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A B S T R A C T   

Objective: Allostatic load literature has proliferated over the past three decades, and a growing body of research 
demonstrates that higher levels of allostatic load are associated with a wide range of negative physical and 
mental health outcomes. However, there remain significant challenges with operationalization of the concept. A 
scoping review of the methods employed to create an allostatic load algorithm was conducted and recommen-
dations for future research with an orientation towards advancing clinical application of the theory are discussed. 
Methods: A search of seven electronic databases (PubMed, PsycINFO, Social Work Abstracts, Social Service Ab-
stracts, Social Sciences Citation Index (Web of Science), Sociological Abstracts, Scopus) was completed with the 
search term “allostatic load.” Studies were reviewed, and if they met the inclusion criteria, data was extracted, 
complied, and presented in the narrative, table, and figures. 
Results: The initial searches yielded 5280 results with the final sample of 395 non-duplicate articles that met the 
inclusion criteria. More than half (52.5%) of all included publications employed biomarker cutoffs based on the 
high-risk quartiles of the sample distribution, 11.1% employed the sum of at-risk clinical scores, and the 
remainder of studies utilized a range of different algorithms. 
Conclusion: Allostatic load literature has grown at an exponential rate in recent years, but researchers continue to 
operationalize the concept via algorithms that may have limited utility moving forward. More nuanced statistical 
approaches are emerging and should be considered, as should a shift towards an approach that can provide 
additional clinical utility.   

1. Introduction 

Allostatic load, which represents the cumulative wear and tear of 
long-term exposure to stress [47], has become a major focus in the 
literature since the term was first coined nearly three decades ago. The 
premise that exposure to stress leads to negative health outcomes is not 
new. It can be linked to the earliest definitions of stress [61] as well as 
the concept that stress accumulates in the body over time [62]. Yet the 
approach taken by McEwen and Stellar [47] was novel. Specifically, the 
idea that individual biomarkers could be measured in clinical settings, 
and a score calculated that could be utilized as a predictive tool for 
negative health outcomes, was a significant contribution to the litera-
ture. Since then, research on allostatic load has associated it with a wide 
range of health outcomes including—but not limited to—cardiovascular 
disease, diabetes, musculoskeletal disorders, cancer, periodontal dis-
ease, mood and anxiety disorder, and post-traumatic stress disorder (see 
[3,29] for more detailed reviews). 

Despite the wide-ranging application of allostatic load theory to 

better understand health, there remains a lack of consensus related to 
the operationalization of the theoretical concept [4,48]. One of the more 
impactful consequences of this heterogeneity is that it limits the ability 
to make comparisons across studies [4]. The current study presents the 
findings of a scoping review of the algorithms employed to operation-
alize allostatic load in order to gain a more holistic picture of the vari-
ance in how allostatic load is operationalized. First, a brief overview of 
the literature is provided for general historical context of allostatic load 
operationalization and algorithms. Second, the results of the scoping 
review are presented. Finally, recommendations for future research with 
an orientation towards practical, clinical applications are discussed. 

2. The development of allostatic load theory and research 

Allostatic load theory is an evolution of stress-related research that 
dates to the early 20th century. It is rooted in the work of Selye [61], 
who coined the term stress, and Cannon [10], who created the word 
homeostasis. For Cannon [10], homeostasis as about biological systems 

* Corresponding author. 
E-mail addresses: jason.carbone@wayne.edu (J.T. Carbone), jenny.clift@wayne.edu (J. Clift), nicholas.alexander3@wayne.edu (N. Alexander).  

Contents lists available at ScienceDirect 

Journal of Psychosomatic Research 

journal homepage: www.elsevier.com/locate/jpsychores 

https://doi.org/10.1016/j.jpsychores.2022.111050 
Received 7 April 2022; Received in revised form 23 September 2022; Accepted 27 September 2022   

mailto:jason.carbone@wayne.edu
mailto:jenny.clift@wayne.edu
mailto:nicholas.alexander3@wayne.edu
www.sciencedirect.com/science/journal/00223999
https://www.elsevier.com/locate/jpsychores
https://doi.org/10.1016/j.jpsychores.2022.111050
https://doi.org/10.1016/j.jpsychores.2022.111050
https://doi.org/10.1016/j.jpsychores.2022.111050
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpsychores.2022.111050&domain=pdf


Journal of Psychosomatic Research 163 (2022) 111050

2

maintaining “consistency through stability” ([68], p. 17), which enabled 
them to balance the impact of internal and external stimuli in order to 
sustain life. Selye [63] believed that the homeostatic model did not 
adequately describe biological responses to extreme stimuli (i.e., stress). 
Selye created the term heterostasis to represent the new normal that is 
achieved when organisms adapt to changes in the environment [23]. Yet 
Selye [62] recognized that when these changes are extreme, they can be 
maladaptive. He was the first to suggest that stress can accumulate over 
time and that this can lead to negative biological outcomes—a process 
he labeled General Adaptation Syndrome (GAS). 

Sterling and Eyer [69] published a seminal work wherein they 
introduced the term allostasis, which was a theoretical leap beyond 
homeostasis theory. Allostasis proposes that longer-term stability occurs 
as a result of change [45] and incorporates concepts from evolutionary 
theory by stating that an organism’s goal is not to remain constant, but 
to maintain fitness under natural selection and that this process inher-
ently requires the ability to adapt and change [57]. The allostasis model 
is also a predictive one, allowing organisms to learn from previous ex-
periences in order to maintain fitness [57]. This is a key concept when 
considering maladaptive allostatic processes and their connections with, 
for example, mental health disorders such as posttraumatic stress 
disorder. 

McEwen and Stellar [47] extended these earlier lines of work to 
create allostatic load theory, which integrates the allostasis and chronic 
stress perspectives into a cause and effect framework [34]. Allostatic 
load theory proposes a linear progression that begins with exposure to 
chronic stress and trigger biological changes that, over time, result in 
negative health outcomes. More specifically, long term exposure to 
chronic stress can lead to changes in the management of stress hormones 
(i.e., cortisol, DHEA-S, epinephrine, and norepinephrine as well as some 
cytokines). Collectively, these biomarkers are referred to as primary 
mediators [34,54]. Long-term dysregulation in primary mediators can 
result in changes at the cellular level, known as primary effects. Over 
time, this can lead to subclinical changes in what are known as sec-
ondary outcomes. Examples include blood pressure, cholesterol, glucose 
levels, fibrinogen, and albumin. Finally, changes in secondary outcomes 
lead to the development of tertiary outcomes, which are the disease 
outcomes and include physical disease (e.g., cardiovascular) and mental 
health disorders (e.g., depression, anxiety). This final disease stage is 
known as allostatic overload and occurs when environmental challenges 
exceed an individual’s abilities to cope [34]. 

