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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 7 weeks. 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
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the effects of the intervention on improving clinical manifestations of diseases.

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 & Windfield,
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% =.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?

CONTACT Marie-Anne S. Rosemberg @ sanon@umich.edu @ Department of Systems, Populations and Leadership, School of Nursing, University of Michigan,

400 North Ingalls, Room 4170C, Ann Arbor, MI, 48109, USA
© 2020 Informa UK Limited, trading as Taylor & Francis Group



520 M.-A. S. ROSEMBERG ET AL.

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-Gonzélez 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. ALl is calculated

Figure 1. PRISMA model to guiding our search and record-keeping approach.
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Table 2. TIDieR criteria evaluation.

Berger Carroll McClain Nuno Soltani Ye
et al. et al. et al. et al. et al. et al.
Criteria (2018) (2015) (2018) (2019) (2018) (2017)
Provided the name or a phrase that describes the X X X X X X
intervention
Described any rationale, theory, or goal of the X X X X X X
elements essential to the intervention
Gave details on materials and information on where X X X X
the materials can be accessed (for example, online
appendix, URL)
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 X X X X X
face or by some other mechanism, and whether it
was provided individually or in a group
Provided details on intervention location including X X X X X
any necessary infrastructure or relevant features
Described the schedule, duration, intensity or dose X X X X X
Explained if the intervention was planned to be X X

personalized, titrated or adapted

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

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, ALl 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.



STRESS 523

(panupuod)

uedpied 3jeway 9y Joj €| 01 OF

woyy pue juedpiued sjew ay) 10 G| 01 | WOl SYIIM £
SHHIIM / JaYe PaIdaMO| sa10ds S| Juedpiyied J9)je UOIUAAII
dewsy 3yl Joj £ 0} 6 woly pue quedpiied ay) Jo pus

3leW 3Y) 10} O} / WOy PIsealddp 3I0ds Ty
*dVNS ul syueddied
14 40 d¥NS Ul Jou syuedpiued aindas
-po0J UBY) S3101S UOIIBWIWE|JUI/AULIDOPUS0INAU
19yb1y pey dyNS panIadal JaAsu pey oym
syuedpiped |4 (90" = d) s210ds uoneWWeRUL
/3ULDOPUIDINBU pue |4 UddaMIdq diysuonefal
ay) pajesspow uonedidived ¢yNs “([07'L-8°0]
78'0) 521025 JB|NJSBAOIPIRD/DI|0qeIaW

3y} 1e pue aujjaseg

*S)SIA INOJ 3y}

Jo yoea 1e pajeadas sem JNO
3y 'sanuIW o€ 4oy (bulusaids
“UOIIRINDIID “SDIURYIAWOI]
‘sojwouolne) |0d03o0.d

24y ay1 buimojjo4 INO

3yl paAIRal Usy) syuedpilied
‘sainseaw dupwodoiyiue
pue sajdwes auun

pue poojq ‘ainssaid poojq
‘ssa11s panladIad papnpul
UOI129][0D BlRp Juljdseg ‘SYIIM
-z K19AS Pajnpayds susl

(SDIL) ssans
s1u04y) oy
K103uaAU| Ja1]
Y3 BIA SSaANS

V/N Pan@diad pue Ty

's9101s Je pooy aseydind
03 syuedpiyied 03 painquisip
9JaM Spied 193 pjoyasnoy ayx

1N0J PIAJOAUL UONUSAIRIUI BY |

“(INODNL) 3udIP3N
J1yyedosisQ

40 3b3]|0) eluioped
Ausisnun oinojg

1e weiboid sduIPS
YiesH [es1pay

Ul 92UdS JO SIRISe
e Ul P3|[0IUD dIaM
syueddiued ylog ‘(€7
obe) uewom auo pue

(s1eak gz abe) uew auQ

siayJewolq Ty

aA1eUasaIdal JO Xapul

9AI13(qo ue ybnoiyy

Y1jeay ||eIdA0 SUdpNIs

a1enpesb uo (INO)

juswieal} annendiuew

ubisap Apnis 1y1edoalso
19[gNns-uIyup  Jo Aded149 ay1 sulwexs o]

