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Abstract
Background Little research has examined how chronic
stress in different domains relates to allostatic load (AL).
Purpose We examined the relationship between multiple
chronic stressors with AL, and evaluated lifestyle factors as
possible mediating factors.
Methods Three hundred one middle-aged Mexican-
American women underwent a physical exam and completed
measures of lifestyle factors and chronic stress in eight
domains. A composite of 12 neuroendocrine, metabolic,
cardiovascular, and inflammatory markers represented AL.
Results Chronic work, financial, and caregiving domains
related to higher AL scores after adjusting for covariates
and other stressors. Lifestyle factors made little contribution
to the association between stressors and AL.
Conclusions Chronic work, financial, and caregiving stres-
sors are associated with physiological dysregulation in
Mexican-American women. This study is among the first to
examine multiple domains of chronic stress in relation to
AL, in a population that has been understudied in research
concerning stress and health.

Keywords Allostatic load . Health behaviors . Hispanic .

Latino . Stress

Introduction

Allostatic load (AL) is a potentially useful conceptual
framework through which to capture physiological dysre-
gulation related to chronic stress [1]. However, relatively
few studies have directly assessed the association between
subjective experiences of chronic stress in different
domains and AL. The current study examined (1) the
relationship between chronic stress in health, work, rela-
tionship, caregiving, and financial domains with AL scores
in a community sample of Mexican-American women and
(2) evaluated the contribution of lifestyle factors to the
association between chronic stress and AL.

Allostatic Load and its Measurement

AL is an increasingly prominent model in research
concerning the physiological and health consequences of
chronic stress [2, 3]. The framework asserts that the
cumulative burden of stress manifests as physiological
dysregulation across multiple, interrelated systems involved
in restoring allostasis and maintaining healthy functioning
in the presence of internal or environmental demands. This
“load” is typically indicated by elevated (or reduced) levels
across neuroendocrine markers of the sympathetic–adrenal–
medullary (SAM; i.e., epinephrine and norepinephrine) and
hypothalamic–pituitary–adrenal (HPA) systems (i.e., corti-
sol) and indicators of cardiovascular and metabolic func-
tioning. SAM and HPA functioning are considered the
primary mediators of AL, whereas the latter are viewed as
secondary indicators of the primary neuroendocrine path-
ways. Recent conceptualizations of AL have also incorpo-
rated markers of inflammation as primary mediators [4–7].
AL scores have been shown to predict cardiovascular
disease (CVD), all-cause mortality, cognitive dysfunction,
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and disability [8–11]. Moreover, there is evidence that AL
has a stronger relationship with physical health than its
individual components [8, 10] or the metabolic syndrome,
which overlaps with secondary manifestations of AL [8].
Although additional research is needed to determine
optimal measurement, and to test certain aspects of the
model, AL appears to have conceptual utility in capturing
the physical toll of chronic stress.

Chronic Stress and Allostatic Load

The AL model postulates that cumulative exposure to stress
across the lifespan is a catalyst in physiological dysregula-
tion. Accordingly, stressors that are enduring or frequent
should demonstrate marked relationships with AL and with
health [12]. Consistent with this view, chronic stress in life
domains including work [13], marriage [14, 15], and
caregiving [16, 17] predicts health outcomes such as CVD
and all-cause mortality. Studies have related these chronic
stressors to regulatory function in single physiological
systems, but research examining chronic stress and multi-
systemic functioning is critically lacking. Indeed, many
studies of AL have inferred stress based on social
conditions such as low socioeconomic status [5, 18, 19]
or low social support [20, 21].

Additional research has shown that individuals reporting
greater work stress (e.g., job demands, effort–reward
imbalance; 22, 23) evidence higher AL scores. Perceived
stress among dementia caregivers has also been related to
primary mediators, but not other facets, of AL [24].
Caregivers also evidenced increases in primary mediators
from baseline to 1-year follow-up in this study, suggesting
an escalation in physiological burden over time. Finally,
several reports concerning stress and AL derive from the
Social Environment and Biomarkers of Aging Study
(SEBAS), which examines a nationally representative
sample of older Taiwanese residents. In this cohort,
individuals who reported more stressful life events in the
preceding 4 years evidenced higher AL scores than those
with fewer events [25]. Perceived stress also related to
higher AL, with a stronger association in women than in
men [26]. Duration of life stress, and several presumed
indicators of stress (e.g., low education, widowhood) were
unrelated to the primary mediators of AL in the SEBAS
cohort. However, women (but not men) reporting more
current familial stressors showed higher scores on the
primary AL mediators [27].