McEwen and Seeman [46] were the first to test allostatic load theory 
through empirical research with the MacArthur Foundation Study on 
Successful Aging. This study laid the groundwork for future allostatic 
load research and set the standard for the biomarkers that would 
comprise an allostatic load measure. Early studies with this data set (e. 
g., [36,58–60]) focused on a combination of ten biomarkers (DHEA-S, 
urinary cortisol, norepinephrine, epinephrine, systolic blood pressure, 
diastolic blood pressure, waist-to-hip ratio, serum HDL-cholesterol, total 
cholesterol-to-HDL cholesterol, and HbA1c) to create an allostatic load 
index (ALI). 

The National Health and Nutrition Examination Survey (NHANES) 
was another early adopter of biomarker collection that contributed to 
allostatic load research. The third wave of NHANES, known as NHANES 
III, collected data from 1988 through 1994 and was the first wave of 
NHANES to include biomarkers [13]. While researchers who utilized the 
MacArthur Foundation Study data tended to employ the same list of 
biomarkers when creating an allostatic load variable, this began to 
change with NHANES. Researchers began to add or delete individual 
biomarkers from allostatic load scales, resulting in the use of a range of 
biomarkers from as few as six (e.g., [43]) to as many as 14 (e.g., [1,82]). 
The biomarkers include some combination of C-reactive protein, plasma 
fibrinogen, urinary albumin, waist circumference, SBP, DBP, serum 
triglycerides, HDL cholesterol, fasting glucose, BMI, glycated hemoglo-
bin (HbA1c), serum homocysteine, peak flow, and creatine clearance. It 
should be noted that all of these biomarkers are secondary outcomes. It 

has been noted that the lack of primary mediators (i.e., epinephrine, 
norepinephrine, dopamine, cortisol) limits the utility of this data set to 
elucidate the causal pathways that link factors to disease outcomes via 
an allostatic load model [53]. That is, there are delays in the sequential 
changes from primary mediator to primary effects to secondary outcome 
to tertiary outcomes, as described above in the theory. Blending data 
from multiple points in time (i.e., primary mediators and secondary 
outcomes) obscures this process and leads to a less precise understand-
ing of how and when biological changes occur. In addition, few re-
searchers have differentiated between primary mediators and secondary 
outcomes in their algorithm formation (e.g., [64]). 

The breadth of biomarkers collected expanded, most notably, with 
the Midlife in the United States (MIDUS) study. MIDUS is a longitudinal 
study that began in 1995 to explore the role of psychological, behav-
ioral, and social factors on health as individuals age [6]. From 2005 to 
2009, biomarkers were collected from a subsample of the original study 
population. While MIDUS collected a wide range of biomarker data, 
most researchers utilize up to 24 biomarkers and group them into seven 
biological systems (e.g., [67,83]). These biomarkers—and their respec-
tive biological systems—include systolic blood pressure, diastolic blood 
pressure, resting pulse (cardiovascular system); 12-h overnight urine 
epinephrine, 12-h overnight urine norepinephrine (sympathetic nervous 
system); low-frequency heart variability, high-frequency heart vari-
ability, the standard deviation of R-R (heartbeat-to-heartbeat) intervals, 
the root mean square of successive differences (parasympathetic ner-
vous system); 12-h overnight urinary measure of cortisol, serum DHEA-S 
(HPA-axis); plasma C-reactive protein, fibrinogen, serum IL-6, soluble 
adhesion molecules E-selectin, intercellular adhesion molecule 1 (in-
flammatory system); glucose, insulin resistance, HbA1c (glucose meta-
bolism); HDL-cholesterol, LDL-cholesterol, triglycerides, BMI, WHR 
(lipid metabolism). 

Other research studies have collected a wide and varied array of 
biomarkers, resulting in variability across the literature. Examples of 
other biomarkers included in allostatic load summary scores include 
thyroxin [2]; insulin resistance [34,84,85]; transaminases, IGF-1, IL-8, 
[9]; IL-10 [40,52]; tumor-necrosis factor alpha [26,32,56]; D-dimer, 
[5,78]; aldosterone [49,77]. This variance in biomarker utilization is 
symptomatic of the lack of consensus as to which biomarkers should or 
should not be included [48]. Arguably even more problematic, and the 
focus of the current scoping review, is the variance in how biomarker 
values are aggregated into an informative and predictive allostatic load 
algorithm. The limited research that compares varied approaches to a 
summary measure has found differing results with modest effects on 
some—but not all—outcomes [36,64]. 

3. Creating allostatic load algorithms 

There are multiple considerations for developing an allostatic load 
algorithm. In order to take data from multiple biomarkers and aggregate 
them into a single allostatic load score, the following decisions about the 
algorithm structure need to be considered: (1) Should biomarkers be 
treated as continuous or dichotomous variables? (2) If dichotomized, 
should a sample distribution or clinical cutoff approach be taken? (3) 
How should biological systems be taken into consideration when 
calculating allostatic load? (4) Once a scale is constructed, what score 
represents high allostatic load? 

3.1. Dichotomized versus continuous biomarkers 

Researchers must first determine if the value of the biomarker will be 
treated as a standardized, continuous value (e.g., z-score) or if it will be 
converted to a dichotomous variable (1 = high level of biomarker dys-
regulation, 0 = low/no biomarker dysregulation). Allostatic load scales 
can be constructed based on dichotomized or continuous biomarkers, 
yet there is not a consensus as to which method is best [3]. Some re-
searchers have noted that both methods present similar results [72,81] 
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while others suggest that the use of z-scores is preferred as they utilize 
the full continuum of the data and do not eliminate information [30,80]. 
Widom et al. [81] utilized and compared both methods. Although they 
state that the dichotomized variable—based on high-risk quarti-
le—results are statistically significantly correlated with the z-score re-
sults, the two share <50 % of their variance (r = 0.69, p < 0.001) (p.64) 
suggesting that the two approaches are, at least in part, measuring 
different aspects of biological dysregulation. 

3.2. Distribution versus clinical risk cutoffs 

If a dichotomous approach is taken, the researcher must assess if 
individual biomarkers should be treated as being within the normal 
range or outside of the normal range and, therefore, a marker of allo-
static load. Typically, researchers utilize either a cutoff value based on 
the sample distribution or one based on a clinically determined value. 
Although there are multiple sample distribution approaches, utilizing 
the high-risk quartile is the most common. For this approach, the ob-
servations in the highest risk quartile of the sample distribution are 
coded as dysregulated and all others are considered to have a normal 
value. This approach usually considers the observations with either the 
highest or the lowest 25% of the sample distribution, depending on the 
clinical role of that specific biomarker, as being in the high-risk quar-
tiles. Some researchers divide the sample into the top 12.5% and lowest 
12.5% for certain biomarkers such as cortisol since research suggests 
that both hypercortisolemia and hypocortisolemia are associated with 
negative health outcomes (e.g., [5,27]). Using the sample distribution to 
calculate the high-risk quartile can result in a large amount of variance 
across studies. Some examples of high-risk quartile cutoffs based on the 
sample distribution for systolic blood pressure include greater than or 
equal to 150 mmHg [19], greater than or equal to 130 mmHg [41], 
greater than or equal to 115 mmHg [31]. 