(6102) '|e 33 ounN

Apnis 1o0yod ‘uonedpiyed

10U Ing ([9€°Z-ST'L] L£'L) $8101S uonewweul 10j pooy aseydund 0) pasn aiam |euipnybuol dVNS Aq uopesspow
/3ULDOPUIOINRU YbIY yum pajerosse S3ljlwey pue s|enplAIpul SWodul dlewsy %L/ B Wolj ejep 9y} dulwexd 0}
SeM Ty "I9ASMOH “([¥9'L-0£70] £0'L = HO) TV 'sieak g -MO| 0} S}jdusq uontanu ‘sIk G/ 03 Gpy pabe Jo sishjeue pue Ty uo |4 Jo 12943
UM PIJRIDOSSE JOU SeM |4 ‘S9)elIeAOd Joj bupisnfpy  pue ‘sieak z ‘auljaseg VN v sapinoad jeyy wesboud [e19pa4  :s)npe uedly ousnd €€/ K1epuodag Jeuipnyibuol ayY1 191 01 (8107) ‘|e 13 uledW
‘10" = d (8, —800"
1D %S6) 80" = YO ‘syruow-9| Je dnoib s
yb1y ay1 ui buisg Jo pooy1l| Y1 paseardsp
syuawanoidwi Ayjenb daajs ‘suijaseq e 'SYIUOW § 10J IIM Yded “(UUYM %98
$31025 Ty sk ybiy yum syuedpiyied 1o4 ‘syyuow S3SSE|D SAINUIW-0Z | PIAIII ‘sik 99 jo abe abeiane
+ 18 J0ou Inq (50°>d ‘[62°'L—800" ‘D %S6] sdnoub ||y ‘sanssi das|s ‘S]ewW?dy 9%0/) S|041U0d
0L'=Y0) syiuow-9| e ysu ay} padnpal ))| 01 bunnguiuod sio1e) pue SS €7 pue ‘(GUYm %v8 e Adediys
(10>d [699'—S00" ‘ID %S56] 90" = HO) Syuow ‘syjuow-9| auaIbAy das|s ybney ss pue sk 19 jo abe abeiane SAnesedwod "BIUWOSUl YUM S)npe
-9 e pue (oL > d ‘[Zt'L—€0 ‘D %S6] LT je pue ‘uonajdwod ‘lesnose pue uonduny |edisAyd ‘3]ewsdy %%9) HIL ul pajj013u0d J3p|o Ul Ty 3dnpal
= [YO] 01eI SppPo) syuow- e dnoib Ty ysu UOIUIAIR}UI I3y 10J3u0d 0} paubisap SsJUBWIAOW 6€ ‘(QUYM %/8 ‘sik 59 paziwopuey pue Ayjenb das|s
yb1y ay1 ui buiag Jo ysu padnpal | g syuow 13k | ‘syuow 10Sd ay1 paced-mo|s 1ybney JH] ‘Auande Jo 9be abesane ‘djewdy e wolj eyep anoidwi 01 s|013u0d
-91 1B SS ueyl $a103s Ty Jamo| Ajpuediubis - 18 UO[JUaAIdIUI Aq ainseaw 9AIUBO> pue poow dnoidwi 0} %6/) 19D Ul eluwosu; Jo sisjeue SS pue ‘D ‘19D jo
pey (100" = d) 19D pue (40" = d) DD ylog 19}y ‘auljaseg v Auenb dasjs  salbajenrs |eoineyaq ybnel 19 YUM S}npe Iap|o /i Kiepuodas  £oediya ayy asedwiod of (5107) "|e 19 |josed
'soioydAsd-nue
uofjesauab-puodas
‘(100 > d ‘syuswssasse dn-mojjoy YUM Judwiean}
}99M-Z| PUB 9 PUB JUI|ISE] UIIMID]) JudWileals} '(siK 9¢ jo abe 0} asuodsai ul Ty
194 Apuedyiubls pasealdap 1y ‘d34 pue 1o 7S abeiane ‘djewsy %s) J0 so1weukp jeiodway
yum syuaned ul (g0l = d “(9LO0-Lby'0— 1D DH €5 pue ‘(sik g€ 3y} aulwexa o]
%56) ¥ZT0— = Y paisnipe) 1y yum paie[a.10d JUBWISSISSE JUIISe] Jo 9be abesane ‘djewdy (Z ‘SOWO0dIN0 JUBAI|RI
AjpAnebau sem bujuonduny [eosoydAsd (100" 1aye syuaned o) usAIb aiam %9%) d34 yum siuaned |ed1Ul Yyum pajeldosse
> d (SLL0~£¥T0 1D%S6) 0LS'0 = Y paisnipe) (surdenanb pue suidezue|o 8¢ '(si ov jo abe pue 434 pue 705
TV Yyum paeja110d ApAnisod asam swoldwiAs syPam z1 ‘auopuadsi) sonoydAsdiue abeiane ‘ajewsy %e) ubisap Apnis yum syuaned ur Jaybiy
7S annisod ‘bupjows pue xas ‘abe 1oy bunsnfpy pue 9 pue auljaseg VN v uo1eIBURB-PU0IDS BY) JO BUQ 705 yum syuaned gz Jeuipnubuot  sI Ty JI debnsaaul o] (L (8107) '|e 10 Jabiag
sbuipuly ulepy awn S9W0dIN0 S9Wo0dIN0 SUOIIUDAIU| sonsuaeleyd dwes  ubisap Apnis sasodind Apnig 1eak pue Joyiny
JUBWISSDSSY Kiepuodas Krewnd

