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All-Cause Mortality in U.S. Adults:
The Effect of Allostatic Load
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SYNOPSIS
Objective. We investigated the association between a cumulative biological
risk or allostatic score and all-cause mortality risk. We used 13,715 records of
participants aged 25 years and older from the Third National Health and Nutrition Examination Survey (NHANES III) linked to the National Death Index.
Methods. We specified all-cause mortality using the underlying cause of
death in the death certificate. We calculated time to death from interview date
through December 31, 2000, as person-years of follow-up using the NHANES
III interview month and year. We used Cox proportional hazards regression to
estimate hazard ratios (HRs) relating all-cause mortality risk for those with an
allostatic score of 2 and 3 relative to those with an allostatic score of 1.
Results. After controlling for age, gender, race/ethnicity, education, and
income, mortality rates were 40% (HR51.40, 95% confidence interval [CI] 1.11,
1.76) and 88% (HR51.88, 95% CI 1.56, 2.26) higher for participants with an
allostatic score of 2 and 3, respectively, compared with those with a score of
1. The death rate associated with allostatic score for each racial/ethnic group
differed with age.
Conclusions. The allostatic score increased the risk of all-cause mortality. Moreover, this increased risk was observed for adults younger than 65 years of age
regardless of their race/ethnicity. Thus, allostatic score may be a contributor to
premature death in the U.S.
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The black/white mortality gap has been pervasive in
the United States since quality data have been collected
(i.e., 1960).1,2 In fact, the most recent mortality data
suggest that non-Hispanic black people have a higher
age-adjusted all-cause death rate than non-Hispanic
white people.3 The higher mortality rate among nonHispanic black people has been attributed in part to
their long-lasting exposure to socioeconomic disadvantage and sociopolitical exclusion,4 including racism
and/or discrimination.5 However, the pattern observed
among non-Hispanic black people does not hold for
the Hispanic population, the largest minority group in
the U.S.6,7 Hispanic people exhibited an age-adjusted
all-cause death rate that was lower (564.0 per 100,000
population) than both non-Hispanic black people
(1,001.4 per 100,000 population) and non-Hispanic
white people (777.0 per 100,000 population),3 despite
the fact that Hispanic people have lower socioeconomic position and access to care than non-Hispanic
individuals.8
The cumulative exposure to socioeconomic disadvantage and racism/discrimination could have detrimental effects on health that may lead to premature
death (i.e., death for those younger than 65 years of
age). This cumulative effect may influence allostatic
load, which is defined as the cumulative effect of
physiological instability across systems from repeated
adaptation to stressors.9,10 This, in turn, may disturb
the release of certain biomarker substances in the body
(i.e., epinephrine, dehydroepiandrosterone sulfate,
and cortisol). These hormones may cause increases
in blood pressure, cholesterol levels, glycated hemoglobin, C-reactive protein, and waist-hip ratio, among
other health indicators.10,11
Because of the multiple systems affected, previous
studies have operationalized an allostatic load score
using a sum of selected indicators and have found that
a higher score is associated with increased mortality12,13
and older age.14,15 In addition, evidence suggests that
non-Hispanic black people not only exhibit a higher
allostatic load than non-Hispanic white people, but also
mean allostatic load for non-Hispanic black people in
each age group is similar to non-Hispanic white people
who were 10 years older.15 Consistent with the weathering hypothesis,4 which posits that the health of nonHispanic black people prematurely deteriorates due
to racial inequalities, it is possible that the association
between allostatic load and all-cause mortality differs
with race/ethnicity and age. Specifically, this association may be stronger for younger non-Hispanic black
individuals and possibly Mexican American people than
for their non-Hispanic white counterparts.
The release of the Third National Health and
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Nutrition Examination Survey (NHANES III) linked
to the National Death Index data in 2007 affords the
unique opportunity to investigate whether (1) there is
an association between a cumulative index of biological system deregulation score and all-cause mortality
after controlling for selected characteristics including
education and income, (2) this association differs
by race/ethnicity, and (3) this association differs by
race/ethnicity and age simultaneously. Specifically,