Notably, the degree of dysregulation associated with
chronic stress could depend markedly on subjective
distress. For example, studies of caregivers suggest that
only those who feel “strained” experience deleterious health
outcomes [16]. Stress appraisals and reactions stem from
many factors including individual differences, such as

personality and coping resources, and the social context in
which stress occurs [28]. Thus, seemingly stressful social
circumstances, such as low socioeconomic status, or social
isolation, might not translate into the same physical,
emotional, and behavioral consequences for all individuals.
Research that incorporates personal perceptions of stress
may provide a more complete picture of how stress relates
to AL and health [29].

Allostatic Load in the Latino Population

To date, only limited research has examined AL specifically
within Latinos. However, studies of Latinos suggest that
discrimination [30, 31] and caregiving stress [32] relate to
responses in individual physiological systems. In addition,
several recent studies have examined predictors of AL in
the National Health and Nutrition Examination Survey
(NHANES) III, a US population-based study including a
large, multi-ethnic, representative sample. Analyses have
shown that (1) socioeconomic status (SES) predicted AL in
Latinos and other ethnic groups [33], (2) neighborhood SES
related inversely to AL in Mexican-American and Black
but not White participants [19], and (3) poverty related to
higher aggregate biological risk among all participants after
controlling for race/ethnicity [34]. Additional research in an
earlier NHANES cohort revealed that Latinos had higher
levels of biological risk than Whites, but lower levels than
Blacks [35]. Other studies suggest that US-born Mexican-
Americans display greater biological risk than Mexican
immigrants [7, 35], and that longer duration of US
residence predicts higher AL scores in immigrants [7]. To
our knowledge, no prior research has examined the
association between chronic stress and AL in Latinos.

The Current Study

The current study expanded on the extant literature in several
ways. First, we examined chronic stress in several domains,
including personal health problems, health and substance
problems in loved ones, work, close relationships, housing,
finances, and caregiving, in relation to AL. Second, we
considered the implications of stress appraisals, by asking
participants not only whether they experienced a chronic
stressor, but also how stressful they found the situation to be.
Third, we examined these relationships in a well-defined
social–cultural group—i.e., middle-aged Mexican-American
women with diverse SES, living in a border region of the
US—that has been underrepresented in research concerning
stress, physiological responses, and health.

We hypothesized that womenwho were exposed to chronic
stress in a given domain would demonstrate elevated levels of
AL, particularly if they perceived the exposure to be more
subjectively distressing. Prior studies of women provide
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evidence for effects of caregiver [32, 36], relationship
(particularly marital) [37–39], work [22, 40], and financial
stress [41] in association with physiological dysregulation,
and it might be predicted that these stressors would be
associated with AL in the current study. However, because it
is unclear what the relative predictive utility of these
domains might be when examined simultaneously, and other
stressors examined in the current study have not been well
researched, we did not form hypotheses about the relative
impact of the different stressor domains.

Finally, the current study examined lifestyle factors as a
possible intervening mechanism connecting chronic stress
with AL. Health-damaging behaviors have been associated
with stress and affect physiological functioning. However,
to date, few studies have explored health behaviors in
analyses of AL [7, 34, 42, 43], and most have included
them as covariates, rather than explicitly examining their
contributions to stress–AL associations. We predicted that
women experiencing chronic stress would report more
health-damaging behaviors, which would relate directly to
AL and contribute to (but not fully explain) the association
between chronic stress and AL.

Methods

Participants and Recruitment

The current analyses are based in a study of CVD risk in
healthy, middle-aged Mexican-American women living near
the (San Diego) California–Mexico border. Participants were
randomly recruited via targeted telephone and mail proce-
dures. Women were invited to participate if they were aged
40–65 years, Mexican-American, literate in English or
Spanish, and free of major health conditions and medications
with autonomic effects. Six hundred and fifty-six women
were screened, 365 (55.6%) were eligible, and 323 (88%)
participated in some or all portions of the study. The current
study includes 301 women who completed the psychosocial
and physical exams and had all AL datapoints.

