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Abstract

Background: Allostatic load (AL) is defined as a cumulative burden of chronic stress and life events, which
involves the interaction of different physiological systems at varying degrees of activity. AL is suspected of
contributing to health disparities among different populations. Suppressed or overactive physiological systems
can interrupt AL affecting proper tissue and organ function leading to disease. The objective of our study was to
determine the association of AL with dual chronic conditions.
Methods: We used data from the National Health and Nutrition Examination Survey (NHANES). For the
current analysis, we used the data cycles of 2007–2010, which is the most recent data that collected com-
prehensive measures of the composite AL outcome variable. Descriptive, bivariate, and multivariable logistic
regression, with stepwise forward variable selection method (P < 0.05), were conducted using STATA/IC 15.0.
Results: AL levels were high among 20% of the respondents (n = 2179). Having a lower income to poverty
ratio, being married, physical inactivity, experiencing sleep problems, and a history of smoking were signifi-
cantly associated with high AL (P < 0.05). Non-Hispanic blacks [odds ratio (OR): 1.8; 95% confidence inter-
val (CI): 1.6–2.4] and Mexicans and other Hispanics (OR: 1.4; 95% CI: 1.1–1.7) had higher AL compared to
Caucasians. Having cardiovascular disease (CVD) (OR: 1.7; 95% CI: 1.4–2.2) and diabetes (OR: 4.7; 95% CI:
3.8–5.7) independently, as well as both CVD and diabetes (OR: 3.1; 95% CI 2.7–3.6), were associated with
higher odds of AL. We conducted an age-adjusted regression model that indicated higher odds of elevated AL
among females with diabetes independently (OR: 1.4; 95% CI: 1.2–1.9) and with both CVD and diabetes (OR:
1.6; 95% CI: 1.2–2.1) compared to men.
Conclusions: Despite the significant impact and association of AL with overall health, there is minimal evidence of its
risk factors and linkage to disease burden. Modifiable lifestyle factors were associated with a higher AL. There is a
critical need to support ethnic and gender contextual interventions to reduce the burden of AL on chronic conditions.
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Introduction

Allostatic load (AL) refers to the cumulative burden
of chronic stress and life events. It involves the inter-

action of different physiological systems at varying degrees
of activity. When environmental challenges exceed the in-
dividual ability to cope, then allostatic overload ensues.
The health disparities with risk factors lead to allostatic
dysregulation with maladaptive physiological (including
hypothalamo-pituitary-adrenal axis, sympathetic nervous
system, and the immune system) and behavioral responses
culminating in allostatic loading and, ultimately, to diseased
states such as with cardiovascular disease (CVD).1 AL is
identified by the use of biomarkers and clinical criteria.

Chronic disease leads to poor overall health, disability,
and death, accounting for most health care expenditures in
the United States.2,3 Approximately half (50.9%) of adults
have at least one chronic condition, with 26% having two or
more chronic conditions.4 Cross sectional evidence shows
that high AL is associated with CVD,5,6 periodontal dis-
ease,6 chronic fatigue syndrome, and diabetes.7 In longitu-
dinal studies, high AL is predictive of all-cause mortality8

and lower cognitive and physical functioning.9 With limited
evidence on whether AL is higher among those with multiple
chronic diseases or not, this study aims to examine the as-
sociation of AL with CVD or diabetes or both conditions
using the National Health and Nutrition Examination Survey
(NHANES) study. We further assess race/ethnic comparisons
while adjusting for potential confounders.

Methods

Study design and population

NHANES is a cross sectional, observational study of
noninstitutionalized U.S. residents conducted by the Na-
tional Center for Health Statistics of the Centers for Disease
Control and Prevention (CDC). NHANES uses a stratified,
multistage probability design to obtain a nationally repre-
sentative sample of the U.S. population. Non-Hispanic black
and Hispanic individuals, persons 60 years of age and older,
and individuals of low-income are oversampled to produce
those nationally representative estimates.7 We used the most
recent NHANES data cycles of 2007–2010, with complete
measures of AL, described in detail below. We restricted our
sample to participants with data on the primary outcome
variables (i.e., diabetes and CVD). The National Center for
Health Statistics Institutional Review Board approved this
protocol. All participants provided written informed consent
at the time of the household interview.