we hypothesized that mortality risk associated with the
cumulative index would be stronger for non-Hispanic
black people followed by Mexican American people,
relative to the white majority population, and that the
racial/ethnic-specific associations would be stronger
at younger ages for non-Hispanic black people and
Mexican American people than for non-Hispanic
white people.
METHODS
NHANES III assessed the health status of a nationally
representative sample of the civilian noninstitutionalized U.S. population, selected through a stratified multistage probability sampling design. Full descriptions of
the sample design in NHANES III have been reported
elsewhere.16 For this analysis, we used NHANES III publicly available datasets (household, adult, examination,
and laboratory files) linked to death certificate data
from the 2007 National Death Index public release.17 To
link these two datasets, the National Center for Health
Statistics used a probabilistic matching algorithm based
on the following items of identification: social security
number, first name, middle initial, last name or surname, date of birth, gender, state of birth, race, state
of residence, and marital status. Complete information
on the linked dataset can be found at the Centers for
Disease Control and Prevention’s website.18
The linkage of these datasets resulted in a sample
size of 33,994. The following records were excluded
from this sample because they were younger than
17 years of age and, thus, ineligible for mortality
follow-up (n513,970); were younger than 25 years
of age at the time of the interview (n53,165); had a
sampling weight of zero (n51,652); were participants
responding “other” race (n5587); did not report an
education level (n5100); had a follow-up of less than
one month (n53); did not have an underlying cause
of death (COD) (n52); and had records missing for
at least five of the individual components of the allostatic score (n5800). These exclusions yielded a final
sample of 13,715, including 2,491 deaths and more
than approximately 114,755.2 person-years (median 5
8.7 years, range: 0.1 to 12.2 years).
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All-cause mortality, the outcome, was specified using
the underlying COD according to the International
Classification of Diseases, Ninth and Tenth Revisions.
We calculated time to death from interview date
through December 31, 2000, as months of follow-up
using the NHANES III interview month and year to
the month and year of death for participants who died;
and from NHANES III interview month and year to
December 31, 2000, for participants assumed to be
alive.19 The follow-up time was transformed to years
by dividing months by 12.
Our main independent variable was a cumulative
biological risk profile of system deregulation or allostatic load.20,21 Consistent with previous studies,22,23 the
cumulative biological risk profile included nine health
conditions using the following cut points to represent
risk for each condition: albumin 3.8 milligrams/
deciliter (mg/dl), C-reactive protein 0.3 mg/dl, total
cholesterol 240 mg/dl, high-density lipoprotein 40
mg/dl, hemoglobin A1C 6.4%, male waist-to-hip ratio
0.90/female waist-to-hip ratio 0.85, systolic blood
pressure 140 millimeters of mercury (mmHg), diastolic blood pressure 90 mmHg, and pulse rate 90
beats/minute. These biomarkers are associated with the
organs and tissues affected by allostatic load, cardiovascular disease and atherosclerosis (systolic blood pressure, diastolic blood pressure, triglycerides, protein,
homocysteine, and total cholesterol), the metabolic
system (body mass index and glycated hemoglobin),
inflammation (C-reactive protein and albumin), and
the immune system (creatinine clearance).9–11,13,22
Individuals with a factor in the risk range were considered at risk and were assigned a value of 1, while
those below these values were assigned a value of 0.
We defined the allostatic load score by summing the
values corresponding to each risk factor ranging from
0 to 9. Based on tertiles in the total population, we
categorized the allostatic load score as 1, 2, and 3.
This allostatic load score distribution was the same for
each racial/ethnic group. Although each biomarker
may not contribute equally to the allostatic load score,
evidence suggests that an equally weighted algorithm
may provide a conservative estimate of the true effect
of allostatic load on health outcomes.13
We included demographic and socioeconomic variables as covariates. We included age in the analysis as
categorical (25–44, 45–64, or 65 years of age). Gender
was included as collected by NHANES (male/female).
Race/ethnicity was included as collected in the survey
and was limited to non-Hispanic white, non-Hispanic
black, and Mexican American (hereafter, non-Hispanic
black and non-Hispanic white will be referred to as
black and white, respectively). Education level was