Procedures

Participants were scheduled for two consecutive weekday
home visits. During the first visit, a bilingual research
assistant obtained informed consent and administered a
battery of measures (in Spanish or English) assessing
sociodemographic characteristics, behavioral risk factors,
health history, and psychosocial variables. Participants were
also given materials and instructions for a 12-h, overnight
urine collection and fasting. The second visit included a
fasting blood draw and physical measurements (blood
pressure, height, weight, waist circumference). Participants

were instructed to refrain from taking anti-inflammatory
medications for at least 48 h, to avoid strenuous exercise
and alcohol consumption for at least 24 h, and to avoid
consuming caffeine and tobacco for at least 30 min prior to
the physical exam. All research staff was thoroughly trained
in study procedures, and regular quality control checks
were conducted. The San Diego State University and
University of California, San Diego institutional review
boards approved all study procedures.

Allostatic Load: Parameter Assessment
and Operationalization

There is controversy about measurement of AL, including
which parameters should be included, how they should be
combined, whether they should be represented as continuous
or categorical variables, and whether cutoffs should be
sample-based or established by clinical criteria (e.g., 44, 45).
However, studies comparing distinct measurement
approaches have found only modest differences in their
predictive utility [4, 8, 29, 46], and a recent analysis
supported the existence of an overarching AL factor
comprising physiological dysregulation across six sub-
parameters and 18 specific neuroendocrine, metabolic,
cardiovascular, and inflammatory indicators [6]. The current
study included all parameters used in the MacArthur Study
of Successful Aging [10, 11], with the exception of
dehydroepiandrosterone sulfate, which is less clearly related
to health outcomes in women than in men [47, 48]. Thus, we
examined neuroendocrine markers of SAM and HPA activity
[12-h, overnight urinary norepinephrine, epinephrine, and
cortisol excretion], metabolic system functioning [serum
high-density lipoprotein cholesterol (HDL-c); the ratio of
HDL-c to total serum cholesterol; glycosolated hemoglobin
(HbA1c); waist circumference], and cardiovascular system
functioning [systolic and diastolic blood pressure (SBP and
DBP)]. In addition, consistent with other recent conceptuali-
zations [6, 23, 49, 50], we included markers of inflammation
[i.e., high sensitivity C-reactive protein (hsCRP); interleukin-
6 (IL-6) and tumor necrosis factor alpha (TNF-α)], given
considerable research suggesting that inflammation is an
important component of many disease processes [51–53]
and physiological adjustment to stress [54]. We adopted the
MacArthur Studies of Successful Aging algorithm [10, 11],
such that each of the 12 biological parameters was divided
into quartiles based on the distribution of scores in the
sample, and AL was measured by summing the number of
parameters for which the subject fell into the highest risk
quartile. The one exception was cortisol, for which individuals
with scores in either the upper or lower 12.5% of the
distribution were counted as high risk. This approach is
consistent with research suggesting that both hypo- and
hyper-cortisolism represent states of physiological dysregula-
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tion related to psychological stress and health problems [55,
56], and has been used in other AL studies [22, 57]. AL
scores ranged from 0 to 12, with higher scores indicating
greater dysregulation. Table 1 shows the cut-points used for
each AL component.

SBP and DBP were calculated as the average of the
second and third of three readings taken while the
participant was in a seated position, with arm elevated to
heart level, following 30 min of rest, using an automatic
sphygmomanometer shown to be valid and reliable (i.e.,
Omron HEM 705-CP, Omron Corporation, Kyoto Japan).
Waist circumference was calculated as the average of the
second and third measurements, assessed by tape measure
in centimeters at the narrowest point between the ribs and
iliac crest. Urine samples were collected by the participant
and refrigerated. Blood for the inflammatory biomarkers
and lipids was obtained from a venous draw using either
ethylenediaminetetraacetic acid as a preservative or serum.
Samples were immediately put on ice and centrifuged and
the plasma stored at −70°C until assay.

Inflammatory biomarker and neuroendocrine assays
were performed at the University of California San Diego
(UCSD) General Clinical Research Center Core Laboratory
and the UCSD Clinical Biomarker Laboratory. Circulating
levels of CRP, IL-6 and TNF-α were determined in non-
freeze thawed samples by commercial enzyme-linked
immunosorbent assay (MSD, Gaithersburg, Maryland).
The intra-assay and inter-assay coefficients of variation
are less than 5% and 8%, respectively [58]. Urinary cortisol
levels were determined by a commercial radioimmunoassay
(Diagnostic Products Corporation, Los Angeles, CA), with
intra- and inter-assay CVs of <4% and <7%, respectively.
Urinary epinephrine and norepinephrine were measured
using a catechol-O-methyltransferase-based radioenzymatic
assay that concentrates catecholamines with 81% efficiency
and has inter- and intra-assay CVs <10% [59]. Results for
norepinephrine, epinephrine, and cortisol were reported in

micrograms per gram of creatinine to adjust for body size.
Blood specimens used to derive lipids and HbA1c were
processed by Quest Diagnostics Laboratories. Serum total
cholesterol and HDL-c were measured using enzymatic
procedures, following standards set by the Lipid Standardi-
zation Program of the Centers for Disease Control and
Prevention [60]. HbA1c was assayed using a Biorad Diomat
high-pressure liquid chromatography analyzer.