Allostatic load

All measures for AL were collected using a mobile ex-
amination center by a trained technician using standardized
procedures. AL was calculated as the sum of 11 indicators
of biological functioning across a range of regulatory sys-
tems, including systolic blood pressure (SBP) (‡140 mmHg)
and diastolic blood pressure (>90 mmHg) (cardiovascular
system); plasma high-density lipoprotein cholesterol (HDL-
C) (<30 mg/dL), triglycerides (‡150 mg/dL), total cholesterol

(TC) (‡250 mg/dL), serum albumin (£3.9 mg/dL), c-reactive
protein (‡0.33 mg/dL), fibrinogen (>336 mg/dL), creatinine
clearance (£16.49 mg/dL), and glycohemoglobin (>5.6%)
(lipid metabolism and long-term atherosclerotic risk); and
body mass index (BMI) (‡30 kg/m2) (adipose tissue depo-
sition).10 High AL was defined as having three or more of
these indicators.

Diabetes

Diabetes was defined as self-reported physician-diagnosed
diabetes. Participants were asked to report the age they were
diagnosed. Duration of diabetes was categorized as 5 or
younger, 5 to 9, and 10 or more years.

Cardiovascular disease

CVD was defined as a self-reported history of conges-
tive heart failure, coronary heart disease, angina, myocardial
infarction, or stroke.

Covariates

Demographic characteristics were collected through
self-report during the household examination and included
age (20–29, 30–49, 50–64, 65–74, ‡75 years), race/ethnicity
(non-Hispanic white, non-Hispanic black, Hispanic (i.e.,
Mexican American and other Hispanic), and other – in-
cluding biracial), marital status (married/living with partner,
single), and income to poverty ratio (<1.3, 1.3–3.5, >3.5).
The income to poverty ratio was created using the Depart-
ment of Health and Human Services poverty guidelines.11

The participants’ family monthly income was divided by the
poverty guidelines, which takes into account family size.

Behavioral characteristics included physical activity
(PA) (inactive, insufficiently active, meeting PA (active and
highly active) guidelines),12 self-reported trouble sleeping,
current smoking status (nonsmoker, former smoker, never
smoker), and alcohol intake (nondrinker, moderate drinker,
excessive drinker). PA was assessed using a modified Global
Physical Activity Questionnaire.8 Participants were asked to
report the frequency and duration of engaging in any
vigorous-intensity sports, fitness, or recreational activities
that cause large increases in breathing or heart rate like
running or basketball for at least 10 min continuously in a
typical week. We defined participants as inactive if they
reported no PA, insufficiently active if they reported >0 to
<150 min/week of PA, and meeting guidelines for PA if
they reported ‡150 min/week of PA.12

Alcohol intake was assessed as the average number of
alcohol drinks/day in the past 12 months. We defined par-
ticipants as nondrinkers, if they reported not drinking in the
past 12 months or in their lives, and moderate drinkers, if
they reported drinking less than 4 or 5 drinks/day in men
and women. Participants were defined as excessive drinkers
if they drank more than 4 or 5 drinks/day in men and in
women.13

Other health conditions included self-reported doctor-
diagnosed liver disease, cancer, weak/failing kidneys, and
general health status. General health condition was defined
as self-reported excellent/very good, good/fair, or poor
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health. Participants also reported the number of days they
did not have good physical or mental health in the past
month.

Statistical analysis

We used descriptive statistics to compare characteristics
of the population by diabetes and by CVD status. Chi-square
was used for categorical variables and Student’s t-test for
continuous variables. For the main analysis, multivariable
logistic regression, with stepwise forward variable selection
method (P < 0.05) was used to compare the odds of high AL
by race and age stratified by gender. We repeated these
analyses with diabetes and CVD status as the independent
variables, adjusting for age. To test for effect modification,
we stratified the analyses by gender and race/ethnicity. The
complex survey design used for NHANES data collection
was incorporated into all data analysis using STATA/IC 15.0
(StataCorp LP: College Station, TX). All analyses were
conducted in 2018 and considered statistically significant at
an alpha of 0.05.

Results

Table 1 describes the demographic characteristics of the
population by chronic disease status. Age, ethnicity/race,
and income to poverty ratio were significantly (P < 0.001)
associated with having CVD, diabetes, and both chronic
conditions (CVD and diabetes). Specifically, a significantly
(P < 0.001) higher proportion of respondents 50–64 years
old had CVD, diabetes, and both chronic conditions (30.5%,
37%, and 34%, respectively) versus those 20–29 years old
(1.7%, 2.6% and 2.5%, respectively). There were significant
(P < 0.001) gender differences in respondents who reported
having CVD with 56.2% being men and 43.9% women, but
no significant gender differences were observed in respon-
dents who had CVD, diabetes, and both chronic conditions
(Table 1).

