood cell count are

among immune system measures *°.

Several biomarkers used to measure AL are affected by age, gender, behavior, and psychosocial
factors. Various sources of psychosocial stress, including socioeconomic status (SES) indicators
of education and income as well as ethnicity and gender, have been the subject of previous
studies on allostatic load®?*-?2, Research has found consistent inverse relationships between
allostatic load and SES indicators such as income and education?®?1:2324 Ethnicity is of
particular interest in terms of allostatic load measures. Recent studies suggest that striving for
educational attainment may contribute to dysregulation of the stress response among
marginalized populations 2%, Race and ethnicity have been argued as both biological and social
constructs?®?’, These distinctions have implications regarding the use of biomarkers in
quantifying allostatic load among various ethnic groups. For the purposes of this study, the
concept of ethnicity is considered a social construct, in line with current research on race and
genetics?®. As such, the aim of this study was to explore the influence that the lived experience of
ethnicity may have on allostatic load by (i) providing a descriptive profile of participants by

gender and self-reported ethnicity, known behavioral, socio-economic, and physiologic



covariates, (ii) estimating the association between self-reported ethnicity and allostatic load,

adjusting for potential confounders.



Methods

Source data

This study used public domain data from the 2017-2018 survey cycle of the National Health and
Nutrition Examination Survey (NHANES). NHANES is a continuous survey program
administered by the National Center for Health Statistics (NCHS), a part of the Centers for
Disease Control and Prevention (CDC), for the purpose of estimating the prevalence of
conditions and diseases instrumental in health policy planning. NHANES conducts interviews
and physical examinations of a nationally representative sample of approximately 5,000 of the
noninstitutionalized civilian population. Cross-sectional demographic, nutritional, and health
data are collected via a multi-year, stratified, clustered four-stage sampling method and released
in 2-year cycles . In-person interviews and physical examinations of selected participants are

completed in accordance with appropriate NHANES procedure manuals 3033,

For the 2017-2018 NHANES survey cycle, 16,211 persons were selected for the survey. Of
those, 9,254 were interviewed and 8,704 were examined 2°. To increase the precision of
estimates for underrepresented subgroups, oversampled populations were Hispanic, non-
Hispanic black, non-Hispanic Asian, non-Hispanic white and other (non-Hispanic, non-Black,
non-Asian, or non-White) at or below 185% federal poverty level (FPL), and non-Hispanic white

and other persons aged 0-11 or 80 years and older %°.



Study population

For this study, samples were selected from the 8,704 participants completing the physical
examination. Inclusion criteria for this study are having completed both the interview and the
physical exam. Exclusion criteria for this study are being less than 18 years of age, pregnant, or
reported race as “Other Race - Including Multi-Racial”. Physical activity data adequate to
determine individual activity levels were not part of the questionnaire for participants less than
18 years of age®. Body measurements of pregnant participants are not comparable to non-
pregnant participants for BMI and waist-to-hip ratio (WHR) calculations, and are missing for
pregnant participants less than 20 years of age®. The exposure variable category of “Other Race
- Including Multi-Racial” fails to provide adequate information regarding the lived experience of
ethnicity for this segment of the population. Participants lacking adequate biomarker data to
determine reliable AL measures were deleted from analyses. Based on age, exam, pregnancy,
ethnicity, and outcome data status, 4606 participants met criteria. Figure 1 provides a flow

diagram of sample selection and determination of sample size.