An alternative to high-risk quartiles is the use of clinically- 
established cutoffs for determining high-risk biomarkers. Researchers 
have noted that results using clinical cutoffs do not vary from those that 
use distributional approaches such as high-risk quartiles or z-scores (e. 
g., [12,51,80]). In spite of such statements, evidence in this area is not 
conclusive. For example, Ahrens et al. [1] found that among 
reproductive-age women, clinical cutoffs of allostatic load were more 
highly associated with allostatic load outcomes than quartile cutoffs. 

There are two drawbacks to this approach. First, clinical cutoffs have 
not been established for all biomarkers commonly used in allostatic load 
algorithms [35]. Second, the use of clinical cutoffs is not consistent with 
allostatic load theory. Theory posits that allostatic load manifests itself 
at the subclinical level [44]. As such, the use of clinical cutoffs result in 
measurement sensitivity issues, as these cutoffs fail to accurately ac-
count for all positive cases of allostatic load. 

3.3. Role of biological systems 

A method that is growing in popularity, especially with researchers 
that utilize data sets with many biomarkers, is to construct system- 
specific allostatic load scores that are then combined to create an 
overall score (e.g. [29,37,83]). This approach can be viewed as an 
advance in testing theory, as allostatic load theory suggests that dysre-
gulation happens at the level of specific biological systems as well as 
across systems [47]. For this method, researchers create allostatic load 
scores for individual systems (e.g., cardiovascular system, lipid meta-
bolic system, immune system) then combine the scores from each system 
to create an overall allostatic load score. This can be done in several 
ways, although the most common is to sum dichotomous systems-level 
scores to create an overall allostatic load score (e.g., [14,25,55]). 

3.4. Applying allostatic load scales 

Once a composite score is created, researchers must decide how to 

utilize that scale in their analyses. The allostatic load scale can be treated 
as a continuous variable (e.g., sum or average of z-scores, sum of 
dichotomous biomarkers) or a categorical variable. In categorizing the 
allostatic load scale, some researchers choose to utilize three categories 
(low, medium, high) while many dichotomize the indicator. In con-
verting the variable from a continuous to a two or three category vari-
able, researchers must determine an adequate cutoff point or cutoff 
points. Some select a number above the median score to focus on higher 
risk individuals (e.g., [76]), while others take a more liberal approach. 
Theall et al. [71] assessed the level of allostatic load among adolescents 
by utilizing ten biomarkers. With an allostatic load sample mean of one, 
they utilized a cutoff of two, which designated 35% of their sample as 
having high allostatic load. Given that allostatic load is conceptualized 
as representing pre-clinical dysregulation [44], a more liberal approach 
(i.e., lower cutoff) can be justified. Yet most cutoff points are not theo-
retically driven or justified. When researchers note a reason for selecting 
a specific cutoff, it tends to be based on general convention (e.g., [42]) 
or cutoffs from previous studies with the same data set (e.g., [15]). 

4. The present study 

To the authors’ knowledge, there has yet to be a recent, compre-
hensive review of the literature exploring the different ways in which 
researchers have constructed an allostatic load algorithm. Juster et al. 
[34] provide a road map for this work along with both a strong theo-
retical summary and review of the literature. Yet the extensive growth in 
allostatic load literature since then necessitates a additional review. 
There are more limited reviews of this nature, but they focus on allo-
static load measures related to a specific stressor (e.g., employment, 
[44]), specific populations (e.g., adolescents, [79]), or targeted health 
outcomes (e.g., women’s brain health, [38]). In addition, some re-
searchers have looked at how allostatic load is operationalized across 
publications with a specific data set (e.g., [20]). This study attempts to 
take a more holistic view of the science and asks the broad question: 
what is the general state of the literature as it relates to how researchers 
operationalize allostatic load? The findings of our scoping review are 
presented below followed by recommendations for the future trajectory 
of allostatic load research including how research in this area can be 
tailored to be more clinically meaningful. 

5. Materials and methods 

5.1. Protocol and registration 

The PRISMA Extension for Scoping Reviews [73] checklist was 
employed to inform the collection, compilation, and reporting of the 
present study. The study was pre-registered with the Center for Open 
Science’s Open Science Framework database (link masked for review). 

5.2. Eligibility criteria 

For inclusion, studies must have met the following basic criteria: (1) 
utilized human subjects (i.e., animal studies excluded), (2) explicitly 
stated and applied allostatic load theory (e.g., cumulative measures of 
biological dysregulation without any reference to allostatic load were 
excluded), (3) operationalized allostatic load via a measure that incor-
porated multiple biomarkers across multiple systems (e.g., studies only 
utilizing cortisol were excluded). Due to limited translation resources, 
only studies published in English were included and gray literature were 
also excluded. Reviews, editorials, and theoretical papers without 
measured biomarkers were all excluded as ineligible. 

6. Information sources and search 

Studies included in this review were identified from two searches of 
the literature. The initial search was completed in July of 2017. Given 
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that the McEwen and Stellar article that first utilized the term “allostatic 
load” was published in 1993, the search criteria was limited to articles 
published between 1993 and the then present date (i.e., July 2017). A 
subsequent search was conducted in February 2021 to update the pre-
vious results and limited the dates of publication to 2017 through 
February 8, 2021 (the date of the search). 

Both searches (2017 and 2021) utilized the same approach and 
criteria. Seven electronic databases were searched (PubMed, PsycINFO, 
Social Work Abstracts, Social Service Abstracts, Social Sciences Citation 
Index (Web of Science), Sociological Abstracts, Scopus) with the term 
“allostatic load.” While more inclusive search terms could have been 

utilized (e.g., allostasis, biological dysregulation, cumulative risk), only 
“allostatic load” was employed as the goal was to focus on how re-
searchers who specifically identify their research within the allostatic 
load theoretical framework decided to operationalize the concept. 

6.1. Data extraction 

Each study was reviewed to determine if it met the inclusion criteria. 
If it did, the following data elements were extracted into a database file: 
authors, year of publication, article title, list of biomarkers (and their 
respective biological systems if specifically identified in the study) 
included, allostatic load algorithm, source of the data, and sample size. 