Association of CVD, diabetes, and both chronic
conditions across behavioral characteristics

Table 2 describes the behavioral characteristics of the
population by chronic disease status. Participants who met
guidelines for PA had significantly (P < 0.001) lower prevalence
of CVD (7%), diabetes (6.3%), and both chronic conditions
(7.2%) than physically inactive participants (63.2%, 66.1%, and
63%, respectively). Among the respondents who reported sleep
problems, a significantly (P < 0.001) higher proportion had
CVD, diabetes, and both chronic conditions (41.5%, 34.8%,
and 36.6%, respectively) compared to those who did not
(58.5%, 65.2%, and 63.4%, respectively) (Table 2).

Association of CVD, diabetes, and both chronic
conditions across health-related conditions
and biomarkers

Table 3 indicates that respondents who reported having
liver disease, cancer, and weak or failing kidneys had a
significant association with CVD, diabetes, and both CVD
and diabetes (P < 0.001). Other factors that were signifi-
cantly associated with the three (CVD, diabetes, and
both chronic diseases) included respondent perception of
physical health and general health; obesity as measured by

BMI; low-density lipoprotein (LDL) cholesterol; HDL-C;
triglycerides; SBP; hypertension; albumin; CRP; and AL
(P < 0.001).

Correlates of CVD, diabetes, or both
chronic diseases

As shown in Table 4, non-Hispanic blacks were almost
two times more likely to have a higher AL compared to the
non-Hispanic white population (adjusted odds ratio [aOR] =
1.99, 95% confidence interval [CI]: 1.64–2.41), while
Mexicans and other Hispanics were 1.42 times more likely
to have both a higher AL compared to the non-Hispanic
white population (aOR = 1.42, 95% CI: 1.13–1.77). Having
an income to poverty ratio of <1.3 was (24%) less likely
associated with high AL (aOR = 0.76, 95% CI: 0.65–0.89)
compared to having an income to poverty ratio of greater
than 3.5. With regard to marital status, the odds of having a
lower AL were significantly (18%) lower among respon-
dents whose marital status was single (aOR = 0.82, 95% CI:
0.75–0.91) compared to those who were married (Table 4).

Respondents who reported being physically inactive were
more likely to have higher AL (aOR = 1.54, 95% CI: 1.49–
1.60) compared to those who reported meeting the physical
exercise guidelines. Respondents who reported experiencing
sleep problems were significantly (aOR = 1.39, 95% CI:
1.21–1.59) more likely to have a higher AL compared to
those who reported having no sleep problems. Respondents
who reported being past smokers were significantly more
likely (aOR = 1.40, 95% CI: 1.21–1.62) to have a higher AL
compared to the nonsmokers. Nondrinkers were less likely
(aOR = 0.54, 95% CI: 0.46–0.62) to have a higher AL
compared to excessive drinkers. Respondents with no weak/
failing kidneys were (53%) less likely (aOR = 0.47, 95% CI:
0.37–0.42) to have a higher AL compared to those with
weak/failing kidneys.

Those who reported not having good mental health and
physical health in the past 2 weeks were more likely to have
a higher AL (aOR = 1.67, 95% CI: 1.38–1.89 and aOR =
1.37, 95% CI: 1.17–1.60, respectively). Low HDL-C was
associated with higher AL (aOR = 1.40, 95% CI: 1.18–1.66).
Those who had CVD were more likely to have a higher AL
(aOR = 1.74, 95% CI: 1.39–2.18); furthermore, respondents
who had diabetes were more likely to have a higher AL
(aOR = 4.67, 95% CI: 3.79–5.74).

Finally, those with both conditions (CVD and diabetes)
were more likely to have a higher AL compared to those
who had neither (aOR = 3.13, 95% CI: 2.71–3.62) (Table 4).
We further conducted an age-adjusted analysis model
whereby there were higher odds of elevated AL among fe-
males with diabetes independently (OR: 1.4; 95% CI: 1.2–
1.9) and women with both CVD and diabetes (OR: 1.6; 95%
CI: 1.2–2.1) compared to men.