recorded as a continuous variable from 0 to 17 years
and categorized as less than a high school diploma/
general equivalency diploma (GED), high school
diploma/GED, and more than a high school diploma/
GED. Total family 12-month income during the past
year was recorded as continuous and further categorized as #$14,999, $15,000–$24,999, and $25,000.
Statistical analysis
Selected characteristics of the population were presented by death status and the total population. To
determine significant associations and differences, we
used Chi-square statistics of independence and t-tests
according to the nature of the variable.
We used Cox proportional hazards regression to estimate hazard ratios (HRs) and 95% confidence intervals
(CIs) relating all-cause mortality risk for NHANES III
participants with an allostatic load score of 2 and 3
to those with an allostatic load score of 1 before and
after controlling for selected characteristics. Specifically, in addition to the crude association (crude HR),
we performed two sets of analyses: (1) HR adjusted for
age, gender, and race/ethnicity (Model 1); and (2) HR
additionally adjusted for education and income (Model
2). To determine whether this association differed by
race/ethnicity, we tested an interaction term between
race/ethnicity and the allostatic load score in the fully
adjusted model. Moreover, to determine whether the
association between allostatic load score and mortality
risk differed by race/ethnicity and age simultaneously,
we tested interaction terms between age and allostatic
load score; between age and race/ethnicity; and among
age, race/ethnicity, and allostatic load score. Lastly,
because evidence suggests that allostatic load may be
associated with socioeconomic position indicators,22,24
we tested interaction terms between education and
allostatic load score and between income and allostatic
load score.
We conducted all data management procedures
using SAS®.25 We conducted statistical analyses using
SUDAAN®26 because of its ability to take into account
the complex sampling design in calculating unbiased
standard error estimates. Sample sizes presented in
Table 1 were unweighted, but all other estimates (e.g.,
proportions, means, standard errors, and HRs with
their 95% CIs) were weighted.
RESULTS
Table 1 presents the distribution of selected characteristics for NHANES III participants according to death
status and for the overall population. Compared with
participants who did not die, those who died were more
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likely to be older, have less than a high school diploma/
GED, be in the lower category of poverty-income ratio,
or report an income of less than $15,000, and less
likely to be Mexican American. With the exception
of diastolic blood pressure, respondents who died
were more likely to be above the cut points for the
biomarkers included in the score (all p 0.01). The
mean allostatic load score was significantly higher for
those who died (2.90) than for those who did not die
(1.83, p0.01). Compared with those with an allostatic
load score of 1 who were younger and less educated,
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those with an allostatic load score 3 were similarly
distributed across age and education categories (data
not shown).
The death rates for NHANES III participants with
an allostatic load score of 2 and 3 were 2.55 (95% CI
2.10, 3.10) and 5.29 (95% CI 4.52, 6.20) times greater
than participants with an allostatic load score of 1
(Table 2), respectively. After controlling for age, gender, race/ethnicity, education, and income, mortality
rates were 40% (HR51.40, 95% CI 1.11, 1.76) and 88%
(HR51.88, 95% CI 1.56, 2.26) higher for participants