7. Results 

7.1. Study selection and characteristics 

Fig. 1 is a flow chart of the inclusion/exclusion process and includes 
the number of studies excluded at each phase. The combined (2017 and 
2021) searches yielded 5280 publications. 2319 duplicates were 
excluded as were 2134 that did not meet inclusion criteria related to the 
use of human subjects or type of paper (e.g., theoretical papers, edito-
rials, etc.). Of the 827 remaining studies, 432 were assessed as ineligible 
for not meeting the inclusion criteria with respect to operationalizing 
allostatic load as a composite score based on multiple biomarkers across 
multiple biological systems. The final analytic sample of publications 
that were eligible for inclusion was 395. 

7.2. Trend in total number of publications 

Fig. 2 displays the total number of publications per year from 1997 (i. 
e., the first year with publications that met the inclusion criteria) 
through February of 2021. It also includes a trend line showing the 
exponential growth in research that utilizes the allostatic load frame-
work to measure biological dysregulation. The growth was slow at first, 
but beginning in 2013—with 22 publications and the first year to sur-
pass the 20-publication milestone—growth continued at an exponential 
rate. 

7.3. Data sources/studies 

The final sample included 395 studies that utilized a total of 425 

Fig. 1. Flow chart of study selection.  

Fig. 2. Trend in allostatic load publications (1997-February 2021).  
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Table 1 
Examples of methods for creating composite allostatic load scores by study.  

Study Range of 
sample 
sizes 

Range of 
biomarkers 

Methods creating allostatic load 
variable 

National Health 
and Nutrition 
Examination 
Survey 
(NHANES) 
(United States) 

(n =
85–38,000) 

6–14 
Biomarkers 

Sum of at-risk clinical scores1–16 

Sum of at-risk clinical scores 
(dichotomized)17,18 

Sum of at-risk clinical scores 
(trichotomized)1, 19–21 

Sum of at-risk clinical & high- 
risk quartile scores22–26 

Sum of high-risk 
quartiles25,27–52 

Sum of high-risk quartiles 
(dichotomized)41,53,54 

Sum of high-risk quartiles 
(trichotomized)55 

Sum of high-risk quartiles (sex- 
stratified)56 

Sum of z-scores24,57 

Mean of z-scores2 

Other algorithms5,58–63 

Midlife 
Development 
in the United 
States (MIDUS) 
(United States) 

(n =
76–1255) 

11–25 
Biomarkers 

Sum of at-risk clinical scores2 

Sum of at-risk clinical & high- 
risk quartile scores64 

Sum of at-risk clinical & high- 
risk quartile scores (sex- 
stratified)65 

Sum of high-risk quartiles66–71 

Sum of high-risk quartiles (sex- 
stratified)72 

Mean of z-scores2 

Mean of systems level scores 
based on sum of at-risk clinical 
scores73 

Sum of systems-level based on 
biomarker high-risk 
quartiles74–92 

Sum of systems-level based on 
biomarker high-risk quartile 
(dichotomized)93 

Sum of systems-level based on 
biomarker clinical and high-risk 
quartile94,95 

Other algorithms96 

2000 Social 
Environment 
and 
Biomarkers of 
Aging Study 
(SEBAS) 
(Taiwan) 

(n =
521–1023) 

10–20 
Biomarkers 

Sum of at-risk clinical & high- 
risk quartile scores97,98 

Sum of at-risk clinical & high- 
risk quartile scores (sex- 
stratified)65,99 

Sum of high-risk quartiles100,101 

Sum of high-risk quartile (sex- 
stratified)99 

Sum of high-risk deciles102,103 

Other algorithms99,104,105 

MacArthur Study 
of Successful 
Aging (MSSA) 
(United States) 

(n =
171–874) 

10–16 
Biomarkers 

Sum of high-risk 
quartiles106–110 

Sum of high-risk quartiles 
(dichotomized)111 

Sum of weighted biomarker 
values112,113 

Boston Puerto 
Rican Health 
Study (BPRHS) 
(Boston, 
Massachusetts) 

(n =
787–1387) 

5–11 
Biomarkers 

Sum of at-risk clinical 
score114,115 

Sum of at-risk clinical scores 
(dichotomized)116 

Sum of at-risk clinical scores (5 
categories)117 

Sum of at-risk clinical & high- 
risk quartile scores118–123 

Sum of high-risk quartiles124 

Sum of high-risk quartiles (sex- 
stratified)125 

Jackson Heart 
Study 
(Jackson, 
Mississippi) 

(n = 2670- 
5306) 

11–17 
Biomarkers 

Sum of high-risk quartiles126 

Average of biomarker z- 
scores127,128 

Mean of systems-level scores  

Table 1 (continued ) 

Study Range of 
sample 
sizes 

Range of 
biomarkers 

Methods creating allostatic load 
variable 

based on mean of biomarker z- 
scores129 

Sum of systems-level scores 
based on mean of biomarker z- 
scores130,131 

English 
Longitudinal 
Study of Aging 
(ELSA) 

(n = 1263- 
6123) 

8–13 
Biomarkers 

Sum of high-risk 
quartiles132–136 

Sum of high-risk quartiles (sex- 
stratified)137,138 

Other algorithms139 

Northern 
Swedish 
Cohort 

(n =
673–1071) 

12 
Biomarkers 

Sum of systems using biomarker 
high-risk tertiles (sex- 
stratified)140–144 

Copenhagen 
Aging and 
Midlife 
Biobank Study 
(CAMB) 
(Denmark) 

(n = 1648- 
5512) 

9–14 
Biomarkers 

Sum of at-risk clinical 
scores145,146 

Sum of at-risk clinical & high- 
risk quartile scores147 

Sum of high-risk 
quartiles148–151 

Whitehall II 
Study (United 
Kingdom) 

(n =
563–7007) 

9–10 
Biomarkers 

Sum of at-risk clinical score152 

Sum of at-risk clinical & high- 
risk quartile scores153–156 

Other Studies* (n =
2–7007) 

6–21 
Biomarkers 

Sum of at-risk clinical 
scores2,156–167 

Sum of at-risk clinical scores 
(dichotomized)168,169 

Sum of at-risk clinical scores 
(trichotomized)170 

Sum of at-risk clinical scores 
(sex-stratified)171 

Sum of at-risk clinical & high- 
risk quartile scores172–179 

Sum of at-risk clinical & high- 
risk quartile scores (sex- 
stratified)65 

Sum of high-risk 
quartiles155,160,180–314 

Sum of high-risk quartiles 
(dichotomized)315–326 

Sum of high-risk quartiles 
(trichotomized)374 

Sum of high-risk quartiles (sex- 
stratified)155,327–338 

Sum of high-risk quartiles 
(trichotomized) (sex- 
stratified)339–340 

Sum of z-scores155,264,305,341–353 

Mean of z- 
scores2,155,211,238,274,354–361 

Sum of systems-level based on 
biomarker high-risk 
quartiles155,362–366 

Sum of systems-level based on 
biomarker high-risk quartiles of 
health controls367–369 