Discussion

The findings revealed that there is a significant association of
AL with diabetes, CVD, and having both conditions. The as-
sociation between high AL and CVD in our study is also evi-
dent in other similar settings that show increased AL (excluding
respective definitive parameters) being significantly associated
with higher odds of hypertension, diabetes, and self-reported
CVD.5 The presence of AL mainly manifests a greater array of
varied health outcomes such as CVD and mortality.14
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The study findings indicate that being a past smoker and
having excessive drinking habits increase the chance of
having high AL. Recent literature associates frequent alco-
hol use with components of AL.15 Reciprocally, the higher
level of AL compromises positive health behaviors through
stress experiences and through damaging behaviors such as
tobacco and alcohol abuse that frequently accompany
chronic stress states.16 Similarly, there is a link between
physiological indicators of stress to future morbidity and
mortality from cardiometabolic disorders such as diabetes.17

Redundant exposure to stress demonstrates excess secre-
tion of glucocorticoids and catecholamines and increases
the risk for diabetes and CVD.18 This reflects on AL score
with a direct measure of stress-induced cardiovascular,
metabolic, and immune biomarkers resulting in greater
physiological dysfunction.18,19

In our study, lower income or poverty level was associ-
ated with high AL. Other findings have documented that
higher socioeconomic status promotes some healthy beha-
viors and is associated with lower AL.20 This finding is also
supported by other research findings, in which households
with incomes below the poverty line are positively associ-
ated with higher AL; this, therefore, presents long-term
health implications of living in neighborhoods with high
concentrations of poverty apart from the household income
level.21,22 However, the relationship between poverty and
AL may also be mediated through stressors associated with
neighborhood conditions but not merely on the psycholog-
ical stress manifestation.23

In this study, those who are physically inactive or do not
meet the physical exercise guidelines were reported to have
a high AL. It has been documented that individual lifestyle
habits such as diet, exercise, substance abuse, and devel-
opmental experiences set life-long behavior patterns and
physiological reactivity 24 associated with AL. Having low
levels of PA and stressful events of daily life elevates and
sustains activities of physiological systems that can cause
sleep deprivation, overeating, and other health-damaging be-
haviors, producing the feeling of being ‘‘stressed out.’’25

This finding is also reinforced through current literature
indicating that highly active participants had lower AL and
inflammatory risk than sedentary participants with meeting
versus not meeting physical exercise guidelines.26

Our findings indicate that sleep deprivation/having
sleeping problems is associated with higher levels of AL.
Sleep deprivation and circadian disruption can be stressors,
enhancers of other stressors that have consequences for the
brain and many body systems, contributing to the cumula-
tive wear and tear on body systems caused by too much
stress.27 Evidence from the 2005 to 2008 NHANES revealed
that after adjustment for sociodemographic and lifestyle
factors and depression status, high AL was significantly as-
sociated with sleep apnea, snoring, snorting/stopping breath-
ing, prolonged sleep latency, short sleep duration (<6 hr), and
diagnosed sleep disorder.28

Other findings have demonstrated that inadequate or prob-
lematic sleep can be taken as a neurobiological and physiologic
stressor.29 Others argue that sleep by itself is considered a
component to construct AL.30 The literature review suggests
that in any case, there might be a bidirectional association be-
tween AL and sleep disturbances in that sleep deprivation and
poor sleep quality associated with stresses may contribute to
AL. High AL might also contribute to sleep disturbances.9
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Table 4. Predictive Factors Associated with Allostatic Load

Variables

Unadjusted Adjusted

OR 95% CI P OR 95% CI P

Race
Non-Hispanic white 1.00 1.00
Non-Hispanic black 1.81 1.48–2.21 <0.001** 1.99 1.64–2.41 <0.001**
Mexican and Other Hispanic 1.23 1.00–1.53 0.050 1.42 1.13–1.77 0.003**
Other 0.67 0.47–0.96 0.030 0.74 0.51–1.07 0.102

Income to poverty ratio
<1.3 1.82 1.70–1.96 0.016** 1.76 1.65–1.89 0.001**
1.3 to 3.5 1.58 1.49–1.68 <0.001** 1.54 1.46–1.64 <0.001**
>3.5 1.00 1.00

Marital status
Single 0.84 0.77–0.92 0.001** 0.82 0.75–0.91 <0.001**
Married/Living w/Partner 1.00 1.00

Behavioral
PA

Inactive 1.51 1.47–1.57 <0.001** 1.54 1.49–1.60 <0.001**
Insufficiently active 1.28 1.21–1.37 <0.001** 1.32 1.24–1.42 <0.001**
Meeting guidelines 1.00 1.00

Sleep problems
Yes 1.44 1.26–1.66 <0.001** 1.39 1.21–1.59 <0.001**
No 1.00 1.00

Smoking
Current 1.28 1.08–1.52 0.005 1.13 0.96–1.34 0.139
Past 1.30 1.13–1.49 0.001** 1.40 1.21–1.62 <0.001**
Nonsmoker 1.00 1.00

