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ABSTRACT
Allostatic load (AL) is the manifestation of cumulative responses to chronic stress exposure. Numerous
studies have shown the importance of AL in understanding disease risks. Yet little is known about
existing interventions that target AL specifically. We aimed to address this gap by identifying interven-
tions targeting AL and determining the success of these interventions in improving biological function-
ing. We searched five electronic databases using variations of two concepts: AL and programs or
interventions. We included original research reports that focused on AL as an outcome. We excluded
work that focused on a single indicator, not written in English or did not implement an intervention.
The Template for Intervention Description and Replication checklist guided our intervention critique
and synthesis. Six articles were included, with sample size across the interventions ranging between 2
and 733. Despite inconsistencies in the selection of AL indicators and scoring of AL, all four body sys-
tems were represented in all the studies. Four interventions showed significant improvement in Al (as
indicated by a decrease in AL score) as early as 7weeks. More interventions targeting Al are needed.
The reduction in AL scores among four of the six interventions suggests that Al could be a biological
outcome measure that is sensitive to change in response to interventions. This has significant clinical
and research implications. Future studies are needed to examine whether AL serves as a mediator in
the effects of the intervention on improving clinical manifestations of diseases.
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Introduction

Allostatic load (AL) is an important concept that has gained
momentum across various disciplines, particularly in the fields
of medicine and psychiatry (Liston et al., 2009). AL is the
manifestation of cumulative responses to chronic stress
exposure (Juster et al., 2010; McEwen, 1998; 2000; McEwen,
2002; McEwen & Seeman, 1999; McEwen & Stellar, 1993;
McEwen & Wingfield, 2003, 2010) that can serve as an “early
warning system” of wear and tear on the body because it
may be more sensitive to effects of stress than a single indi-
cator (Mauss et al., 2016; Seeman et al., 2004). This concept is
important because it delineates functioning across not just
one but several body systems including sympathetic nervous
system (SNS), parasympathetic nervous system (PNS), hypo-
thalamic pituitary adrenal (HPA), cardiovascular, immunologic
and inflammatory systems (Beckie, 2012; Johnson et al. 2017;
Juster et al., 2010; McEwen, 2000; 2000; McEwen & Wingfield,
2010). Numerous studies have shown the importance of AL
in understanding disease risks (Beckie, 2012; von Thiele et al.,
2006). Despite studies noting the scientific and clinical rele-
vance of AL, little is known about existing interventions to
mitigate stressors and associated cumulative pathophysio-
logic response that target or measure AL specifically.

There are many intervention approaches to decreasing
stressors or improving responses to stress and many

biobehavioral approaches to measure their health effects.
Given the complexity of the physiologic manifestations of
stress on the body, interventions targeting AL—using meas-
ures that reflect this complexity—could be fruitful. In their
longitudinal cohort study among 171 high-functioning com-
munity-dwelling older adults, Karlamangla, and colleagues
(Karlamangla et al., 2006), found that those with an increase
in AL score had a higher risk for mortality compared to those
with decreased AL score (15% vs. 5%¼ .047). Their study
highlighted the potential clinical significance of interventions
aimed at decreasing AL (Karlamangla et al., 2006). Given that
AL often is driven by one’s perception and direct interpret-
ation or internalization of the stressors, addressing AL itself
may be a good approach when a change in stressor is
impracticable and maladaptive coping is not the core prob-
lem. To this end, we set out to conduct a review by which
we explored interventions aimed at ameliorating AL. The pur-
pose of this scoping review was to identify interventions tar-
geting AL and determine the success of these interventions
in improving biological functioning. Our primary research
question was: Are there any studies aimed at improving AL?
Our sub-questions were: What are the key components of
these interventions? What were the key AL-related
outcomes?
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Definition, operationalization, and scoring of AL

AL is the pathophysiologic manifestation of the cumulative
effects of stress (McEwen, 1998). Chronic exposure to stress
leads to the accumulation of wear and tear across the inter-
acting physiologic systems, a price of adaptation (McEwen,
1998). The cascading event begins with chronic exposure to
stress across multiple socio-ecological levels (e.g., structural
inequalities, trauma) (Geronimus et al., 2006; Juster et al.,
2010; Seeman et al., 2004; von Kanel, 2003). Then primary
neuroendocrine responses take place with hormones of the
hypothalamic-pituitary-adrenal (HPA) axis (e.g., catechol-
amines, cortisol) followed by secondary responses which
include the dysregulations across the immunologic, meta-
bolic, cardiovascular, and nervous systems. Tertiary outcomes
involve clinical conditions (morbidity) and eventually death
(McEwen, 2004).