Chronic Stress Domains

Participants completed a measure asking if they had
experienced eight chronic stressors for at least 12 months
duration [61]. The response format was on a four-point
scale with 0 indicating that the stressor did not occur, 1
indicating occurrence of the stressor but with little or no
subjective stress (“not upsetting”), and 2 and 3 indicating
occurrence of the stressor with moderate or severe
subjective stress (“somewhat upsetting” and “very upset-
ting”), respectively. The domains queried were: personal
health stress, health problems in a family member; drug or
alcohol problems in a family member; financial strain; work
stress; housing problems; relationship stress; and caregiving
stress (i.e., helping a sick, disabled, or frail family member
or friend on a regular basis). The measure was translated
into Spanish for the current study (forward and back
translation with reconciliation by committee).

Lifestyle Factors

Participants reported whether or not they currently smoked
and frequency and quantity of alcohol intake (used to
estimate alcoholic beverages consumed per month). Dietary
behaviors were assessed with two brief screeners that have
been shown to be highly correlated with the full length
Block Food Frequency Questionnaire in a validation study
with a large, multi-ethnic sample [62]. For the current

Biological parameters Highest risk

Systolic blood pressure (mmHg) ≥124.50
Diastolic blood pressure (mmHg) ≥78.00
Waist circumference (cm) ≥94.50
Total cholesterol/high-density lipoprotein (HDL) cholesterol ≥4.40
HDL cholesterol (mg/dl)a ≤45.00
Hemoglobin A1c (%) ≥5.80
Cortisol μg/g creatinineb 0.00, ≥43.54
Norepinephrine μg/g creatinine ≥7.75
Epinephrine μg/g creatinine ≥3.66
C-reactive Protein (ng/mL) ≥4.42
Interleukin-6 (pg/mL) ≥0.94
Tumor Necrosis Factor-α (pg/mL) ≥3.81

Table 1 Sample cutoffs for each
parameter of allostatic load

a High risk for HDL cholesterol
corresponds to those individuals
who fall in lowest quartile of the
sample distribution
b High risk for cortisol μg/g
creatinine corresponds to
those individuals who fall in
highest and lowest 12.5% of the
sample distribution. Low readings
were at undetectable levels
according to the assay applied
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study, we examined total fat (grams) and fiber (grams).
Spanish translations of these scales were developed for a
prior study of Mexican-Americans with minor modifica-
tions to include examples of foods specific to the
population [e.g., tortillas, lard; 63]. Exercise levels were
assessed with the Leisure Time Exercise Questionnaire
[64], which asks respondents to state the number of times
during a typical week they participated in strenuous or
moderate exercise for at least 15 min and provides an
estimate of total Metabolic Equivalent of Task Units (i.e.,
METs) per week. METs provide an estimate of the intensity
and energy expenditure of physical activity that is compa-
rable across people of differing body sizes. The measure
was translated for the current study as described above.
Prior research concerning the English version has demon-
strated high 2-month test–retest reliability for vigorous
exercise (r=0.84), acceptable test–retest reliability for
moderate exercise (r=0.36), and adequate criterion-related
validity with accelerometer assessments [r=0.36; 64, 65].

Covariates

Analyses controlled for several factors that could be related to
chronic stress, AL, or both, including age, menopausal status,
(with those reporting no menstruation for at least 12 months
considered post-menopausal), SES (education/income com-
posite, defined below), employment status (employed for
wages, or not), marital status (married or living with a partner,
or not), and insurance status (any coverage or none). In
addition, we controlled for language of survey, a commonly
used proxy for acculturation [66], which also accounted for
the influence of Spanish versus English versions of the
measures. For SES, participants indicated the highest level of
education they achieved, from no education to a doctoral or
professional degree, recoded into six categories for analysis.
Total monthly family income was assessed on an ordinal
scale in $500 increments, ranging from less than $500/month
to more than $8,000 per month. An education/income
composite was created by standardizing and summing the
variables. For four participants with missing income data,
education only was used to represent SES.