Alcohol
Nondrinker 0.50 0.44–0.57 <0.001** 0.54 0.47–0.62 <0.001**
Moderate drinking 0.68 0.59–0.77 <0.001** 0.85 0.73–0.98 0.024
Excessive drinking 1.00 1.00

Weak/failing kidneys
Yes 1.00 1.00
No 0.42 0.32–0.55 <0.001** 0.47 0.37–0.62 <0.001**

Physical health not good (past month), days
<15 1.73 1.53–1.95 <0.001** 1.67 1.38–1.89 <0.001**
15 to 30 1.00 1.00

Mental health not good (past month), days
<15 1.32 1.13–1.54 0.001** 1.37 1.17–1.60 <0.001**
15 to 30 1.00 1.00

General health condition
Excellent, very good 1.00 1.00
Good/fair 2.62 2.27–3.03 <0.001** 2.58 2.24–2.97 <0.001**
Poor 6.69 4.91–9.12 <0.001** 6.30 4.62–8.60 <0.001**

Duration of diabetes, years
<5 4.81 3.17–7.29 <0.001** 4.11 2.71–6.25 <0.001**
5 to 9 5.02 3.93–6.40 <0.001** 4.28 3.37–5.43 <0.001**
‡10 1.00 1.00

Waist to height ratio
03 to <0.5 1.00 1.00
0.5 to <0.7 11.88 7.59–18.60 <0.001** 11.16 7.07–17.62 <0.001**
‡0.7 85.18 53.40–135.88 <0.001** 79.96 49.44–129.32 <0.001**

HDL-C, mg/dL
Low, <40 1.40 1.17–1.66 <0.001** 1.40 1.18–1.66 <0.001**
Normal, ‡40 1.00 1.00

Triglycerides (mg/dL)
Normal, <150 3.63 3.06–4.32 <0.001** 3.57 2.99–4.26 <0.001**
High, ‡150 1.00 1.00

(continued)
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Having poor mental and physical health was associated
with a higher level of AL. This is also evidenced by a study
that showed people with high AL rated their physical health
much worse and reported a greater overall smoking history
and consumption of alcohol.31 A national sample of middle-
aged and elderly Taiwanese depicted a significant association
between biomarkers of stressful experiences and profiles of
physical and mental functioning.32 Other studies indicate that
mental health might also arise as a result of stress experienced
from inequalities in social and economic opportunities and
environmental conditions,33 further explaining the due ef-
fect of chronic stress on the mental health functioning of
individuals.

Limitations

The study was a cross sectional survey that does not
follow participants over time; hence, it lacks a temporal
order of the factors or evaluates causality and does not allow
making causal inferences. Due to the nature of the NHANES
data, we did not ascertain the willingness of the individuals
to participate or who refused to participate, in which there is
a possibility that our results could be under- or over-
estimated reporting. Some of the variables are self-reported
and may possess reporting bias unlike the measurement of
the biomarkers and physiologic measures of chronic stress.
In addition, all biomarkers’ measurements were performed
only once, so some phenotype and laboratory markers such
as the blood pressure and fibrinogen could be biased, as they
can easily be modified by temporal diseases or clinical facts.
The study also fails to assess the full impact of chronic stress
related to health and wellbeing. Finally, the different AL
definitions across different studies makes difficult on the
comparison of the results across the studies.

Conclusion

Our study strongly shows the interplay between higher
AL and other variables, such as having CVD and diabetes as
well as having both CVD and diabetes, being physically
inactive or not meeting the physical exercise guidelines,
having sleeping problems, being a past or current smoker,
excessive drinking habits, weak or failing kidneys, and poor
mental health and physical health. It is recommended to
focus and act on those modifiable lifestyle behaviors, such
as reducing substance use, participating in regular PA, and

experiencing psychosocial support interventions to reduce
higher AL for averting CVD and diabetes conditions. There
is a need to conduct more longitudinal/cohort studies to
better measure the manifestation and biomarkers of AL to
reduce the burden on chronic conditions.
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Table 4. (Continued)

Variables

Unadjusted Adjusted

OR 95% CI P OR 95% CI P

Chronic conditions
CVD

Yes 2.16 1.77–2.65 <0.001** 1.74 1.39–2.18 <0.001**
No 1.00 1.00

Diabetes
Yes 5.17 4.18–6.41 <0.001** 4.67 3.79–5.74 <0.001**
No 1.00 1.00

CVD/diabetes
Yes 3.40 2.94–3.94 <0.001** 3.13 2.71–3.62 <0.001**
No 1.00 1.00

**P < 0.001. Adjusted for age, gender, and other health conditions (liver diseases and cancer).
CI, confidence interval; OR, odds ratio.
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