‘S|lel9p UOljUaAILU| ‘€ °|qe]



AL
ET
EMBERG
S

RO

M-A. S.
524

h
searc
| re an
igina L as
rig A use
ria re O) had beca ed
rite we -3 iction let
Ci ex; ct p e
ion they ind stri com wer
Xclus f 'I) e AL me re been ticles r AL
e. 1N iv a t r
nd ded ulat imefr. d nO' s. A re fo AL
'on a . clu cum a tl ha udle SCo d at n
lusi n d a ve iew Il st site oke nt a
C re ha \Y a (o} lo
In e de re e s
S W R Clu not h a ture Omp they Iem wa
a 4 icle ) in id uc cap ac hat imp here
&L Art ts; 2 ed hat s to have dt not 4) t
5 re tcom rstood Wandid n ment r; 2) glish
‘53 S ou nde an 1) icles .Catof En
_Q= o u | y rtic indi N
5 - Qer—u we.usy. he a indi n
; ;’8§§ 2ES revio d if tsome one writte irst, a
PR gT £ o8 g P clude ple, d on not Flrsr;at
g s <5 £g 3 ex am use ere : ps. t
2 5T g RN E’ & C'E Z For eXI foc 3) w Il text o St-eators late
cégvf“.jéésxﬁ £53 tony;on? e fu ,gtW.ndIC e
? 3 283 =5 ﬁ@“:s .52 5 r N erent to th SN e Teheck"
£ 3 m*‘aeﬂ »UC5~,_ af3 ’ -
E 5% : g5 ¥ 55 E 2%d 8 §E 2 '”teacceSS the datrec°rd cO”dI'DieR) Ctervend
o 1 2 ) o o ,_,,-.T,A 3 7 e in e
m'guw§§”+%m%ﬂvace<r~8 it no . d to 5 (T e idat
xm.,sg ,—‘5: v;“’ -‘Eﬂwo'o E’)o P c on cte d 'Cle' ion th ||d T
Sﬁaatggoo“ggﬁeugto m.“—’c ct tra € rti icatio te SO IRI
iﬁ; -S%‘gﬁ i @;i‘&?% g’gg a ; o Zg S extra rs eXdeVelopaCh aRepllcavaIua e Cond Spion
] vv S e 1) was o and dto el o rention
e mm$0§>8m‘_cgu~8-ﬂE g2 s 1 eX.n e d T te an
U’L"wﬁgma‘”tmg E‘j%"’g‘é’g _::EU re ind.t|0 us ire OR In ity
£ vaa“e“’;aw"wf:% =<3 ree ble L rip as insp NS for lari ion
c?z::w.—gz 32 9>~Af_:9:g.E’E N .-_o,c Th (Ta A sC w. in (0] s fc nt
cve*wgzweuvmsc 2 g s he De 2) s (C ion o e |
¢ §m huC‘v —%95 Sm i8S A |e t a tio e rv al.,
“-s°’a~heawcm>%gmw 24 528 ab p ion IG.RW-IS da S inte t
c Cu,\.w ou;d:‘__!‘” 8 - S £ 9] NS t u tio b e ia an N e
§ %%C”’; gég : g*é i %gg agg £ é Hni‘% maclieterven(see T3a) TID.Ing T:)mme?mportting ofmpbe“
°© o2 -GEQ.; ’“CU‘.,N“ '>~Dm n . . ti C r a
w£n~>awuo =w‘é§5 N g2 r de le r Re he o] (C
g 25z g =2 825 g o i b o . ize t
“§2§§§;m 95“%§§8%§? T dgueTaf Reptems' e rcomes
2izit %aén:szae“ =3 fions (se ool phasize . utc
3t EEiT 2355 g§g¢ tion ards rotoc ich emript'° ted o
g 8 g £33 = d 2 hi C la
T © K] ] v = EQ an d W des -re ) er
o Tgs—"’ - m<-° St dar of e ion 17 r9
e 22 |2 = h of wii o (Bergs
“ s _le [ S S tan t in n . ) no
p s A z m@’aé ;E g (SiaIS) bZnCy Iinterv]3 2014 revlev;,& N es
= .9u§ 2 O‘Ean_.c'c ;:C'E r r al., . iz
g < %é Sgég g'é 28 ; g@ < :crranspa(‘)IS andnn et in this al., z?nple SWas
g 558 %555 g cg< C a t a L
Eem°w3 Uag‘é’?}a‘ u:;g to ffm ed, e S A t-
g E wv“°° cew<E =C 2 ro_ o} d in 7). . u
g S22 S8 gz & 23 2018: H . incluMCCIal 201enti°nsdary Obi_
< 2 g3 g3 2 er 15; t al, v on omb
@ = w‘—fn Wi 0 e inte ec C IX
© EQD icles . 2 - Ye | in rs ious s
= ,~< ic al., 8, al )O ro he .
T L S rt 1 8 a t i
T T It ix a et 0 SS 1 V S ind
2 . os =8 g Resu | of S'XCarrOII t al, 23 acro al, 2oenti°n' acrosight 'rl al
< £ 5] RS s 5 ) s . i e 3 . t Vv index e in e
'g S ;‘g ga g*g S A tota2018'so|tanland 7C|a'nhee inte;‘L In(:s) hachlaln) had