Statistical Analyses

Descriptive statistics were calculated and all variables were
examined for normality. Exercise and alcohol were ex-
tremely positively skewed, with a large proportion of
women reporting no leisure time physical activity (25.7%)
or no alcohol consumption (45.5%). Based on the sample
distributions, exercise was categorized into quintile groups,
and alcohol was coded into 4 groups, representing those
who reported 0–1 drinks, 2–5 drinks, 6–19 drinks, and 20
or more drinks per month.

The primary hypotheses of interest were tested in
multiple linear regression analyses. Preliminary diagnostic
analyses confirmed that assumptions of ordinary least
squares regression were met (results not reported). Two
regression models were conducted. In the first model,
covariates (age, menopausal status, SES, employment
status, marital status, health insurance status, and language
of assessment) were entered at step 1, followed by the
chronic stress variables at step 2. All chronic stress domains
were examined in a single analysis, to determine the
association between a given stressor with AL after
accounting for the influence of all other stressors. A second
model examined if lifestyle factors contributed to the
association between chronic stress and AL, with covariates
entered at step 1, behavioral factors at step 2, and chronic
stressors at step 3. Missing data were excluded on a
pairwise basis to maximize power. Given the exploratory
nature of the research, and relatively small sample size, we
also noted cases where relationships approached significance
(i.e., 0.05<p<0.10).

Results

As shown in Table 2, the mean age of the sample was
approximately 49.8 years (SD=6.61). The majority com-
pleted the questionnaires in Spanish (59.5%), and SES was
widely varied. Mean AL score was 3.04 (SD=2.06).
Frequency and severity of chronic stressors varied, with
only 10.29% reporting moderate to severe personal health

Table 2 Sample descriptive statistics (N=301)

Variables Mean (SD) or n (%)

Age (years), M (SD) 49.80 (6.61)

Post-menopausal, n (%) 144 (47.8%)

Married or living with partner, n (%) 218 (72.4%)

Completed interview in Spanish, n (%) 179 (59.5%)

Educational attainment, n (%)

≤8th grade 52 (17.3%)

Some high school 53 (17.6%)

GED or high school diploma 35 (11.6%)

Some college 94 (31.2%)

4 year college degree 48 (16.0%)

Graduate education 19 (6.3%)

Monthly income, n (%)

≤$2499 94 (32.0%)

$2500–$4999 115 (39.0%)

≥$5000 87 (29.4%)

Employed for wages, n (%) 155 (51.7%)

Uninsured, n (%) 79 (26.2%)

Allostatic load, M (SD) 3.04 (2.06)
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stress and 34.21% reporting moderate to severe financial
strain.

As shown in Table 3, Pearson Product Moment and
Point-Biserial correlation coefficients showed that women
reporting lower alcohol consumption (p<0.01) and exercise
(p<0.05) evidenced higher AL scores, whereas smoking
and dietary factors did not relate to AL. Women with work
stress consumed more alcohol (p<0.05), and tended to
consume more fat (p<0.10). Women reporting relationship
stress showed a trend toward higher alcohol consumption
(p<0.10), and significantly higher fat intake (p<0.01)

Regressing Allostatic Load on Chronic Stress Domains

Table 4 shows the results of analyses regressing AL scores
simultaneously on all chronic stress domains. In model 1,
the chronic stressors in aggregate accounted for approxi-
mately 7% of the variance in AL scores, after accounting
for covariates. Work stress (p<0.05), financial strain (p<
0.01), and caregiving stress (p<0.01) were independently
associated with higher AL scores. Mean predicted AL
scores (controlling for covariates) across responses for these
domains are shown in Fig. 1. Women without chronic
financial or caregiving stress had mean predicted AL scores
that were 1.01 and 0.88 points lower, respectively, than did
women with severe stress in those domains. Women with
chronic work stress but no subjective distress had mean
predicted AL scores 1.15 points lower than those with
severe chronic work stress.

