
Bipolar Disorders. 2020;00:1–11.     |  1wileyonlinelibrary.com/journal/bdi

 

DOI: 10.1111/bdi.12927  

O R I G I N A L  A R T I C L E

Allostatic load, emotional hyper-reactivity, and functioning in 
individuals with bipolar disorder

Aroldo A. Dargél1,2  |   Stevenn Volant3 |   Elisa Brietzke4  |   Bruno Etain5,6  |   
Emilie Olié5,7 |   Jean-Michel Azorin5,8 |   Sebastian Gard5,9 |   Frank Bellivier5,6 |   
Thierry Bougerol5,10 |   Jean-Pierre Kahn5,11 |   Paul Roux5,12,13  |   Valerie Aubin5,14 |   
Philippe Courtet5,7 |   Marion Leboyer5,15,16 |   Chantal Henry1,5,15,16  |   The FACE-BD 
collaborators
1Institut Pasteur, Unité Perception et Mémoire, Paris, France
2Centre National de la Recherche Scientifique, Unité Mixte de Recherche 3571, Paris, France
3Institut Pasteur, Bioinformatics and Biostatistics Hub (C3BI), Paris, France
4Department of Psychiatry, Providence Care Hospital, Queen's University, Kingston, Canada
5Fondation FondaMental, Fondation de Coopération Scientifique, Créteil, France
6AP-HP, GH Saint-Louis - Lariboisière - Fernand Widal, Pôle Neurosciences Tête et Cou, Université de Paris, Paris, France
7Department of Emergency Psychiatry and Acute Care, CHU Montpellier, Montpellier University, Montpellier, France
8Département de Psychiatrie, Hôpital Sainte-Marguerite, Marseille, France
9Hôpital Charles-Perrens, Centre Expert Troubles Bipolaires, Bordeaux, France
10Université Grenoble Alpes, CHU de Grenoble et des Alpes, Grenoble Institut des Neurosciences (GIN), Grenoble, France
11Centre Hospitalier Universitaire de Nancy – Hôpitaux de Brabois, Université de Lorraine, Nancy, France
12Department of Adult Psychiatry, Versailles Hospital, Le Chesnay, France
13EA4047, University of Versailles Saint-Quentin-En-Yvelines, Montigny-le-Bretonneux, France
14Pôle de Psychiatrie, Centre Hospitalier Princesse Grace, Monaco, France
15AP-HP, Hôpital H. Mondor - A. Chenevier, Créteil, France
16Université Paris-Est, Créteil, France

© 2020 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Correspondence
Aroldo A. Dargél and Chantal Henry, Institut 
Pasteur, 25 rue du Docteur Roux 75015 
Paris, France.
Emails: aroldo.dargel@pasteur.fr; chantal.
henry@inserm.fr

Funding information
Investissements d’Avenir Program of the 
Agence Nationale pour la Recherche, Grant/
Award Number: ANR-11-IDEX-0004-02 
and ANR-10-COHO-10-01; Laboratory of 
Excellence Program ‘Revive’ and the life 
insurance company AG2R La Mondiale.

Abstract
Objectives: Diagnosis and management of bipolar disorder (BD) are limited by the ab-
sence of available biomarkers. Allostatic load (AL) represents the strain that stress, in-
cluding the effects of acute phases and inter-episode chronic mood instability, exerts 
on interconnected biological systems. This study aimed to operationalize an AL index 
and explore whether it could be relevant to better characterize BD patients with and 
without emotional hyper-reactivity particularly those at higher risk of immune-cardi-
ometabolic dysregulation and functional impairment.
Methods: Levels of biomarkers of chronic inflammation (hsCRP and albumin), car-
diovascular (systolic/diastolic blood pressure) and metabolic functions (fasting glu-
cose, glycosylated hemoglobin, total cholesterol, LDL, HDL, and triglycerides) were 
measured in 1072 adult BD outpatients. Patients were classified in two groups (with/
without emotional hyper-reactivity) assessed by the Multidimensional Assessment of 
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1  | INTRODUC TION

Bipolar disorder (BD) is a major public health issue associated with 
premature mortality and increased risk of developing various aging-re-
lated diseases, such as hypertension, diabetes and dementia.1-3 BD 
patients exhibit a reduced lifespan compared to the general popula-
tion, a finding that cannot be explained exclusively by high suicide risk 
and unhealthy lifestyle.4 The increased premature mortality observed 
among those patients is thought to result from, among other causes, 
cardiovascular diseases (CVD) and metabolic syndrome, characterized 
by hypertension, impaired glucose metabolism, obesity and dyslipid-
emia, increasing the risk for type 2 diabetes and CVD mortality.5,6