Table 1. Distribution of selected sociodemographic and health-related characteristics stratified
by mortality status among adults aged >25 years, NHANES III linked mortality file
No death
(n511,224)
Percent (SE)

Death
(n52,491)
Percent (SE)

Age (in years)
25–44
45–64
65

56.8 (1.30)
29.9 (0.83)
13.2 (0.91)

8.2 (1.01)
24.1 (1.62)
67.7 (1.82)

Gender
Male

47.3 (0.59)

49.6 (1.21)

Characteristics

P-valuea

Total
(n513,715)
Percent (SE)

0.01
51.1 (1.35)
29.3 (0.71)
19.7 (1.13)
0.10

Race/ethnicity
White
Black
Mexican American

83.5 (1.59)
11.3 (1.27)
5.2 (0.88)

84.8 (1.83)
12.2 (1.66)
3.0 (0.60)

Education
High school/GED
High school graduate/GED
High school/GED

21.7 (1.28)
34.6 (0.98)
43.6 (1.85)

45.9 (2.03)
29.6 (1.44)
24.5 (1.92)

Income
#$14,999
$15,000–$24,999
$25,000

16.5 (1.14)
19.3 (0.87)
64.1 (1.67)

45.8 (2.13)
21.5 (1.34)
32.7 (2.12)

Biological indicatorb
Albumin 3.8 mg/dl
C-reactive protein 0.3 mg/dl
Cholesterol 240 mg/dl
High-density lipoprotein 40 mg/dl
Hemoglobin A1C 6.4%
Waist-to-hip ratio
Systolic BP 140 mmHg
Diastolic BP 90 mmHg
Pulse 90 beats/minute
Allostatic load score (mean [SE])

9.5
28.5
20.1
23.7
5.0
66.3
14.1
7.0
9.9
1.83

21.4
43.3
30.7
27.8
17.6
88.0
44.6
8.2
16.5
2.90

47.6 (0.52)
0.01
83.6 (1.59)
11.4 (1.29)
4.9 (0.83)
0.01
24.6 (1.36)
34.0 (0.90)
41.4 (1.83)
0.01

(0.74)
(1.36)
(0.66)
(0.92)
(0.34)
(1.02)
(0.69)
(0.43)
(0.58)
(0.04)

(1.49)
(2.13)
(1.47)
(1.55)
(1.24)
(1.19)
(1.74)
(0.95)
(1.27)
(0.05)

19.9 (1.26)
19.6 (0.80)
60.6 (1.75)
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.22
0.01
0.01

10.9
30.2
21.3
24.1
6.5
68.7
17.4
7.1
10.6
1.95

(0.75)
(1.36)
(0.68)
(0.88)
(0.38)
(0.97)
(0.76)
(0.40)
(0.58)
(0.04)

P-values for Chi-square for proportions and t-tests for mean comparisons

a

Proportions represent those with values equal or above the ones next to each indicator. For waist-to-hip ratio, the values were 0.90 for male
and 0.85 for female.

b

NHANES 5 National Health and Nutrition Examination Survey
SE 5 standard error
GED 5 general equivalency diploma
mg/dl 5 milligrams per deciliter
BP 5 blood pressure
mmHg 5 millimeters of mercury
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Table 2. Crude and adjusted hazard ratiosa of all-cause mortality risk
for allostatic load score, NHANES III linked mortality file
Allostatic load score

Crude HR (95% CI)

Model 1 HR (95% CI)

Model 2 HR (95% CI)

1.00
2.55 (2.10, 3.10)
5.29 (4.52, 6.20)

1.00
1.35 (1.09, 1.67)
1.99 (1.70, 2.33)

1.00
1.40 (1.11, 1.76)
1.88 (1.56, 2.26)

1
2
3

Crude HR for allostatic load score, Model 1 (age, gender, and race/ethnicity), and Model 2 (age, gender, race/ethnicity, education, and income)

a

NHANES 5 National Health and Nutrition Examination Survey
HR 5 hazard ratio
CI 5 confidence interval

with an allostatic load score of 2 and 3, respectively,
compared with those with a score of 1.
There was no interaction between race/ethnicity
and allostatic load score (p50.28). However, there
were interactions between age groups and allostatic
load score (p50.01) and age groups and race/ethnicity (p50.001). The latter resulted in examination of a
three-way interaction among age groups, race/ethnicity, and allostatic load score (p50.01). Table 3 shows
the adjusted HRs and 95% CIs for the association
between allostatic load score and all-cause mortality for
each racial/ethnic group stratified by age. For white
people aged 25–44 years with an allostatic load score
of 3, the death rate increased by 205% (HR53.05,
95% CI 1.38, 6.71) relative to their counterparts with
an allostatic load score of 1. Although lower than the
rate of white people, black people with an allostatic