In model 2, lifestyle factors accounted for a significant
amount of the variance in AL scores, p<0.05, after
controlling for covariates (Table 4). Higher alcohol con-
sumption related to lower AL scores (p<0.05). The
aggregate influence of chronic stress domains remained
statistically significant, and work stress, financial strain,
and caregiving stress were again observed to be indepen-
dent predictors of AL scores (p<0.05). Interestingly, there
was a marginally significant trend for higher relationship

Table 2 (continued)

Variables Mean (SD) or n (%)

Personal health stress, n (%)

No stressor 256 (85.0%)

Yes, not upsetting 14 (4.7%)

Yes, somewhat upsetting 22 (7.3%)

Yes, very upsetting 9 (3.0%)

Health problem in family member, n (%)

No stressor 185 (61.5%)

Yes, not upsetting 22 (7.3%)

Yes, somewhat upsetting 61 (20.3%)

Yes, very upsetting 33 (11.0%)

Drug/alcohol problem in family member, n (%)

No stressor 230 (76.7%)

Yes, not upsetting 8 (2.7%)

Yes, somewhat upsetting 30 (10.0%)

Yes, very upsetting 32 (10.7%)

Work stress, n (%)

No stressor 235 (78.1%)

Yes, not upsetting 16 (5.3%)

Yes, somewhat upsetting 40 (13.3%)

Yes, very upsetting 10 (3.3%)

Financial strain, n (%)

No stressor 163 (54.2%)

Yes, not upsetting 35 (11.6%)

Yes, somewhat upsetting 73 (24.3%)

Yes, very upsetting 30 (10.0%)

Housing problems, n (%)

No stressor 255 (84.7%)

Yes, not upsetting 7 (2.3%)

Yes, somewhat upsetting 26 (8.6%)

Yes, very upsetting 13 (4.3%)

Caregiving stress, n (%)

No stressor 174 (58.0%)

Yes, not upsetting 63 (21.0%)

Yes, somewhat upsetting 47 (15.7%)

Yes, very upsetting 16 (5.3%)

Relationship stress, n (%)

No stressor 213 (70.8%)

Yes, not upsetting 20 (6.6%)

Yes, somewhat upsetting 40 (13.3%)

Yes, very upsetting 28 (9.3%)

Total fiber (grams per day), M (SD) 25.38 (5.46)

Total fat (grams per day), M (SD) 129.87 (21.90)

Exercise (METs per week), n (%)

0 76 (25.7%)

1–9 43 (14.5%)

9.1–19.9 63 (21.3%)

20–34.9 55 (18.6%)

≥35 59 (19.9%)

Table 2 (continued)

Variables Mean (SD) or n (%)

Alcohol consumption (drinks per month), n (%)

0–1 193 (65.4%)

2–5 77 (26.1%)

6–19 15 (5.1%)

≥20 10 (3.4%)

Current smoker, n (%) 27 (9.0%)

Income is shown in three categories that correspond approximately to low,
medium, and high socioeconomic status for the targeted sampling frame

The full continuum of responses was used in analyses
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Table 4 Results of multiple linear regression analyses regressing allostatic load on chronic stress domains, without (model 1) and with (model 2)
control for lifestyle factors

B SE B β ΔR2 ΔF

Model 1: Association between allostatic load and chronic stress domains, after adjusting for covariates (n=298)

Covariates 12.1% F7,290=5.72***

Chronic stress domains 7.1% F8,282=3.09***

Personal health problems 0.079 0.167 0.027

Health problems—family member −0.075 0.119 −0.040
Drug/alcohol problems—family −0.050 0.117 −0.026
Work stress 0.290 0.140 0.120**

Financial strain 0.336 0.119 0.178***

Housing problems −0.031 0.155 −0.012
Relationship stress −0.218 0.137 −0.109
Caregiving stress 0.315 0.127 0.142***

Model 2: Model 1 plus lifestyle factors (n=287)

Covariates 12.0% F7,279=5.42***

Lifestyle Factors 3.5% F5,274=2.26**

Current smoker 0.009 0.115 0.004

Alcohol consumption −0.272 0.122 −0.130**
Fiber 0.006 0.124 0.003

Fat 0.192 0.122 0.093

Exercise −0.118 0.125 −0.057
Chronic stress domains 6.4% F8,266=2.72***

Personal health problems 0.087 0.170 0.030

Health problems—family member −0.094 0.121 −0.051
Drug/alcohol problems -family −0.047 0.119 −0.024
Work stress 0.320 0.146 0.130**

Financial strain 0.284 0.121 0.151**

Housing problems −0.006 0.158 −0.002
Relationship stress −0.235 0.140 −0.118*
Caregiving stress 0.279 0.129 0.127**

Covariates are age, menopausal status, SES, employment status, marital status, health insurance status, and language of assessment. R2 and F
change are for model step. All coefficients are from final model step

*p<0.10; **p<0.05; ***p<0.01

Table 3 Bivariate associations between AL and domains of chronic stress with lifestyle factors

Variables Current smoker Alcohol consumption
(drinks/month)