NHANES 2017-2018 survey cycle:
Persons selected from 30 survey
locations n = 16,211

.| Did not complete interview n = 6957
| Did not complete physical exam n = 550

b 4

Assessed for eligibility n = 8704

Total excluded n = 3,514
Age<18n=3,171

Pregnant n =55

Other race n = 288

Missing outcome data n = 584

h 4

v

Total included for analysis n = 4606

Figure 1. Flow diagram of sample selection



Allostatic load (Outcome variable)

Allostatic load index is based on measurements of 10 biomarkers representing the regulatory
status of three systems: cardiovascular, metabolic, and immune. Allostatic load measures
selected for this study include cardiovascular measures of systolic blood pressure (SBP),
diastolic blood pressure (DBP), pulse rate (PLS), total cholesterol (TC), triglycerides (TG), and
high-density lipoproteins (HDL); metabolic measures include waist-to-hip ratio (WHR),
glycosylated hemoglobin (A1C), and albumin (ALB); and immune system measure of C-reactive
protein (CRP). Measures of allostatic load variables obtained during examination include SBP,
DBP?**, and WHR?. Measures obtained via laboratory testing include TC, TG, HDL, A1C, ALB,

and CRP 3L,

SBP and DBP are calculated as the average of three seated blood pressure measurements taken
one minute apart, using the Omron IntelliSense Blood Pressure Monitor (Model: HEM-907XL)
and reported in mmHg **. Measures for TC, TG, and HDL, are reported in mg/dL 3. WHR is
calculated using the waist circumference (taken at the uppermost lateral border of the iliac crest)
divided by the hip circumference (taken at the maximum protuberance of the buttocks) *°. A1C is
reported as a percentage L. ALB and CRP are reported in g/dL and mg/L respectively 3.
Allostatic load score is calculated by the number of biomarkers within or exceeding the highest
risk quartile of the normal range®®, where AL score is defined as the number of indicators
measured as high risk. Cut points for AL measures with references are listed in Table 1. Based
on previous studies, an AL score of 4 or greater will be used to define high AL?3% with a total
possible score of 10. For this study, valid ALI score requires at least one valid measure from
each of four physiological system groupings: SBP, DBP, and PLS; TC, TG, and HDL; A1C,

ALB, and WHR; and CRP.



Table 1. High risk scoring thresholds for allostatic load biomarkers

Below highest risk quartile of Within/exceeding highest risk

Biomarker normal range quartile of normal range
score=0 score=1

SBP 3° < 135 mmHg > 135 mmHg

DBP 3° < 87.5 mmHg > 87.5 mmHg

PLS ¥ <85 >85

TC 38 <206 mg/dL > 206 mg/dL

TG * <139 mg/dL > 139 mg/dL

HDL 3° > 50 mg/dL <50 mg/dL

WHR (Male) *° <0.83 >0.83

WHR (Female) 3 <0.79 >0.79

A1C* <5.4% >5.4%

ALB # >3.90r<4.6 g/dL <3.90r>4.6

CRP % < 6.2 mg/L 26.2 mg/L

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; PLS, pulse rate, TC, total cholesterol; TG, triglycerides;
LDL, HDL, high-density lipoproteins; WHR, waist-to-hip ratio; A1C, glycosylated hemoglobin; ALB, albumin; CRP, C-reactive protein

Ethnicity (Exposure variable)

Data for the exposure variable were obtained during the NHANES doorstep interview in
accordance with the Screener Module #1 questionnaire *3. For this study, ethnicity was grouped
into four categories, Mexican-American/Other Hispanic (MHA); non-Hispanic White (White);
non-Hispanic Black (AA); and non-Hispanic Asian (AsA). Ethnicity has been associated with

AL, physical activity, and BMI36:4445,
Covariates

Sociodemographic variables included in this study are gender, age, education level, ratio of
income to federal poverty level (FPL), nativity (US-born), and duration in the US among the
non-US-born participants ¢, as well as anthropometric variable of body mass index (BMI) (33),
and behavioral variables of diet (44), physical activity (45), and sedentary lifestyle(45-48) as
illustrated in the causal diagram, shown in Figure 2. Gender is categorized into two groups, male
and female. Both AL biomarkers and physiological variations differ as a function of

gender?>4"48 The age variable is self-reported and categorized into 7 levels: 18 — 29, 30 — 39, 40