AL is operationalized by a composite score of multiple
physiological indicators–anthropometrics and biomarkers—
from different body systems (Mauss et al., 2016; Seeman
et al., 2004). Some of the most frequently used indicators
and biomarkers include cortisol, epinephrine, and norepin-
ephrine from the neuroendocrine system, C-reactive protein
(CRP) and interleukin-6 (IL-6) from the immune system, sys-
tolic blood pressure (SBP) and diastolic blood pressure (DBP)
from the cardiovascular system, high-density lipoprotein
(HDL), glycosylated hemoglobin (HbA1c), and total choles-
terol (TC) from the metabolic system, and waist/hip ratio
(WHR), and body mass index (BMI) as anthropometric meas-
urement (Juster et al., 2010).

The term clinimetrics emphasizes the quality of measure-
ments with a focus on clinical and practice implications (Fava
et al., 2012). Specific to AL, studies have used clinimetric
approaches to understand socio-ecological factors (e.g., life

events), behavioral responses as well as variations across clin-
ical measures of AL and their implications for mortality and
morbidity (e.g., cardiovascular disease) (McEwen, 2000; 2019;
McEwen & Seeman, 1999). Key clinimetric criteria for AL that
can be applied in clinical practice include the presence of a
source of stress and stress responses (i.e., psychiatric symp-
toms, psychosomatic symptoms, significant impairment in
social and occupational functioning, significant impairment in
psychological well-being) (Fava et al., 2010). Studies have sup-
ported the clinical relevance of AL with potential pathways for
program implementations to improve health outcomes such
as obesity (Ottino-Gonz�alez et al., 2019), other health behavior
risks (Suvarna et al., 2020), burnouts (Juster et al., 2011), car-
diovascular diseases, and mortality (Seeman et al., 2004). A
clear understanding of the stress antecedents (e.g., work stress,
trauma, low socio-economic status) and effective measurement
of AL will narrow the research-clinical-practice gap thus inform
effective upstream and downstream interventions to remedi-
ate health disparities (Shonkoff et al., 2009).

Many scoring methods have been used to compute an AL
composite score, including the count-based, z-score, canon-
ical correlation, and grade of membership (GOM) methods
(Juster et al., 2010). The simple count-based method is the
most commonly used method. Using this method, an AL
summary score is calculated by summing the number of indi-
cators and biomarkers falling within a high-risk percentile
(i.e., upper or lower 25th percentile) based on the sample’s
distribution of indicator and biomarker values. The count-
based method has demonstrated good predictive performan-
ces for predicting self-rated health, hypertension, and
diabetes in women of reproductive age (Li et al., 2019). For
the Z-Score approach, each indicator is standardized to a
mean of zero with one standard deviation. ALI is calculated
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Figure 1. PRISMA model to guiding our search and record-keeping approach.
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by adding the sum of the standardized distance of each indi-
cator to the respective mean (Vie et al., 2014). The Canonical
correlation emphasizes the ideal linear combination for the
AL indicators that are the most highly correlated with the
health outcomes (Karlamangla et al., 2002). For the GOM
approach, ALI is the sum of N-1. For this approach, each indi-
cator is categorized into low, moderate, or high and excludes
the score for the reference group (Seplaki et al., 2005).

There also remains some debate about indicators to
include for the measurement of AL. The issue of whether a
clinical or sample-based cutoff criteria should be used also is
unresolved (Mauss et al., 2015). Despite these debates, stud-
ies comparing distinct measurement approaches have found
only modest differences in their predictive utility (McEwen &
Stellar, 1993; McEwen, 1998; Karlamangla et al., 2002).
Moreover, 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
(McEwen, 2002).