Fiber
(grams/day)

Fat
(grams/day)

Exercise
(METs/week)

Allostatic load −0.017 −0.216*** −0.009 0.033 −0.127**
Personal health problems −0.058 −0.044 0.020 −0.020 0.001

Health problems—family member 0.013 0.004 −0.022 0.009 0.035

Drug/alcohol problems—family member −0.064 0.011 0.008 0.030 0.022

Work stress 0.023 0.139** −0.020 0.097* 0.012

Financial strain −0.014 −0.085 −0.083 0.057 −0.075
Housing problems −0.055 0.003 0.035 −0.013 0.052

Caregiving stress −0.069 −0.045 0.006 0.042 0.059

Relationship stress −0.017 0.108* −0.037 0.148*** 0.032

*p<0.10; **p<0.05; ***p<0.01
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stress to be associated with lower AL scores in this
analysis. In all cases, the reduction in the weight of the
regression coefficients for previously significant chronic
stress effects was negligible, indicating that lifestyle factors
played a minimal role in explaining the association between
chronic stress and AL.

Discussion

The current study examined associations between chronic
stress experienced in different domains and AL scores in
middle-aged Mexican-American women, and evaluated the
contribution of lifestyle factors to these associations.
Although prior studies have shown that AL relates to social
circumstances presumed to foster stress, only limited
research has examined stress perceptions, and no study
has, to our knowledge, assessed the association of multiple
types of chronic stress with AL in a single study.

In support of the AL framework, we found that greater
stress in the domains of work, finances, and caregiving related
to higher AL scores. These findings are consistent with prior
studies that have shown an association between work stress
and AL [22, 23] and between perceived stress and the
primary mediators of AL in dementia caregivers [24]. To our
knowledge, no prior study has examined the specific
relationship of chronic financial stress with AL. Notably,
health problems in self or loved ones and relationship stress
did not relate significantly to AL in the current sample. These
stressors have not previously been studied as individual
predictors of AL, although relationship (particularly marital)
stress has been associated with specific indicators of
physiological dysregulation in prior research (e.g., elevated
blood pressure; metabolic dysregulation; 37–39).

Given research demonstrating that AL predicts health
outcomes including CVD and mortality [8–11], the current
findings suggest that chronic stress, particularly in the areas
of work, caregiving, and finances may be relevant to
understanding Mexican-American women’s health risks.
For example, in a study of older adults [67], each 1 unit
increment in a similar measure of AL was associated with
more than double the mortality risk after adjusting for age
and gender. In the current study, the difference in predicted
AL scores (controlling for covariates) between women who
experienced severe stress and those who reported no stress
was more than 1 unit difference for chronic financial strain
and 0.85 unit difference for caregiving stress. A greater
than 1 point difference was also observed between women
who experienced work stress but did not find it upsetting
and those with work stress they found to be severely
upsetting. Thus, the findings suggest clinically meaningful
increases in health risks associated with severe chronic
stress in these domains. However, future research is needed

Yes, very 
upsetting  

Yes, 
somewhat 
upsetting      

Yes, not 
upsetting   

No stressor    

A
llo

st
at

ic
 L

o
ad

(M
ea

n
 P

re
d

ic
te

d
 V

al
u

e)
4.0

3.0

2.0

1.0

0.0

Chronic Work Stress

Yes, very 
upsetting  

Yes, 
somewhat 
upsetting      

Yes, not 
upsetting   

No stressor   

A
llo

st
at

ic
 L

o
ad

(M
ea

n
 P

re
d

ic
te

d
 V

al
u

e)

4.0

3.0

2.0

1.0

0.0

Chronic Financial Strain

Panel C

Yes, very 
upsetting  

Yes, 
somewhat 
upsetting      

Yes, not 
upsetting   

No stressor   

A
llo

st
at

ic
 L

o
ad

(M
ea

n
 P

re
d

ic
te

d
 V

al
u

e)

4.0

3.0

2.0

1.0

0.0

Chronic Caregiving Stress

Fig. 1 Predicted values for allostatic load, controlling for covariates,
across chronic stressor response categories for work stress, financial
strain, and caregiving stress
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to examine how AL relates to objective health outcomes
such as mortality specifically in Latino populations.