—49, 50 - 59, 60 — 69, 70 — 79, and 80+ years of age. Previous studies have established positive
associations between age and several AL biomarkers**-, Education is self-reported and grouped
into four categories: no high school diploma, high school diploma, some college, and four-year
or higher college education. Education has a positive association with physical activity, and a
negative association with BMI as well as AL?1%+*°, However, research has found education to be
an effect-measure modifier in the relationship between ethnicity and AL, with varying magnitude
of association between ethnic groups®©2°3, Nativity variable, having been born outside the US,
was self-reported and grouped into three categories: US-Born, Non-US-Born with 10 or more
years in the US, and Non-US-Born with less than 10 years in the US. Among the Non-US-Born,
years in the US variable is self-reported and defined as having lived in the US for less than 10
years, and dichotomized as yes or no. Previous research has shown a protective effect of being
foreign-born and in the US for 10 years or less®*>°. Age, gender?®#’, education®8, and nativity®*
are potential confounders. Income, physical activity, sedentary lifestyle, diet, and BMI are used
for descriptive statistics only. Income is highly correlated with education?!. Physical activity,
sedentary lifestyle, and diet are known mediators between ethnicity and AL***°%2, BMI is highly
correlated with AL and has been used as a biomarker for AL*®,

Ethnicity and Allostatic Load — Covariate Diagram

Physical
activity

Sedentary
lifestyle

Allostatic Load

Figure 2. Causal diagram of association between ethnicity and allostatic load
8



Statistical analysis

Variables for analyses are contained in NHANES 2017-2018 demographics data, dietary data,
examination data, laboratory data, and questionnaire data files. All relevant data files were sorted
by sequence number and merged into one dataset, from which only variables relevant to this

study were retained. Covariates were coded into categories as previously described.

Descriptive statistics were computed using statistical software package SAS Version 9.4.
Descriptive statistics were calculated for categorical data using the surveyfreq procedure.
Unweighted frequencies and weighted percentages are reported by gender and ethnicity. Crude
prevalence ratios (PRs) of high AL between genders by ethnicity were calculated using weighted
percentages. To account for the complex NHANES survey design, variables for weighting,
strata, and clusters provided by NHANES were used in all SAS statistical procedures. Missing

data were negligible, well under 5%.

Statistical software package R version 4.1.0 with RStudio Version 1.4.1717 was used to produce
Poisson regression models to estimate the PRs and 95% confidence intervals (95% CI) of
exposure (ethnicity) and covariates on the outcome measure (AL). To account for the complex
NHANES survey design, variables for weighting and strata provided by NHANES were used in
all R statistical procedures. The cluster variable (two clusters as defined by survey design) was
modified, manually assigned a value of one, due to limitations in fitting multiple categorical
variables using the R svyglm procedure. Sensitivity analyses were performed, determining this
modification to have inconsequential impact on statistical validity. The dataset was subset into
male and female participants for analyses. Several models were used to estimate the association
between ethnicity and AL by gender. All models were labeled using the following framework:
Model 1 estimated the crude (unadjusted) effect of ethnicity on allostatic load, high AL (4+) with

low AL (<4) as the referent. Model 2 estimated the effect of ethnicity adjusted for potential

9



confounder age determined a priori. Model 3 estimated the age-education-adjusted effect of
ethnicity, and model 4 estimated the age-education-nativity-adjusted effect of ethnicity. Multiple
comparisons were performed to examine the age-adjusted effect of ethnicity, stratified by

education level.