Clearly, we understand the importance of AL as an early
warning-system of disease risks and a catalyst for advancing
our understanding of the stress-strain response-morbidity-
and mortality trajectory. However, the heterogeneity in how
AL is operationalized suggests that clinical intervention
research is needed to effectively leverage the utility of AL in
practice for optimal health outcomes. This scoping review
lays the groundwork toward achieving this goal.

Methods

Design

This is a scoping review design. A scoping review is per-
formed to answer research questions and map key concepts

in an area of research that has not been previously compre-
hensively reviewed. Colquhoun and colleagues (Colquhoun
et al., 2014) expanded on Arksey and O’Malley’s work (Arksey
& O’Malley, 2005) to define a scoping review as a form of
knowledge synthesis that addresses an exploratory research
question aimed at mapping key concepts, types of evidence,
and gaps in research related to a defined area or field by sys-
tematically searching, selecting, and synthesizing existing
knowledge (Colquhoun et al., 2014). Arksey & O’Malley
(2005)’s five stages of conducting a scoping review guided
our approach. The five steps include: 1) identifying the
research question, 2) identifying relevant studies, 3) study
screening and selection, 4) charting the data, and 5) collating,
summarizing, and reporting the results (Arksey & O’Malley,
2005). We proposed three research questions. Our first
research question was “Are there any studies aimed at improv-
ing AL?” Our second research question was “What are the key
components of these interventions?” Our third research ques-
tion was “What were the key AL-related outcomes?”

Search strategy

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) criteria informed the literature search
and record-keeping strategies (see Figure 1). The authors
consulted with a health-science library informationist to
refine the search protocol. Five electronic databases
(PubMed, PsycInfo, Cumulative Index to Nursing and Allied
Health Literature [CINAHL], Embase, and Scopus) were
searched to identify relevant articles. Search terms included
variations on two key concepts of interest: a) programs or
intervention research and b) AL.

Table 2. TIDieR criteria evaluation.

Criteria

Berger
et al.
(2018)

Carroll
et al.
(2015)

McClain
et al.
(2018)

Nu~no
et al.
(2019)

Soltani
et al.
(2018)

Ye
et al.
(2017)

Provided the name or a phrase that describes the
intervention

X X X X X X

Described any rationale, theory, or goal of the
elements essential to the intervention

X X X X X X

Gave details on materials and information on where
the materials can be accessed (for example, online
appendix, URL)

X X X X

Gave details on procedures used in the intervention X X X X X
Provided details on intervention team members X X X X
Provided details on mode of delivery such as face to

face or by some other mechanism, and whether it
was provided individually or in a group

X X X X X

Provided details on intervention location including
any necessary infrastructure or relevant features

X X X X X

Described the schedule, duration, intensity or dose X X X X X
Explained if the intervention was planned to be

personalized, titrated or adapted
X X

Explained if the intervention was modified during the
course of the study

Explained how intervention adherence or fidelity
was assessed

IF intervention adherence or fidelity was assessed,
describe the extent to which the intervention was
delivered as planned

522 M.-A. S. ROSEMBERG ET AL.
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Inclusion and exclusion criteria

Articles were included if: 1) they were original research
reports; 2) included a cumulative AL index; 3) had AL as an
outcome. We did not have a timeframe restriction because
we understood that such a review had not been completed
previously and wanted to capture all studies. Articles were
excluded if they 1) did not have a composite score for AL.
For example, some articles mentioned that they looked at AL
yet only focused on one indicator; 2) did not implement an
intervention; 3) were not written in English or 4) there was
no access to the full text.

Data extraction

Three researchers extracted the data using two steps. First, a
table (Table 1) was developed to record the indicators that
made up the AL index for each article. Second, the Template
for Intervention Description and Replication (TIDieR) checklist
and guide (see Table 2) was used to evaluate the interven-
tions (see Table 3). TIDieR was inspired by the Consolidated
Standards of Reporting Trials (CONSORT) and SPIRIT
(Standard Protocol Items: Recommendations for Intervention
Trials) both of which emphasize the importance of clarity and
transparency in the description and reporting of intervention
protocols and intervention-related outcomes (Campbell et al.,
2018; Hoffmann et al., 2014; 2017).