Unlike homeostasis, which describes precise regulation of phys-
iological parameters within a narrow range, allostasis refers to dy-
namic adaptation in response to external stimuli such as stressful life 
events.7 Allostatic load (AL) refers to the cost of chronic exposure 
to fluctuating or heightened immune-endocrine and neural activi-
ties resulting from the organism's attempts to deal with repeated or 
chronic environmental stressors.7,8 Central to these processes is the 
brain, which mediates biobehavioral adaptations and is also sensitive 
to the effects of AL.9-11 Multiple allostatic mediators function as part 
of a nonlinear network that contributes to the development of AL, 
including elevated levels of stress hormones (eg, cortisol, epineph-
rine), proinflammatory markers (eg, C-reactive protein, Il-6, TNF-a), 
and oxidative stress.12,13 These then contribute to damaging effects 
in the brain and other organs, including altered gene expression,14 
telomere shortening15 and ultimately playing a role in cognitive, 
cardiovascular, and immune dysfunction as well as in obesity, bone 
demineralization and atrophy of cerebral nerve cells, whose associa-
tion with BD is well established.16,17

Allostatic overload has been observed in individuals with psy-
chotic disorders and appears to contribute to the excess mortality 
observed in those patients.18-20 Recently, a study found in a small 
sample of patients with schizophrenia that higher AL was related 
to positive symptoms severity and impaired functional capacity.21 
However, the complexity involved in measuring AL, including the 
difficulty associated with obtaining extensive biomarker measure-
ments, has constrained AL research to theoretical models or specific 
clinical populations.22,23 In addition, traditional diagnostic categories 
may be limited to detect the widespread intra- and inter-individual 
variability in the presentation and/or severity of symptoms observed 
in individuals with BD.24 Clinical expression of BD varies in the same 
individual, not only regarding acute episodes, but also considering 
the illness course.25,26 For example, the shortening of the inter-ep-
isode interval and the reduced probability of treatment response 
with illness progression may result from changes in brain circuits, 
which contribute to behavioral (eg, chronic mood instability, emo-
tional dysregulation), systemic (eg, cardiometabolic disturbances), 
and functional consequences (eg, cognitive decline).27

Persistent deficits in the emotion regulation process as well 
as abnormal emotional reactivity are frequently observed in indi-
viduals with BD.28,29 Emotional reactivity is defined by the mag-
nitude of change from an emotional baseline state in response to 
emotion-eliciting stimuli.30 Using the multidimensional assessment 
of mood/behavior states (MAThyS),31 which assess levels of acti-
vation (including emotional reactivity) uncoupled from mood, we 
have recently demonstrated that emotional reactivity is a relevant 
dimension for characterizing remitted BD patients,32 and that those 
patients with emotional hyper-reactivity have increased cardiomet-
abolic risk and chronic inflammation.16,33

Thymic States scale. An Allostatic Load Index for BD (BALLI), comprising six biomark-
ers, was constructed using data-driven biomarker selection.
Results: BALLI showed 81.1% accuracy with good sensitivity (81%) and specificity 
(81.2%) for characterizing BD patients presenting emotional hyper-reactivity, ele-
vated risk of inflammation (increased hsCRP, hypoalbuminemia) and cardiometabolic 
disturbances (hypertension, hyperglycemia, and hypertriglyceridemia). Patients clas-
sified by the BALLI as presenting emotional hyper-reactivity had significantly lower 
global and cognitive functioning than those without emotional hyper-reactivity 
(P < .0001).
Conclusions: A multidimensional approach based on a simple AL score (eg, BALLI) 
and dimensions of behavior (eg, emotional hyper-reactivity) alongside mood is clini-
cally relevant. AL index could be a useful tool to detect multisystemic physiological 
dysregulations in BD patients with/without emotional hyper-reactivity particu-
larly those at higher risk of immune-cardiometabolic disturbances and functional 
impairment.
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To approach the problem of inter-individual variability, the 
Research Domain Criteria project (RDoC) has established that some 
of these limitations can be mitigated by using multidimensional ap-
proaches, including biomarkers, social factors, and fundamental 
psychological processes, such as fear, motivation, and cognition.34 
They should facilitate the identification of bio-phenotypes that are 
associated with discrete physiological changes, which result from 
the organism's adaptation to internal and external states. Despite 
theoretical literature linking AL composites to mood,35,36 anxiety,37 
and substance-abuse disorders38 there is only a paucity of empiri-
cal evidence in humans, and no experimental study to date has in-
vestigated the AL-mood/behavior links in BD patients. By assessing 
immune, cardiovascular and metabolic parameters routinely used at 
clinical practice, we therefore sought to operationalize an AL index 
and explore whether it could be relevant to better characterize BD 
patients with and without emotional hyper-reactivity particularly 
those at higher risk of immune-cardiometabolic dysregulation and 
functional impairment.