10



Results

Characteristics of Study Population

Demographic, anthropometric, behavior, and AL characteristics of participants are provided by
ethnicity and gender in Table 2. Age distribution varied between ethnicities. Whites had the most
even distribution, with the highest percentage of adults aged 60 and older. MHAS had the lowest
percentage of adults aged 60 and older, and the highest percentage of adults aged 18 to 29.
Women represented the highest percentages of adults aged 50 and older for all ethnicities,
consistent with previous research®®. Educational attainment also varied. MHASs had the lowest
percentage of adults with a four-year or higher college education and the highest percentage
(31%) of adults not completing a high school education. AsAs hold the highest percentage (52%)
of adults with a four-year or higher college education, and Whites had the lowest percentage of
adults not completing a high school education. Whites and AsAs were most affluent with highest
percentages within the 400+% FPL category and the lowest percentages below poverty level.
AAs and MHAs were least affluent with the highest percentages below poverty level. Among
both Whites and AAs, women have lower incomes. Conversely, women have higher incomes
among both MHAs and AsAs. Within the AsA population, over 80% were non-US-Born, and
over 20% having lived in the US for less than 10 years. Sedentary lifestyle was greatest among
Whites and AsAs, and least among MHAs, consistent with previous research®. AsA females had
the lowest percentage of adults with a high allostatic load (36%). AsA males had the highest
percentage of adults with high allostatic load (53%). With the exception of AAs, findings were

consistent with previous literature where males were more likely to have high AL “8,

Crude Associations Between Gender, Ethnicity and Allostatic Load

11



Measures of association are reported as PRs. Stratified by ethnicity, crude PRs for the sample
were highest among men, with the exception of AAs. Compared to White women, AA women

were slightly more likely to have high AL than AA men compared to White men.

Results of gender-specific Poisson regression models are reported as PRs and provided in Tables

3 (female) and 4 (male).

Crude PRs for women by ethnicity are highest among AAs and lowest among AsAs. Crude PRs
for men by ethnicity are highest among AsAs and lowest among Whites. The prevalence of high
AL by ethnicity and gender, ranked highest to lowest: AsA men (53%), AA women (52%), AA

men (49%), MHA men (48%), White men (47%), MHA women (42%), White women (39%),

and AsA women (36%).
Adjusted Associations Between Ethnicity and Allostatic Load

Adjusting for age, non-White ethnicities had higher AL, with the exception of AsA women. By
gender, AAs had the highest among women, and AsAs the highest among men. The lowest PR

among men occurred in AAs.

Adjusting for both age and education, PRs decrease less than 10% among AAs and MHAs, and
increased less than five percent among AsAs, consistent with previous research >°2, Among
women, AA women had the highest PR and AsA women had the lowest PR. Among men, AsA
men had the highest PR and AA men the lowest PR. Lastly, adjusting for nativity with US-born
as referent, no ethnicity had a PR change more than 10%. However, AsAs experienced an

increased PR where AAs and MHASs decreased.

12



Age-adjusted Associations Between Ethnicity and Allostatic Load Stratified by Education —

Multiple Comparisons

Due to evidence of effect-measure modification, where there was heterogeneity among and
between ethnic groups when adjusting for education, further analyses were indicated. Results for
multiple comparison analyses are provided in Tables 5 (female) and 6 (male). Except for AA
women and MHA men, the lowest PR for all non-Whites were among those with no high school

diploma.

All non-White women had a 40% increase in PR between the lowest and the highest education
levels. However, the gradient patterns between education levels differed greatly for AA women.
Where AsA women had the lowest PRs at all education levels with a generally linear increase,
and MHA women followed the same linear pattern with PRs 10% higher than AsA women, the
PRs of AA women sharply increasing by nearly 50% between those with a high school education
and those with some college. Only at the lowest education level, did PRs of MHA and AsA
women dip below that of White women, with AsA women having the lowest PR of the study.
AA women with a greater than high school education hold the highest PRs of the study, and is
consistent with previous research suggesting the unique stressors experienced, and subsequent

coping strategies employed, by AA women %>,

PR gradient patterns differed more among men than among women in the study as levels of
education increased. AA men had the flattest and most linear, with a 15% increase in PRs from
lowest to highest education levels. AsA men maintained the highest PRs for the lowest three
education levels, peaked among those with some college, and dropped sharply by 20% among
those with the highest education, with a PR nearly equal to AA men. For MHA men, the pattern

was generally flat for the lowest three education levels, then sharply increased by 40% at the

13



highest education level, holding the highest PR among men with the highest education. For all

but the highest education level, AsA men hold the highest PRs among men.