Results

A total of six articles were included in this review (Berger
et al., 2018; Carroll et al., 2015; McClain et al., 2018; Nu~no
et al., 2019; Soltani et al., 2018; Ye et al., 2017). Sample sizes
varied between 2 and 733 across all interventions. AL was
either a primary (e.g., McClain et al., 2018) or secondary out-
come (i.e., Ye et al., 2017) for the intervention. Various combi-
nations of indicators made up the AL index across the six
interventions. Carroll et al (Carroll et al., 2015) had eight indi-
cators; Soltani et al (Soltani et al., 2018) had 10; McClain et al
(McClain et al., 2018) had 11; Ye et al. (Ye et al., 2017) had
14, Nu~no et al (Nu~no et al., 2019) had 20, and Berger et al
(Berger et al., 2018)had 22 indicators. There were no compo-
nent indicators of AL consistently used across all the five
studies. However, SBP and DBP from the cardiovascular sys-
tem, cortisol from the neuroendocrine system, CRP from the
immune system, and HDL and HbA1c from the metabolic sys-
tem were included in four of the five studies (Table 1 and
Figure 2). Despite different combinations of AL component
indicators, all of the four body systems, including the cardio-
vascular, neuroendocrine, immune, and metabolic systems,
were represented in the AL index in the six studies. Four of
the five articles scored AL using the within-sample percentile
ranking to score AL, while the remaining two used clin-
ical cutoffs.

As seen in table two, none of the studies addressed all
the 12 components of the TiDeR checklist. For example, none
addressed adherence or fidelity to the intervention nor
whether the intervention was modified during the course of
the project. The interventions included drug therapy (BergerTa
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et al., 2018); comparative efficacy of cognitive behavioral
therapy (CBT), tai chi chih (TCC), and a sleep seminar (Carroll
et al., 2015); a federal nutrition assistance program (McClain
et al., 2018); osteopathic manipulative treatment (OMT)
(Nu~no et al., 2019); a whole foods diet (Soltani et al., 2018);
and mentor-based supportive expressive program (Ye et al.,
2017). Follow up post-intervention began as early as
1.75month (Nu~no et al., 2019) and occurred as late as 5 years
(McClain et al., 2018) post-intervention.

Four of the six studies indicated significant improvement
in AL (Table 3) (Berger et al., 2018; Carroll et al., 2015; Nu~no
et al., 2019; Ye et al., 2017). In Berger et al’s study (Berger
et al., 2018) AL decreased significantly after treatment
(between baseline and 6 and 12-week follow-up assessments;

p < .001) (Berger et al., 2018). In Carroll et al’s study (Carroll
et al., 2015) AL scores decreased significantly among the
group that received the Tai Chi (p¼ 0.04) and cognitive
behavioral theory (p¼ 0.001). The improvement (reduction in
AL scores) began to show as early as 4months in the CBT
group (odds ratio [OR] ¼ .21 [95% CI, .03—1.47], p < .10)
(Carroll et al., 2015). In Ye et al’s study (McClain et al., 2018),
the effect size for the AL index increased significantly at
12months (From 0.75 to 0.90) (Ye et al., 2017). Nu~no and col-
leagues’ study included two participants (one man and one
woman). They showed an improvement in the AL score from
7 to 4 for the man and from 9 to 7 for the woman (Nu~no
et al., 2019). McClain and colleagues’ federal nutrition assist-
ance program study did not show improvement in AL

Figure 2. Frequencies of AL indicators across studies.
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(McClain et al., 2018). Soltani and colleagues’ study (Soltani
et al., 2018) showed no significant difference between the
two diet intervention groups (p¼ 0.79).

Discussion

The goal of this scoping review was to identify and synthe-
size studies aimed at improving AL. AL is a concept used to
describe pathophysiologic functioning across all body sys-
tems as a response to chronic stress exposure. The potential
significant clinical implications of AL in understanding health
risks and pathways for morbidity and mortality has been
shown. Yet we know little about approaches that have been
developed and implemented to address AL, capitalizing on
this early warning system metric. We found only six studies,
but four of them showed significant AL improvement
(Figure 3).