Sum of systems-level based on 
biomarker Z-Scores2,370 

Other 
algorithms65,155,160,190,371–399 

Note: Few of the included publications utilized clinical populations. The ma-
jority of publications were based on larger, community-based research studies 
(e.g., NHANES, MIDUS). Of the 134 publications from those labeled as “Other 
studies,” only 32 were identified as utilizing samples from clinical populations. 
Articles below that are marked with an asterisk (*) have multiple algorithms for 
allostatic load scales, therefore they are in the table multiple times. 
1Borrell et al. (2020)*, 2Patel et al. (2019)*, 3Beyer et al. (2018), 4Mays et al. 
(2018), 5Santos-Lozada and Daw (2018)*, 6Santos-Lozada and Howard (2018), 
7Howard & Sparks (2016b), 8Howard & Sparks (2015), 9Rosenberg, Park, & 
Eldeirawi, (2015), 10Evans, Rice, Teuschler, & Wright (2014), 11Bird et al. 
(2010), 12Borrell, Dallo, & Nguyen (2010), 13Crimmins, Kim, & Seeman (2009), 
14Sabbah, Watt, Sheiham, & Tsakos (2008), 15Seeman, Merkin, Crimmins, 
Koretz, Charette, & Karlamangla (2008), 16Crimmins, Kim, Alley, Karlamangla, 
& Seeman (2007), 17Chen, et al. (2014), 18Merkin et al. (2009), 19Langellier 
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et al. (2021), 20Leung and Zhou (2020), 21Masterson & Sabbah (2015), 22Tierney 
(2020), 23Ahrens et al. (2016), 24Howard & Sparks (2016)*, 25Kobrosly et al. 
(2013)*, 26Yang & Kozloski (2011), 27 Akrivos et al. (2020), 28 Li et al. (2020), 29 

Obeng-Gyasi (2020), 30Ghimire et al. (2019), 31Yellow Horse and Santos-Lozada 
(2019), 32Bey et al. (2018a), 33Bey et al. (2018b), 34Rodriquez et al. (2018), 
35Accortt et al. (2017), 36Bruce et al. (2017a), 37Bruce et al. (2017b), 38Utu-
matwishima et al. (2017), 39Frei et al. (2015), 40Upchurch, Rainisch, & Chyu 
(2015), 41Hux, Catov, & Roberts (2014)*, 42Zheng et al.(2014), 25Kobrosly et al. 
(2013)*, 43Morrison et al. (2013), 44Rainisch & Upchurch (2013), 45Zota, She-
nassa, & Morello-Frosch (2013), 46Slade, Sanders, & By (2012), 47Chyu & 
Upchurch (2011), 48Bellatorre et al. (2011), 49Kaestner et al. (2009), 50Ger-
onimus et al. (2006), 51Allsworth, Weitzen, & Boardman (2005), 52Crimmins 
et al. (2003), 53Doamekpor & Dinwiddie (2015), 54Borrell & Crawford (2011), 
55Cedillo et al. (2021), 56Duru et al. (2012), 57Levine & Crimmins (2014), 
58Liang et al. (2020), 59Shirazi et al. (2020), 60King et al. (2019), 61Li et al. 
(2019), 62Theall, Drury, & Shirtcliff (2012), 63Beydoun et al. (2019), 64Brooks 
et al. (2014), 65Glei et al. (2013a), 66Goldwater et al. (2019), 67Bei et al. (2017), 
68Kang & Marks (2014), 69Karlamangla et al. (2014), 70Seeman et al. (2014), 
71Song et al. (2014), 72O’Shields and Gibbs (2021), 73Woods et al. (2020), 
74Carbone (2020), 75Charles et al. (2020), 76Kim & Luke (2020), 77Seeman et al. 
(2020), 78Van Dyke et al. (2020), 79Piazza et al. (2019), 80Rodriguez et al. 
(2019), 81Ong et al. (2017), 82Swartz (2017), 83Zilioli et al. (2017), 84Hamdi, 
South, & Krueger (2016), 85Robinetteet al. (2016), 86Slopen et al. (2016), 
87Friedman et al. (2015), 88Priest et al. (2015), 89Zilioli et al. (2015), 90Mori 
et al. (2014), 91Chen et al. (2012), 92Gruenewald et al. (2012), 93Vadiveloo et al. 
(2017), 94Carbone (2020), 95Priest (2019), 96Patel (2019), 97Glei et al. (2013b), 
98Seeman et al. (2004), 99Seplaki et al. (2006)*, 100Hu et al. (2007), 101Dowd & 
Goldman (2006), 102Hwang et al. (2014), 103Glei et al. (2007), 104Chiu & Lin 
(2019), 105Seplaki et al. (2005), 106Seeman et al. (1997), 107Seeman et al. 
(2001), 108Seeman et al. (2002), 109Seeman et al. (2004), 110Gruenewald et al. 
(2009), 111Maselko et al. (2007), 112Karlamangla, Singer, & Seeman (2006), 
113Karlamangla et al. (2002), 114McClain et al. (2021), 115Todorova et al. 
(2013), 116Sotos-Prieto et al. (2015), 117Mattei, Bhupathiraju, & Tucker (2013), 
118Noel et al. (2021), 119Cuevas et al. (2019), 120Jimenez et al. (2015), 121Are-
valo, Tucker, & Falcon (2014), 122Mattei et al. (2011), 123Mattei et al. (2010), 
124McClain et al. (2018), 125Lopez-Cepero et al. (2020), 126Beckles et al. (2019), 
127Lunyera et al. (2020), 128Lunyera et al. (2019), 129Zhao et al. (2021), 
130Gillespie et al. (2019), 131Hickson et al. (2012), 132Van Deurzen & Vanhoutte 
(2019), 133Ding et al. (2017), 134Sibille et al. (2017)*, 135Daly, Boyce, & Wood 
(2015), 136Grundy & Read (2015), 137Coronado et al. (2019), 138Read & Grundy 
(2014), 139Hintsa et al. (2015), 140Gustafsson et al. (2014), 141Westerlund et al. 
(2013), 142Gustafsson et al. (2012), 143Westerlund et al. (2012), 144Gustafsson 
et al. (2011), 145Dich et al. (2015a), 146Clark et al. (2014), 147van Deurzen et al. 
(2016), 148Christensen et al. (2019), 149Christensen et al. (2018), 150Hansen 
et al. (2016), 151Hansen et al. (2014), 152Magnusson Hanson et al. (2020), 
153Deen et al. (2020), 154Zsoldos et al. (2018), 155Dich et al. (2015b), 156Dich 
et al. (2014), 157McLoughlin, Kenny, & McCrory (2020)*, 158Adynski et al. 
(2019), 159Ding et al. (2019), 160Mao et al. (2019)*, 2Patel et al. (2019)*, 
161Morales-Jinez et al. (2018), 162Calcaterra et al. (2017), 163Hintsa et al. 
(2016), 164Slopen et al. (2014), 165Juster et al. (2013a), 166King, Morenoff, & 
House (2011), 167Worthman, & Panter-Brick (2008), 168Macit et al. (2020), 
169Gay et al. (2015), 170Rodriguez et al. (2020), 171Petrovic et al. (2016), 
172Copeland et al. (2020), 173Kerr et al. (2020), 174Ross et al. (2020), 175Dich 
et al. (2017), 176Doan, Dich, & Evans (2016), 177Dich, Doan, & Evans (2015a), 
178Dich, Doan, & Evans (2015b), 179Carlsson et al. (2011), 180Evans and De 
France (2021), 181Kerr et al. (2021), 182Cave et al. (2020), 183Falcao Freire et al. 
(2020), 184Fazeli et al. (2020), 185Freire et al. (2020), 186Hare et al. (2020), 
187Hughes Halbert et al. (2020), 188Iyer et al. (2020), 189Lateef et al. (2020), 
190McLoughlin et al. (2020)*, 191Sun et al. (2020), 192Tian et al. (2020), 
193Wallace et al. (2020), 194Allen et al. (2019a), 195Allen et al. (2019b), 
196Calcaterra et al. (2019), 197Cedillo et al. (2019), 198Chandola et al. (2019), 
199D’Alonzo et al. (2019), 200Doan et al. (2019), 201Egorov et al. (2019), 
202Karimi et al. (2019), 203Mazgelytė et al. (2019), 204McGowan and Norris 
(2019), 205Niedzwiedz (2019), 206Nuño et al. (2019), 207Ribeiro et al. (2019a), 
208Ribeiro et al. (2019b), 209Rollings and Evans (2019), 210Sims and Coley 
(2019), 211Suh et al. (2019)*, 212Tobin et al. (2019), 213Tan et al. (2019), 
214Thomas et al. (2019), 215Barr et al. (2018), 216Barrett et al. (2018), 
217Chandola and Zhang (2018), 218Chyu & Upchurch (2018), 219Cristensen et al. 
(2018), 220Crook et al. (2018), 221Kim et al. (2018), 222Lewis et al. (2018), 
223Matzer et al. (2018), 224Noser et al. (2018), 225Ottino-Gonzalez et al. (2018), 
226Savin et al. (2018), 227Savransky et al. (2018), 228Soltani et al. (2018), 
229Taylor et al. (2018), 230Vaccarino et al. (2018), 231Wong et al. (2018), 232Ye 