Comparing men and women within ethnic groups, MHA patterns were most closely aligned at
each education level. AsAs had nearly identical gradient patterns for the first three education
levels, with a 40% difference, except at the highest education level (10%). AA patterns were
roughly opposite that of AsAs with a more than 40% divergence occurring at the highest two

levels of education.

14
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Discussion

The analyses of this nationally representative sample provide evidence of an association between
ethnicity, gender, and allostatic load, and highlights the heterogeneity of effect that educational
attainment has on the AL of each ethnicity by gender. These findings suggest the health benefits

of higher educational attainment, and higher socioeconomic position, are not equally distributed.

Recent studies on AL among AA women suggest the pressures they experience are unique,
resulting in equally unique coping strategies, labeled “strong Black woman” role, or
“superwomen” schema %%, There is a large disparity (30%) between AA women and AA men.
Given their similar education profiles, and AA men having the flattest gradient in the study,

indicate considerable gender inequality unique to AAs.

This disparity holds true between AA women and other non-White women, most notably MHAs.
Specifically, highly educated AA women have a higher PR of AL (1.588) than that of MHA
women (1.251). Discrimination may be experienced more intensely among AA women,
supporting previous research where striving for higher education may prove more stressful
among marginalized populations?®. The nearly identical gradient pattern between MHA and AsA
women, and their high proportions of non-US-born participants might indicate specific cultural
influences are driving some of this disparity between AA and other non-White women. These
findings also support evidence that the physiological response to stress is not uniform for all
stressors. Specifically, circumstances in which one could be judged negatively by others (i.e.

Racial discrimination, low SES) elicits a more pathophysiological response®®6°,

AsA men hold the highest adjusted AL among men, and for all but the highest education level in
education-stratified analyses. Similar to AAs, AsAs also have nearly identical education profiles

and large gender disparities (20%) in AL. However, it is the AsSA men who carry the highest AL.

18



Interestingly, the only finding consistent with previous research showing an inverse AL
relationship with education is the negative gradient among AsA men, occurring between those
with some college and those with the highest education?t. Among AsA men, AL is lowest for
those most highly educated. However, there is little research to compare the positive gradient
among AsA men that exists between no-high-school and some-college education levels. The
inverse is true for MHA men, where the gradient pattern increases, from its lowest, among those
having some college, and those most highly educated, at its peak. There are also very large
differences between education and income profiles between MHA and AsA men. This might be
explained by studies indicating strong values and feelings of obligation to support family exist
among both MHA and AsA populations "°. Given the high proportions of non-US-born among
both groups, and MHA men having the smallest proportion of those with the highest education
compared to AsA men, a nearly four-fold difference, there may be a much larger burden on

MHA men to meet these culturally driven obligations.

There are considerable differences in educational attainment and AL between Whites and AsAs,
particularly at the highest and lowest education levels. However, there is little research on AL
among ethnicities that specifically include AsA populations, much less inclusion of AsA ethnic

subgroups, on which to compare these findings.

Strengths and Limitations

There are a number of strengths to this study. The recognized validity of data used in this study
lies in the nationally representative characteristics of the sample, and the NHANES rigorous
protocol?®. The over-sampling of underrepresented subgroups greatly improved the statistical

precision of estimates for these groups. Notably, the over-sampling of AsAs allowed for analyses
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that is rarely undertaken in studies of AL between ethnicities. In developing an index to quantify
AL, this study used a composite of AL biomarkers and cut-points derived from previous studies,
using variables available in the NHANES 2017 — 2018 dataset, and incorporates emerging
philosophies®3*28, By including in analyses a comprehensive list of covariates available in the
NHANES 2017 — 2018 dataset provided substantial adjustment for confounding and exploration
of the effects of education and nativity on the relationship between ethnicity and AL. In recent
years, the accuracy of BMI measurement protocol has come under scrutiny, therefore not
included as a component of AL measurement "3, The cut-points for the AL index were set
within the highest risk quartile of the normal range for each biomarker®. These cut-points are
chosen in order to capture risk scores that are indicative of developing pathological adaptive

changes such that preventive, versus corrective, measures might be implemented=.