Among the six studies reviewed, the AL index was made
up of different combinations of physiological indicators. But
all the four body systems (e.g., the cardiovascular, neuroen-
docrine, immune, and metabolic systems) were captured in
the AL measures of the six studies. The AL scoring
approaches also varied across the six studies. Future studies
may determine an optimal combination of AL indicators from
the four body systems and lead to a consensus about how to
best score AL to improve ease of comparison across studies;
however, comparison of effect size provides an alternative to
AL measurement and scoring consistency.

Despite that there were only six intervention studies
examining AL as the primary or secondary outcome, four of
the six studies showed efficacy of the interventions in reduc-
ing AL. In Carroll et al’s study (Carroll et al., 2015), the signifi-
cant reduction in AL was found as early as 4months after the
CBT group. This suggests that AL could be a biological out-
come measure that is sensitive to change in response to the
intervention or treatment. Ye and colleagues (Ye et al., 2017)
found the effect size of BRBC on AL increased throughout

the intervention from 0.49 (p ¼ .13) at 2months to 0.90
(p< 0.001) at the end of the intervention at 12months. Nu~no
et al. (2019) OMT intervention yielded a decrease from 7 to 4
and 9 to 7 in AL score in the first and second participants
respectively. In contrast, Soltani and colleagues (Soltani et al.,
2018) did not find significant changes in AL before and after
the 8-week DGA diet intervention. There may be several rea-
sons for the heterogeneity in intervention results across the
studies. These reasons include but are not limited to discrep-
ancies in the follow-up time, the type of interventions imple-
mented, the process involved in the implementation, the
population involved, sample size, and other extraneous fac-
tors such as environment, family/social support, and cop-
ing behaviors.

Studies are needed to replicate these interventions. More
long-term studies are needed in order to determine whether
benefits are sustained after interventions end, and whether
repair in system function may continue independently.
Future studies are needed to examine whether AL serves as
a mediator in the effects of the intervention or treatment on
improving clinical manifestations of diseases. The full promise
of AL lies in the clinical implications of observing a reduction
in AL as an early indicator of the effectiveness of an interven-
tion in relation to clinical outcomes.

Limitations

The concept of AL is relatively new to the literature. Limiting
our inclusion criteria to studies which specifically include a
cumulative AL index means that studies that measure com-
ponents of allostatic load, even several of them without cre-
ating a cumulative index, were not included. Also, this study
focused on change in AL as an outcome of intervention.
Assessment of AL in observational studies was not examined,
and knowing the range of distributions across samples with
similar characteristics and stressors may have further illumi-
nated the effect of interventions on AL.

Figure 3. Intervention targeting AL.
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Strengths

Despite these limitations, this study has several strengths.
First, to our knowledge, this is the first review of its kind to
synthesize interventions targeting AL. This endeavor is of
upmost importance, especially given the growing awareness
of the significance of AL in our understanding of the relation-
ship between stress (across socio-ecological levels) and mor-
bidity, and mortality. Second, because there are a small
number of studies that specify AL as an outcome, this review
likely identified them all. Therefore, the review will be instru-
mental for future research examining AL. In addition, several
of the interventions in this review have prior evidence of
effectiveness in stress reduction, antipsychotics in schizophre-
nia (Gispen-de Wied, 2000), CBT (Bryant et al., 1998), Tai chi
and a whole foods diet, indicating that observed effect sizes
on AL are likely to be valid.

Conclusion

This scoping review was the first to examine the use of a
cumulative allostatic load index as an intervention outcome.
While earlier literature has explored the measurement and
conceptual validity of allostatic load, the cumulative ‘wear
and tear’ of chronic stress on the body, its utility as an inter-
vention outcome has been heretofore unknown. This study
shows that a cumulative allostatic load index is sensitive to
interventions. This has significant clinical and research impli-
cations. Measurement of chronic stress and its impact on
health is immensely challenging, as there are numerous con-
founding individual and environmental factors. The use of
allostatic load as an intervention outcome is a promis-
ing solution.

Impact on the field

This work contributes significantly to the field because it is the first to
present collated evidence in support of the fact that allostatic load is
amenable to change and is responsive to interventions. This finding is
promising for future work aimed at improving how the body responds
to chronic stress exposure.
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