et al. (2018), 233Bae & Wickrama (2017), 234Berg et al. (2017a), 235Berg et al. 
(2017b), 236Chiappelli et al. (2017), 237Hill et al. (2017)*, 238Hux et al. (2017), 
239Maloney et al. (2017), 240McKee et al. (2017), 241Robertson et al. (2017), 
242Rote (2017), 243Savransky et al. (2017), 244Tan et al. (2017), 245Thayer et al. 
(2017), 246Turner et al. (2017), 247Viljoen et al. (2017a), 248Viljoen et al. 
(2017b), 249Ye et al. (2017), 250Beckie, Duffy, & Groer (2016), 251Brown, 
Turner, & Moore (2016), 252Cobb et al. (2016), 253Evans (2016), 254Gale et al. 
(2016), 255Harding et al. (2016), 256Juster et al. (2016a), 257Juster et al. 
(2016b), 258Juster et al. (2016c), 259Kusano et al. (2016), 260Levine et al. (2016), 
261Lipowicz, Szklarska, & Mitas (2016), 262Robertson & Watts (2016), 263Sala-
zar et al. (2016), 264Stapleton, et al. (2016), 265Tomfohr, Pung, & Dimsdale 
(2016)*, 266Traunmuller et al. (2016), 267Turner, Thomas, & Brown (2016), 
135Daly, Boyce, & Wood (2015), 268Horan & Widom et al. [81], 269McClure et al. 
(2015), 270Nugent, Chiappelli, Rowland, & Hong (2015), 271Upchurch et al. 
(2015), 272Doan, Dich, & Evans (2014), 273Hux & Roberts (2014), 274Hill et al. 
(2014)*, 275Jung et al. (2014), 276Kobrosly et al. (2014), 277Santacroce & 
Crandell (2014), 278Seeman et al. (2014), 279Bahreinian et al. (2013), 280Carroll 
et al. (2013), 281Glover, Williams, & Kisler (2013), 282Brody et al. (2013a), 
283Brody e al. (2013b), 284Kim (2013), 285Sjors et al. (2013), 286Crews et al. 
(2012), 287Fuller-Rowell, Evans, & Ong (2012), 288Juster et al. (2012), 289Juster 
& Lupien (2012), 290Naswall, Lindfors, & Sverke (2012), 291Gallo et al. (2011), 
292Juster et al. (2011), 293Roepke et al. (2011), 294Glover et al., (2010), 295Peeks 
et al., (2010), 296Rigney (2010), 297Bellingrath, Weigl, & Kudielka (2009), 
298Hasson, Von Thiele Schwarz, & Lindfors (2009), 299Szanton et al.(2009), 
300Clark, Bond, & Hecker (2007), 301Crews (2007), 302Evans et al. (2007), 
303Johansson, Huang, & Lindfors (2007), 304Langelaan et al. (2007)*, 305Li et al. 
(2007), 306Sun et al. (2007), 307Glover, Stuber, & Poland (2006), 308Lindfors, 
Lundberg, & Lundberg (2006), 309Kinnunen, Kaprio, & Pulkkinen (2005), 
310Hellhammer et al. (2004), 311Evans (2003), 312Schnorpfeil et al. (2003), 
313Weinstein et al. (2003), 314Kubzansky, Kawachi, & Sparrow (1999), 315Park 
(2021), 316Geronimus et al. (2020), 317Hormenu et al. (2020), 318Thorpe et al. 
(2020), 319Xing et al. (2020), 320Souza-Talarico et al. (2017), 321Widom et al. 
(2017), 322Augustine et al. (2016), 323Ali et al. (2016), 324de Castro et al. (2010), 
325Smith et al. (2009), 326von Thiele, Lindfors, & Lundberg (2006), 327McCroy 
et al. (2020), 328Currie et al. (2019), 329McCroy et al. (2019), 330Scheuer et al. 
(2018), 331Juster et al. (2018), 332Ottino-Gonzalez et al. (2017), 333Barboza Solis 
et al. (2016a), 334Barboza Solis et al. (2016b), 335Bingham et al. (2016), 
336Barboza Solis et al. (2015), 337Nicod et al. (2014), 338Juster et al. (2013b), 
339Gutiérrez-Robledo et al. (2019), 340Castagne et al. (2018), 341Davillas and 
Jones (2020), 342Ottino-González et al. (2019), 343Silva et al. (2018)*, 
344Adinoff et al. (2017), 345Brody et al. (2017), 346Chen et al. (2016), 264Tom-
fohr, Pung, & Dimsdale (2016)*, 347Wickrama, Bae, & O’Neal (2016), 348Chen 
et al. (2015), 349Brody et al. (2014), 350Chen et al. (2014), 351Wallace & Harville 
(2013), 352Mair, Cutchin, & Peek (2011), 305Langelaan et al. (2007)*, 353von 
Kanel et al. (2003), 354Boneva et al. (2019), 355Präg and Richards (2019), 
356Schenk et al. (2018), 357Silva et al. (2018)*, 358Tampubolon and Maharani 
(2018), 359Stephan et al. (2016), 360Vie et al. (2014), 361Hawkley et al. (2011), 
362Berger et al. (2020), 363Currie et al. (2020), 364Piotrowski et al. (2020), 
365Gallo et al. (2019), 366Prior et al. (2018), 367Berger et al. (2018), 368Pio-
trowski et al. (2019), 369Misiak et al. (2018), 370McMillan et al. (2017), 371Currie 
et al. (2020), 372Egorov et al. (2020), 373Hough et al. (2020), 374Jack-Roberts 
et al. (2020), 75Merkin et al. (2020), 376Niño and Cai (2020), 377Forrester et al. 
(2019), 378Moon-Riley et al. (2019), 379Narbutas et al. (2019), 380Buschmann 
et al. (2018), 381Cole et al. (2018), 382Cook et al. (2018), 383Egorov et al. (2017), 
384Nobel et al. (2017), 385Vaccarino et al. (2017), 386Mauss, Jarczok, & Fischer 
(2016), 387O’Campo et al. (2016), 388Gale et al. (2015), 389Mauss, Jarczok, & 
Fischer (2015), 390Widom, Horan, & Brzustowicz (2015), 391Lipowicz, Szklar-
ska, & Malina (2014), 392Merkin et al. (2014), 393Riva et al. (2014), 394Rob-
ertson, Popham, & Benzeval (2014), 395Evans & Fuller-Rowell (2013), 
396Wallace et al. (2013), 397Rogosch, Dackis, & Cicchetti (2011), 398Glover et al. 
(2010), 399Evans & Fuller-Thomas (2009). 