There are several limitations in this study. The cross-sectional study design prevents assessment
of temporal relationships between the lived experience of ethnicity, covariates, and allostatic
load. Due to small sample sizes, Mexican-American and Other Hispanic-Americans were
aggregated into Mexican-/Hispanic-American (MHA) for this study. The differences between
these ethnic groups may well have been masked, accounting for the differences in direction and
magnitude of effect across education levels. Regardless of oversampling in the NHANES survey
design, AsA populations may not be accurately represented. Previous research has highlighted
the need for disaggregation of AsA ethnic subgroups in future research’76. Very few studies
examine associations between AsA ethnic subgroups and health outcomes’ ¢, Of those,
significant heterogeneity exists between these subgroups in terms of health, discriminatory
experiences, educational attainment, income, and language barriers ">77. Furthermore, access to
data for detailed research on national health trends among these subgroups is limited due to

disclosure concerns resulting from their small proportions in the US population ", Publicly

20



available national level data used in current studies of health outcomes among AsA ethnic
subgroups have been limited to self-rated health, lack objective measures, and are gleaned from
surveys designed for purposes other than health®. The lack of access to AsA ethnic subgroup
data for this study precluded the ability to examine heterogeneity among these subgroups. Also,
no subgroup for Native Hawaiian/Other Pacific Islanders was available in the publicly available
NHANES dataset’. Therefore, no Hawaii-specific generalizations could be made. Stratification
by gender and education resulted in small subgroup sizes, reducing the statistical power of
findings between education levels. Assessment of biomarkers are dependent upon self-reported
fasting prior to specimen draw. Indicators of social connectedness are not available, which have
been shown to be protective against the effects of stress and its presentation in AL measures?%4’,
Biomarkers most associated with AL have been found to differ by gender, where the most
common AL indicators for men are BP, cholesterol, and WHR*'. The most common AL
indicators for women, urinary cortisol and catecholamines*’, are not available in the NHANES
2017 — 2018 dataset. Therefore, the effects of gender on AL may not be fully captured. Several
allostatic load indices are being used to produce scores reflecting AL, However, there has yet
to be consensus on selection of biomarkers, biomarker cut-points, and methods to compose an

AL index®®.
Future Research

Future research based on this study should explore the strong positive relationship between
education and AL among AA women. Efforts should also be made to use restricted-use data,
such as available through NCHS Research Data Center (RDC) to disaggregate Asian ethnic
subgroups. Exploring the effects of gender among AAs and AsAs on AL may well identify
mutable factors that effectively address these significant disparities. Further investigation of

nativity and years lived in the US could expand on cultural influences on AL and their
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implications. Focused efforts must continue in the development of a gold standard measure of
AL to improve the validity and comparability of findings based on biomarker data. More

research on biomarkers that differ by gender is also an important consideration in that quest.
Conclusion

The current study illustrates the complex relationships between gender, ethnicity, education, and
allostatic load that underscore the extensive impact of social disparities on health and
socioeconomic security. It also highlights the need for disaggregation of Asian ethnic subgroups
to better understand these relationships. Gender and ethnic disparities are not only associated
with NCDs such as CVD, chronic kidney disease, diabetes, and their associated YLDs and
treatment costs. They also influence perceptions of cohesiveness and power differentials in social
and professional networks, key factors in socioeconomic security®®®7®, The protective nature of
cultural cohesiveness could be leveraged through policies and initiatives targeting discrimination
and hostile environments not only in employment and educational environments, but in social

media and public spaces as well 80-82,
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