2  | METHODS

2.1 | Participants

A total of 1072 BD outpatients aged between 18 and 65 years were 
selected from 1300 patients assessed by semi-structured clinical in-
terview and self-reported questionnaires conducted by trained psy-
chiatrists in the French Network of FondaMental Advanced Centers 
of Expertise in Bipolar Disorders. Primary diagnosis was confirmed 
using the SCID, DSM-IV Axis I Disorders.39 Eligible patients had diag-
nosed BD type I, II, or Not Otherwise Specified (NOS) and were not 
in acute mood episode according to DSM-IV criteria. Of the 1300 BD 
patients evaluated, 228 patients were excluded on account of hav-
ing medical comorbidities, including autoimmune diseases, hepatic 
illnesses, immunomodulatory treatment, cancer, or other known 
conditions associated with peripheral inflammation, or not having 
available results for the selected biomarkers. The Human Research 
Ethics Committee, CPP-Ile de France IX, approved the study and all 
participants received an information letter about this study.

2.2 | Assessments

Severity of depressive and manic symptoms at the time of the as-
sessment was evaluated using Montgomery–Åsberg Depression 
Rating Scale (MADRS), a 10-item questionnaire, ranging from 0 to 
60, with higher scores indicating more severe depression, and the 
Young Mania Rating Scale (YMRS), an 11-item questionnaire, ranging 
from 0 to 60, with higher scores indicating severity of (hypo)manic 
symptoms. Overall functioning was evaluated using the Functioning 
Assessment Short Test (FAST), which encompasses 24 items to 
evaluate six functional domains: autonomy, occupational function-
ing, financial issues, interpersonal relationships, leisure time, and 

cognitive functioning. Items are rated using a four-point scale from 
0 (no difficulty) to 3 (severe difficulty). FAST scores range from 0 to 
72, and higher scores indicate poorer functioning and greater dis-
ability.40 Levels of emotional reactivity were measured using the 
emotional reactivity sub-score of the Multidimensional Assessment 
of Thymic States (MAThyS), a self-rated scale routinely used in clini-
cal practice in the French Network of Bipolar Expert Centers that 
assesses levels of activation uncoupled from mood during the pre-
ceding week. It quantitatively evaluates five dimensions, including 
emotional reactivity, sensory-perception, psychomotor activity, mo-
tivation, and cognition, each of which can vary from hypo-activation 
to hyper-activation. Items are rated using a continuous scale ranging 
from 0 to 10, considering the intensity of emotions and the environ-
mental context (eg, “My emotions are very intense/My emotions are 
attenuated”). The MAThyS has previously been shown to have valid-
ity and internal consistency (Cronbach's alpha coefficient = 0.95).31 
The emotional reactivity score ranges from 0 to 40, and patients 
were grouped as either with emotional hyper-reactivity (>24-40) or 
without emotional hyper-reactivity (0-24) based on previously vali-
dated cutoffs.32

2.3 | Biomarkers and anthropomorphic 
measurements

A total of 12 biomarkers were primarily selected based on (a) use 
in previous AL research,8,12,19,41 (b) availability of data, and (c) rep-
resentation of multiple physiological systems including markers of 
chronic inflammation (high-sensitivity C-reactive protein, hsCRP; 
and albumin), cardiovascular function (systolic and diastolic blood 
pressure, BP), glucose metabolism (fasting glucose, FG; glycosylated 
hemoglobin, HbA1c), lipid metabolism (total cholesterol, TC; low-
density lipoprotein, LDL; high-density lipoprotein, HDL; triglycer-
ides, TG), and anthropometric parameters (body mass index, BMI; 
waist circumference, WC). A fasting blood sample was taken from 
all patients between 7:00 and 9:00 AM, and hsCRP, fasting glucose, 
HbA1c, TC, LDL, HDL, and TG levels were measured. Blood samples 
were centrifuged at 2016 g for 15 minutes, and serum was collected. 
Patients' height and weight were measured and used to calculate ad-
justed BMI (kg/m2). Waist circumference was measured using a tape 
measure. Blood pressure was assessed after 10 minutes rest period 
and before the psychiatric assessment.