* Examples of other studies include: 1958 National Child Development Study 
(NCDS) (Britain); CAMB (Denmark); Chicago Community Adult Health Study 
(Chicago, IL, USA); Chicago Health, Aging, and Social Relations Study 
(CHASRS); Coronary Artery Risk Development in Young Adults Study (CARDIA) 
(Birmingham, AL; Chicago, IL; Minneapolis, MN; and Oakland, CA, USA); En-
glish Longitudinal Study of Aging (ELSA); Individual Development and Adap-
tation (Sweden); Health 2000 Study (Finland); Jackson Heart Study (Jackson, 
Mississippi, USA); Northern Swedish Cohort. Additional articles were published 
with data collected outside of an identified and names research study. 
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allostatic load algorithms (i.e., some studies utilized multiple algo-
rithms). The final sample did not constitute 395 separate studies that 
collected biomarkers. As displayed in Table 1, the ten research studies 
with five or more publications represent 39% of all the included allo-
static load publications. Furthermore, NHANES and MIDUS, combined, 
represent nearly one-quarter (24.1%) of all the included allostatic load 
publications. 

7.4. Allostatic load algorithm 

A chart displaying the frequency of specific algorithms is displayed in 
Fig. 3. The most common allostatic load algorithm is the sum of 
biomarker high-risk quartiles, which was employed in over half the 
studies (52.5%). The next most common method was the sum of at-risk 
clinical scores (11.1%), followed by the sum of a combination of clinical 
and high-risk quartile values (7.3%). Systems level scores based on high- 
risk quartile were the next most common algorithms (6.8%). Other, less 
common methods included sum of biomarker Z-scores (4.2%), mean of 
biomarker Z-scores (4.0%) and other systems-level scores based on 
biomarker at-risk clinical scores (0.2%), z-scores (1.2%), or other 
systems-level calculations (1.2%). 

7.5. Specific biomarkers 

The frequency of individual biomarkers was tabulated across publi-
cations with results displayed in Fig. 4. Heart rate (99.7%), systolic 
blood pressure (95.2%), diastolic blood pressure (91.1%), HbA1c 
(79.7%), HDL cholesterol (79.0%), and C-reactive protein (72.7%) were 
the most commonly employed biomarkers. This was followed by waist- 
to-hip ratio (64.3%), cortisol (62.3%), body mass index (61.8%) and 
total cholesterol (56.5%) as the remaining biomarkers that were used it 
at least half of the included studies. 

8. Discussion 

The sum of at-risk biomarker values was by far the most common 
approach to creating an allostatic load score. While many researchers 
utilized clinical values, the use of high-risk quartile based on the sample 
distribution (as originally utilized by [58]) appears to be the “go to” 
method for most researchers (52.5% of all studies included in the re-
view). Such an approach is problematic for multiple reasons. As noted by 
Gruenewald et al. [28], this creates an uneven distribution of the impact 
of specific biological systems. For example, if five biomarkers of immune 
function are included and only two measures of HPA function are 
included, immune function will have an outsized impact on the total 
score. While there may be theoretical justifications for weighting one 
system more than another, this is rarely—if ever—explicitly stated, let 
alone justified in publications. A second concern with this approach, as 
previously noted, is that it is sample-dependent. This makes it difficult to 
compare allostatic load scores across studies that employ different 
samples. Finally, the use of high-risk quartile, as opposed to tertiles, 
deciles, or other method—is rather arbitrary, as neither theory nor ev-
idence to date suggest there is something unique about the most at-risk 
25% of the population [17]. Furthermore, allostatic load is meant to 
represent biological dysregulation in general. Although some re-
searchers split the high-risk quartile into the highest and lowest 12.5% 
for variables such as cortisol, one could argue that such an approach 
could be valid across many additional biomarkers. 

9. Recommendations for future research 

Allostatic load research has evolved over the past three decades. 
While the results of this review demonstrate the exponential growth in 
research that utilizes allostatic load theory, there is a need to improve 
and grow the measurement and statistical methods employed in this 

Fig. 3. Pie chart of allostatic load algorithms included in the present study. 
Abbreviation: high risk quartile of the sample distribution (HRQ). 
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research in order to facilitate a move into the next generation of allo-
static load research. Such research should include (1) a more nuanced 
understanding of the biological dysregulation that underpins the 
concept of allostatic load and (2) an orientation towards clinical im-
plications of this research. 