= S 3 o5 B . C ;M 7 |
g 3 g8 T |2 -4 al,, 19; 2 M rt he 20 0 01 a
Da . m‘E%-ﬁ < g t 0 en ,, fo t L., 10; 2 et
39 « 83, S @0 $.§;g 3% o e al,, 2be'CWe ry (e’92017) e up Il et a) had t al, rger po-
3 £8 b= s £5 59 52 = et ied rima al., mad Carro 2018 (Ye e d Be comp e
5|g =% 28835:’8%% R ari P et s ( | I n ° fiv
4] g 2 |Q'_‘-‘:-£Em =AY Ogg V a e tor al al., al. a n he _
aE-wmgg ogEs.Eq %sgg C'c*—’ ither Y ica t i et et 20, ere t 3
s £ 39g~ v ~~m98c§w§m~a =R eit (i.e"~d' Il'e ni Ye ad w all rsy
E S g g 3. ;““;nm,gg.: Cm<z(*"E, e f in rro Ita 1; h re s la he
T 5 s 23 g 5B w-c.ew v g S m o Ca (So [y 19) The 0s cu t
a°4 2 a,.s>-8 ﬁ%‘szééga?a‘”U con s s. I d 0 cros as m
= ] meu R "‘Um C:m—‘-‘{m on ion t a ha 2 rs. a iov ro S-
wéwwfw 2235 me;e.ﬁ ti tio ie ) I.,.to d rd f.sy
3 >§§§% ;égi £42 §§Z§§ g5 8 g B3 niervegouan'l 201?0 e'fzaind'catIy Ustehe ca CRPaboIIC and
Q?ﬁ;gx;AUS::& E&g:Agg._m U-E~= in s; al., Nun 2 isten m tem, et 1 t
-c.zt~‘~—85°=> °3.988o“ £ €. tors; et I ( ad sis fro sys m ble en
%%35557:-0,9‘) E:mw—*—' E\—> ca in a Yh on P ine the a n
-c,_,ou ‘“3‘55‘ N'gmo ,—“U’.g Cla et 18 C DB rin (T o]e] i0-
o gg-csEu:sw LEY . wS— C no 20 AL C om ies m dio
"’<-8me 32.‘:“’ o = < S (M n | f d do fr di co I
Cn—ov mmemC T X ,.D': Nu al, (o) an n 1c tu L ca
2 ~—°“‘~~'°:‘"—° 3 . ¢ o t P oe A s A e S
E|s S E 00555 3 C._lrQ Uu. 4, e rs B I b ) f th m
c o_iuwgou. Qo K4 ‘”oq Ic_l 1 er to S eu H five (o] . ste f
wn‘m—EE“;eaoc’ o g“'o .~f00 rg ica er, n nd ions |n9, sy [e}
2 ﬁvSasw—m“ - £ ggo 228 (Be ind ev the La the tio lud lic ur
fBﬁgfgf?%; g2 g 88::._ S'EL‘ t ow m HD of ina inc bo Fo ile
c wz_c S m‘—_“’w,ﬁmxv ;<8 en H fro d r b S, ta ies. nt
= 3'3»‘=SU E;ﬂm%.&wwm ] g n ies. isol n fou om m me di ce .
s so 258 g8 > c S di iso a . C te d tu er lin
e s’“gﬁ’%%s 39u stu ort em, d in nt sys na m S p c
- = 4 < E= (S a IX le d
5 525 &8¢ e g $EY ¢ yst de iffer dy e, > P e
,m.; £ S) = m, S u i [} n e m S
°© g g 285 52 g te une incl ite d ur b. mu in t_hhin'sa ou Il
E g?ggz 253 imm ere Desp he fo & 1m dex wit g tw ed a
S| E zg cE e W t ine, in ewit in SS e
k> 5 e - m ). of cr L th In re on
= £3 N & % g t? ure 25 all endo the A sing rema ies add le, n or
£ ?-Eo d-_o.:ﬁ F'g. tors, uro in AL u the die amp. nn f
g BF T 83 .nd|ca| by red hile he st”For erventio se 0
] g - s 3 [ ar, e (¢] ve r
S S NS = o . £ Cu res SC w f t ist. inter ou er
>%s Sa 3 vas pres les AL, o kli in c rq
@ g SN 9_»<U v re tic e ec the (Be
[=% o N .:Zm re ar re on ch he .
& 5 5 §i§ we five to sco two, niDeR to tdu"'n?hel’apy
g . 2 32 823 the f g ble he Ti ot ug
£ e jam) og & 3 & nkin ffs. ta f t fide di dr
= “592-0 2 ~E§§Z y'\iﬂr—q ra uto in ts o or mo ded
2 ‘g»-gg ~8~$>£ u‘gg ical c een nen ce WaS_c|u
3 g%ggn Eé_gg‘gé V'-c:“é £ ic As s mpo eren tion- nsin
>E%'° Ug.;-cg‘g mo&’ co dh en tio
S ] ) =N = 2 a V n
3 X GJG‘D Y '-'-_-o th se n inte
” ESJE‘%B s'xg dres the e in
H 5832 £8: adethET ct. Th
gleg3 2 ?:5&{ wh proje
255y g <5 the
Sle g5 g3
g 288 g
S| £< g - =
© D-E, ~
=] < © =y
& o S
o
= =
©
—_ (U
. ) <L
2 g5
S 7] o
c > —
= g =
S 5|2
[}
e <<
-]
]
-