load score of 3 had a 147% (HR52.47, 95% CI 1.33,
4.58) increased rate of death compared with black
people with a score of 1.
Among white and black people aged 45–64 years, we
only observed an increased rate of death for those with
an allostatic load score of 3 (HR52.83, 95% CI 1.85,
4.32 and HR52.24, 95% CI 1.38, 3.63, respectively).
However, Mexican American people with an allostatic
load score of 2 or 3 showed a threefold increase in
death rates. Finally, for those aged 65 years, only white
people with an allostatic load score of 3 exhibited a
48% (HR51.48, 95% CI 1.17, 1.86) increase in death
rate compared with their peers with a score of 1.
We observed no interaction between education and
allostatic load score tertile nor between income and
allostatic load score tertile.

Table 3. Adjusted hazard ratiosa of all-cause mortality risk for allostatic load score
for racial/ethnic groups according to age, NHANES III linked mortality file
Age (in years) and
allostatic load scores

Non-Hispanic white
HR (95% CI)

Non-Hispanic black
HR (95% CI)

Mexican American
HR (95% CI)

Ages 25–44
Allostatic load score
   1
   2
   3

1.00
1.93 (0.90, 4.13)
3.05 (1.38, 6.71)

1.00
1.29 (0.68, 2.45)
2.47 (1.33, 4.58)

1.00
1.15 (0.60, 2.20)
1.16 (0.65, 2.05)

Ages 45–64
Allostatic load score
   1
   2
   3

1.00
1.44 (0.89, 2.35)
2.83 (1.85, 4.32)

1.00
1.11 (0.61, 1.38)
2.24 (1.38, 3.63)

1.00
3.34 (1.06, 10.57)
3.77 (1.33, 10.70)

Ages 65
Allostatic load score
   1
   2
   3

1.00
1.23 (0.92, 1.64)
1.48 (1.17, 1.86)

1.00
1.07 (0.67, 1.69)
1.25 (0.80, 1.96)

1.00
1.02 (0.57, 1.83)
1.52 (0.84, 2.74)