9.1. Moving measurement forward 

In order to formulate a more nuanced understanding of allostatic 
load, advances in the algorithm used to calculate and apply the concept 
of allostatic load are sorely needed. Part of this is based on the need to 
understand the drivers of the allostatic load score. A handful of re-
searchers have moved beyond systems scores and begun to use more 
advanced data analysis techniques such as latent class analysis (e.g., 
[11,24]) to better understand the latent classes or groupings behind a 
cumulative score. Carbone [11] found that within the MIDUS study, 
there were three latent classes of biological dysregulation (para-
sympathetic dysregulation, metabolic and inflammatory dysregulation, 
and SAM pathway dysregulation), yet only the metabolic and inflam-
matory dysregulation group and the parasympathetic dysregulation 
group were found to have a greater risk of depression relative to the 
baseline (i.e., minimal/no dysregulation) group. Forrester et al. [24] 
conducted a latent class analysis of a subsample from the Study of 

Atherosclerosis and found that class membership was associated with 
health behaviors such as physical activity and alcohol use. Future 
research should consider approaches such as latent class analysis for a 
more nuanced understanding of the role of individual biomarkers as well 
as how they interact. 

A limitation of latent class analysis is that it still requires individual 
biomarkers to be dichotomized. Latent profile analysis is another 
approach that provides the same benefits as latent class analysis but 
utilizes continuous data so as not to require the researcher to dichoto-
mize biomarker values. Utilization of this approach in allostatic load 
research has been limited to date (e.g., [7]). Both latent class and latent 
profiles analyses presents their own challenges, including the fact that 
these forms of analysis are inherently exploratory and considerable 
subjectivity is often employed in selecting the final number of classes 
[66]. 

Structural equation modeling with latent variable analyses is another 
approach that has been used sparingly in the literature (e.g., [39]), but 
can better elucidate the nuances in allostatic load scores. This approach 
allows for the use of continuous biomarker values as well as the op-
portunity to integrate biological systems into the analysis while 
modeling the relationships between these systems in addition to re-
lationships between biomarkers. Finally, growth curve modeling of 
biological dysregulation over extended periods of time is another 

Fig. 4. Frequency of individual biomarkers in included publications. 
Abbreviations: dehydroepiandrosterone sulfate (DHEA-S), dehydroepiandrosterone (DHEA), standard deviation of the R-R intervals (SDRR), root mean square of 
successive R-R interval differences (RMSSD), high frequency heart rate variability (HF HRV), low frequency heart rate variability (LF HRV), blood pressure (BP), low- 
density lipoprotein (LDL), high-density lipoprotein (HDL), Homeostatic Model Assessment for Insulin Resistance (HOMA-IR), interleukin-6 (IL-6), Intercellular 
Adhesion Molecule 1 (ICAM-1), tumor necrosis factor-alpha (TNF-alpha), insulin-like growth factor-1 (IGF-1), body mass index (BMI). 
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statistical approach that has had only limited application in allostatic 
load research. Tampubolon and Maharani [70] found a linear trajectory 
of allostatic load among individuals in the United States and also found 
that these trajectories differed by sex. While a handful of other re-
searchers have applied this approach (e.g., [50,75]), there remain op-
portunities to better explicate the development of biological 
dysregulation over time, especially as the availability of panel data with 
numerous data collection time points becomes more readily available. 

In addition, algorithms that utilize sex-specific biomarker distribu-
tions is an important area for future research. Some scholars have 
employed this approach (e.g., [33,64]), but research in this area to date 
is fairly limited and additional work, including additional exploration of 
what biomarkers are most relevant and what is considered dysregulation 
by sex, is needed. Such work would have clearer clinical implications 
and applicability, and align with the National Institutes of Health Rigor 
and Reproducibility Guidelines [74]. 

9.2. Improving clinical applications 

Arguably the most important advance in measurement will focus 
more on change over time and not differences within groups. Currently, 
the MIDUS study is collecting its second wave of biomarker data from 
study participants. To date, one of the most significant limitations of 
allostatic load research relates to the cross-sectional nature of the ma-
jority of studies. Few allostatic load studies to date have employed a 
longitudinal approach, though this is changing as more studies are 
designed to utilize longitudinal cohorts (e.g., [8,16,18,70]). Indeed, this 
remains a weakness in allostatic load research. In addition to being able 
to explore the temporal ordering of allostatic load relative to other key 
variables related to health outcomes, longitudinal data will allow re-
searchers to better explore the role of different biomarkers—and 
changes in those biomarkers—over time. Ideally, multiple biomarker 
samples will be collected over extended periods of time, allowing for 
causal inferences to be made about the role of specific and groups of 
biomarkers as their values change. This will allow for expanded theory 
testing, as it is important to remember that allostatic load is theorized to 
be a pre-clinical condition. If sub-clinical values can be monitored over 
time as biological dysregulation shifts and clinically-identified diseases 
develop, that information can be better utilized to identify individuals 
that are at a greater risk of developing a given disease. The focus on 
change over time will likely make the method of creating an allostatic 
load algorithm less important so long as the same method is employed in 
longitudinal analyses. This is the true clinical utility of allostatic load: 
identifying those at risk of, or experiencing low levels of, biological 
dysregulation and intervening before the development of disease. 

It should be noted that to date, allostatic load has been found to be 
influences by, and associated with, a wide range of clinical and non- 
clinical factors. Another important area of focus that will require addi-
tional research and better integration into the existing literature relates 
to clinimetric measures. Some criteria to date include the identification 
of specific sources of stress or distress as well psychosocial manifesta-
tions (e.g., sleep disturbances, impairment in social functioning, irrita-
bility, restlessness) [21,22]. Clinimetric criteria can provide for a better 
understanding and linkage between the biological changes—as 
measured by biomarkers, the upstream environmental factors that 
induce stress and lead to biological dysregulation, and the downstream 
disease outcomes. Future research should aim to better integrate these 
aspects of allostatic load. 

10. Conclusion 

As allostatic load theory approaches its third decade of study, its use 
in the literature continues at an exponential rate of growth. While the 
theory itself is arguably elegant, the implementation in research has still 
not adequately addressed questions about how the construct should be 
operationalized. Not least of the operationalization issues relate to the 

algorithms used to create the allostatic load scores. This scoping review 
provides a brief overview of the breadth of approaches utilized in the 
literature, but also reveals that the majority of researchers have 
employed some version of a summed score if dichotomized biomarkers 
are based on the high-risk quartile of the sample distribution. As the 
science around allostatic load theory advances, the use of more nuanced 
and advanced statistical analysis techniques can aid in both advancing 
theory and making the results of research more applicable to the clinical 
setting, while informing the development and improvement of 
interventions. 
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