It is interesting to note that only certain types of chronic
stress were independently associated with AL scores in the
current study. This supports the utility of considering and
discriminating among multiple domains of stress instead of
simply examining overall perceived stress, or counting the
number of stressful events. In addition, several factors may
help explain why certain stressors did not emerge as AL
predictors. First, some participants may have been reluctant
to disclose problems in areas that are highly valued (i.e.,
relationship stress) or that carry social stigma (i.e., family
substance abuse), especially given the general trend for
Latinos to respond in a socially desirable manner (e.g.,
relative to non-Latino whites; 68). These tendencies may
have led to errors in quantifying exposure to chronic stress.
Second, lack of precision in assessment could be a
contributing factor. For example, participants might have
endorsed “ongoing work stress” because of interpersonal
problems with colleagues, low levels of control at work, or
failure to advance in their profession. Thus, this domain
could conceivably represent either a social or achievement
related stressor. As another example, “ongoing problems in
a close relationship” might describe conflict with a spouse,
child, or friend, and could refer to a relationship with
someone seen daily or someone with whom the participant
interacts only rarely. Given this range, the physiological
consequences of close relationship stress could be expected
to vary considerably. Comparatively, items assessing
caregiving and financial stress are relatively more straight-
forward in their interpretations. Moreover, both caregiving
and financial stress are likely to have an insidious influence
across all aspects of a person’s life. Overall, additional
research usingmore refined assessments of each stress domain
is needed to explore the stability of the current findings, and
whether they generalize to other social–cultural groups.

A second goal of the current study was to examine the
contribution of lifestyle factors to associations between
chronic stress and AL [43]. In a prior study of middle-aged
Hawaiian residents [69], health behaviors (specifically, less
alcohol use, more smoking, and less physical activity) were
related to physiological dysregulation in multivariate
analyses for men but not women. In SEBAS, greater
physiological dysregulation was observed in alcohol
abstainers versus non-abstainers, whereas smoking did not
relate to AL [43]. Analyses performed in the NHANES III
cohort found that heavy drinking was unassociated with
AL; whereas smokers had higher AL scores [34]. Lifestyle
factors explained a significant amount of variance in AL
scores after controlling for covariates in the current study.
However, only alcohol consumption emerged as a significant
predictor, with greater alcohol consumption predicting lesser
AL. It is notable that alcohol consumption was quite moderate

in our sample, with only 8.5% of women consuming six or
more drinks per month. Prior research indicates that the
association between alcohol and health is J-shaped, so that
low to moderate levels of consumption are salubrious,
whereas heavier drinking predicts increased health risks
[e.g., higher cardiovascular and all-cause mortality rates; 70,
71]. The mechanisms explaining these effects are believed to
include enhanced HDL-c and insulin sensitivity, and reduced
inflammation [72], all of which are reflected in our AL
construct. Notably, chronic stressors did not relate consis-
tently to lifestyle factors in our study and consequently, these
variables had a negligible role in connecting chronic stress
with AL. This suggests a more salient direct relationship
between chronic stress and AL. Measurement limitations
(e.g., self-report assessments of activity and diet; lack of
validation information on Spanish versions) and the fact that
few women in our study evidenced high-risk lifestyles may
also be relevant to understanding these findings.

The current study adds to the literature by comparing
multiple domains of chronic stress in relation to AL,
considering subjective stress appraisals, and focusing on
an understudied, well-defined sociocultural group. However,
the study also must be interpreted in light of its limitations.
The cross-sectional nature of the design prohibits conclusions
regarding directionality of the observed associations.
Although conceptually unlikely, AL might influence chronic
stress perceptions. A longitudinal study involving multiple
assessments of chronic stress domains and AL over time
would provide stronger evidence for the hypothesized
relationships. In addition, to minimize participant burden,
comprehensive assessments of each chronic stress domain
were not administered. The use of a single item to assess each
stressor could create interpretive differences that might have
diminished our ability to identify chronic stress effects in
certain domains. Finally, although there are advantages to
focusing on a specific demographic group, given that the
impact or relevance of different types of stress may be
influenced by social–cultural context among other factors, this
approach also limits generalizability. We focused on a
relatively small sample of a specific segment of US female
Latino residents, and the findings cannot be assumed to
generalize beyond this sociodemographic group. Likewise,
given that we excluded women with health problems, and
endeavored to represent the full range of SES (consistent with
target communities’ SES distribution according to census
data), it is possible that levels of chronic stress or AL were
different (e.g., lower) in the current sample relative to what
might have been observed in other samples of Mexican-
American women. Indeed, certain stress categories were
endorsed infrequently, and this may have attenuated statistical
power. Future research addressing each of these limitations is
recommended to further explore how specific domains of
chronic stress relate to AL in diverse populations.
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