Waist circumference

Body mass index
Waist-to-hip ratio
enRAGE****

HbA1c***

Fasting glucose

Insulin

Total cholesterol
Low-density lipoprotein (LDL)
High-density lipoprotein (HDL)
Triglycerides

CD4+/CD8+

Red blood cell count

White blood cell count
E-selectin

C-reactive protein (CRP)
TNFa*™*

Interleukin-6 (1L-6)

Serotonin

DHEA-S*

Norepinephrine/normetanephrine

Indicator

Epinephrine/metanephrine
Copeptin

Cortisol

Hemoglobin

Standard deviation of R-R interval
Fibrinogen

Creatinine kinase

Diastolic blood pressure

Systolic blood pressure

Heart rate

o
-

Figure 2. Frequencies of AL indicators across studies.

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)
(Nuno 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 (Nuno 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; Nuno
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;
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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 (p=0.04) and cognitive
behavioral theory (p=0.001). The improvement (reduction in
AL scores) began to show as early as 4months in the CBT
group (odds ratio [OR] = .21 [95% Cl, .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
12 months (From 0.75 to 0.90) (Ye et al., 2017). Nuno 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 (Nuno
et al,, 2019). McClain and colleagues’ federal nutrition assist-
ance program study did not show improvement in AL
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Interventions

Osteopathic manipulative
treatment (OMT) (Nuno et
al, 2019)

7 weeks follow-up

Second-generation
antipsychotics (risperidone,
olanzapine and quetiapine)

12 weeks follow-up

Cognitive Behavioral
Therapy (CBT), Tai Chi Chih
(TCC), and Sleep Seminar
(SS) (Carroll et al, 2018)
16 months follow-up

(Berger et al 2018)

Socio-

l+

Allostatic

5 years follow-up

ecological T_ + T Load (AL)
stressors -——— = = - B re—— -~
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[ 2018) | p12g i I (McClain etal, 2018) |
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~

+ indicate interventions yielding significant decrease in AL

- Indicate intervention with no change in AL
Figure 3. Intervention targeting AL.
(McClain et al.,, 2018). Soltani and colleagues’ study (Soltani
et al., 2018) showed no significant difference between the
two diet intervention groups (p =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 4 months 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 .13) at 2months to 0.90
(p < 0.001) at the end of the intervention at 12 months. Nuno
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.



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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