Adjusted for gender, education, and income

a

NHANES 5 National Health and Nutrition Examination Survey
HR 5 hazard ratio
CI 5 confidence interval
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Discussion
Our results suggest that allostatic load score increases
the death rate among U.S. adults aged 25 years and
older regardless of race/ethnicity, income, and education. Moreover, the death rate for each racial/ethnic
group differed with age. For white and black people
aged 25–44 years with an allostatic load score of 3,
there was an increased risk of dying. For individuals
45–64 years of age, the death rate was at least 2.2
times higher for those with an allostatic load score of
3 relative to those with a score of 1 regardless of
their race/ethnicity. It is worth noting that Mexican
American people aged 45–64 years with an allostatic
load score of 2 exhibited at least a threefold increase
of dying relative to their peers with a score of 1.
Finally, there was an increased death rate for white
people aged 65 years only.
Previous studies have shown that allostatic load score
has been associated with all-cause mortality.12,13 These
studies found that among adults aged 70–79 years, an
allostatic load score of 5 was associated with at least a
twofold increase in mortality after controlling for age,
gender, ethnicity, and education.12 Using the same data
with 4.5 years of follow-up, Karlamangla and colleagues
found that baseline allostatic load score and changes
in baseline score at 2.5 years were associated with 4.6
and 3.3 greater odds of dying, respectively, after adjusting for age, gender, ethnicity, prevalent cardiovascular
disease, and cancer, as well as other chronic diseases.13
Consistent with these studies, our results show that
allostatic load score was associated with an increased
rate of dying ranging from 40%–88% for those with an
allostatic load score of 2 and 3, respectively, among
U.S. adults 25 years of age after controlling for age,
gender, race/ethnicity, education, and income after
8.7 years of follow-up.
We propose two main reasons why our associations
were weaker than those of previous studies.12,13 First,
these studies included an older population (70–79 years
of age) than our study, where the conditions included
in the score are more common. Second, previous studies used odds ratios as the measures of association while
our study used HRs. It is possible that the use of odds
ratios has overestimated the true association between
allostatic load score and all-cause mortality risk.
Although we found weaker associations than previous studies, our findings of an increased death rate
in a younger population suggest that allostatic load is
an important contributor to mortality in this population and at least 28.6% and 46.8% of deaths with an
allostatic load score of 2 and 3, respectively, could be
attributed to allostatic load (attributable rate percent 5
[(HR-1)/HR] *100).
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Evidence suggests that non-Hispanic black people
65 years of age exhibited higher death rates than
non-Hispanic white people.2,3,27–32 Consistent with this
finding, although Hispanic people exhibited similar or
lower death rates than non-Hispanic white people,31,33–35
higher death rates have been reported for younger Hispanic people.30,34,35 These findings have been observed
regardless of gender. Although we did not find evidence
of racial/ethnic variation on the association between
allostatic load score and all-cause mortality, our study
found that the effect of allostatic load score on all-cause
mortality depends jointly on race/ethnicity and age.
Specifically, non-Hispanic black and white people 65
years of age with an allostatic load score of 3 exhibited
higher rates of dying than their counterparts with an
allostatic load score of 1. Higher rates of death were
observed for Mexican American people aged 45–64
years with an allostatic load score of 2, while for those
aged 65 years, only non-Hispanic white people with
an allostatic load score of 3 exhibited higher death
rates. Although these findings suggest that allostatic
load score increases the risk of dying regardless of
racial/ethnic groups, there are age variations within
racial/ethnic groups resulting in an increased rate of
premature death for all racial/ethnic groups.
Strengths and limitations
One of the strengths of this study was the use of a
nationally representative sample of the two major
racial/ethnic groups, non-Hispanic black and white
people, and the largest Hispanic subgroup, Mexican
American people. Other strengths included the large
sample size, which allowed us to control for selected
covariates and examine effect measure modification;
and the inclusion of biomarkers, which are critical for
calculating the allostatic load score.
Important limitations included the use of the
public-use version of the NHANES III-linked mortality
files. The NHANES III-linked mortality public-use files
include limited mortality information compared with
the restricted-use files and have small perturbations
for a small, selected number of records. However, a
comparative analysis of the NHANES III public- and
restricted-use linked mortality files conducted by the
National Center for Health Statistics suggests that the
results obtained from these two datasets were very similar for all-cause and selected cause-specific mortality.19
Thus, it is very unlikely that the public-use files of the
NHANES III-linked mortality files affected our study
results. Finally, individuals who agreed to participate in
NHANES III may be different from those who chose not
to participate. However, this refusal may have under- or
overestimated our results toward the null depending

Public Health Reports / November–December 2010 / Volume 125

816  Research Articles

on whether the decision to participate was based on
race/ethnicity.

14.

CONCLUSIONS

15.

Our findings suggest that allostatic load increases the
risk of all-cause mortality. Our study demonstrates that
younger black, Mexican American, and white people
exhibited higher mortality rates with increasing allostatic load scores. However, while it is possible that
individuals 65 years of age may be more vulnerable
to the effect of the conditions included in the allostatic
load than their 65 years of age counterparts regardless of their race/ethnicity, the lack of an association
for black and Mexican American people aged 65
years may represent a survival effect. These findings
suggest that allostatic load may be a stronger contributor to premature death in the U.S. regardless of race/
ethnicity. Further studies examining the effect of the
allostatic load score on specific CODs should be conducted to determine whether there are racial/ethnic
and age differences that may contribute to the higher
mortality rates observed in black people.
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