Rather than classifying participants using cutoffs based on the 
sample's distribution for a given biomarker, we calculated a subclin-
ical cutoff based on clinical reference ranges accompanying bio-
marker results, which are used routinely for diagnostic purposes.12 
For each biomarker attaining critical cutoffs (modest deviations from 
normal) a score of 1 was ascribed, while those within a normal range 
a score of 0 was ascribed (Table 1).

In the formulation used here, a one-tailed approach is applied 
using either the lower limit or the higher limit to denote risk. For 
example, total cholesterol with a normal range between 3.3 and 
5.2 nmol/L. First, to determine the range, we subtracted the lower 
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limit from the upper limit (5.2-3.3 = 1.9). Second, to determine the 
quartile, we divided the range by four (1.9/4 = 0.475). Third, to de-
termine the cutoff, either we subtracted the quartile from the upper 
limit for the upper cutoff (5.2-0.475 = 4.725) or, in the case of bio-
markers like albumin and HDL whereby lower levels are deleteri-
ous, we added the quartile to the lower limit for the lower cutoff 
(35 + 3.25 = 38.25). Based on this example, a patient with total cho-
lesterol at 4.725 nmol/L or higher would get a score of 1, whereas 
values below this cutoff would be scored as 0. While this formula 
is designed for medical practice, it does not yield cutoffs that are 
much different from those using biomarker distributions based on 
the sample distributions generally used in empirical AL studies.12

2.4 | Statistical analyses

Demographical and clinical characteristics between patients with 
emotional hyper-reactivity and those without were compared using 
one-way ANOVA for continuous variables and chi-squared test for 
categorical variables. In order to optimize an AL score clinically rele-
vant for BD using the smallest number of biomarkers as possible, algo-
rithms were applied performing 212-1 permutations to identify the best 
combination among those twelve biomarkers. Then, the combination 
of variables yielding the highest predictive performance was selected 
according to the area under the curve (AUC). Based on six remaining 
biomarkers, an Allostatic Load Index for BD (BALLI) was constructed, 
with scores ranging from 0 to 6, where higher scores indicate greater 
AL. A Mann-Whitney-Wilcoxon test was applied to compare the BALLI 
scores between the two groups. The composite biomarker score was 
tested on the sample by receiver operating characteristics (ROC) anal-
ysis calculating the AUC of the ROC curve.42 On assigning a cutoff of 
0.5 on the constructed composite score, the accuracy, sensitivity, and 
specificity were calculated. The resulting P values were adjusted for 

multiple comparisons according to the Benjamin and Hochberg proce-
dure. Analyses were conducted using the R statistics package v3.5.1.

3  | RESULTS

3.1 | Study sample description

Characteristics of the study population are described in Table 2. Of the 
1072 BD patients included in the study, 638 (59.5%) were female, 499 
(46.5%) were diagnosed with BD type I, and the mean age was 41.2 
(SD = 12.4) years. Assessment using MAThyS tool found 544 patients 
(50.7%) presenting with emotional hyper-reactivity who were more likely 
to have a lower level of education (F1,1072 = 5.75, P = .03), BD-II diagno-
sis (41.4%), (F1,1072 = 11.86, P = .008), and more comorbid anxiety dis-
orders (F1,1072 = 8.06, P = 008), compared with those without emotional 
hyper-reactivity. There were no significant differences between groups 
with respect to age, age at onset, illness duration, and number of previ-
ous mood episodes. Both groups had similar levels of depressive sub-
threshold symptomatology assessed with the MADRS (F1,1072 = 2.258, 
P = .21). Those with emotional hyper-reactivity had greater YMRS scores 
(F1,1072 = 99.363, P < 1.42 × 10−21), levels of anxiety symptoms (STAI 
scores; F1,1072 = 13.85, P < .0006), and number of suicide attempts 
(F1,1072 = 31.757, P = 1.13 10−7). In terms of medication use, the group 
with emotional hyper-reactivity was more likely to be prescribed antide-
pressants and benzodiazepines (F1,1072 = 5.043, P = .052).

3.2 | Allostatic load scores

Figure 1 shows the proportion for each biomarker attained subclin-
ical dysregulation (ie, a score of 1) in the two groups of patients. 
Except for waist circumference (P = .5), significant differences 

Biomarker Normal range Lower limit Higher limit

Systolic blood pressure (mm Hg) 90-140 ≤102.5 → 0 ≥127.5 → 1

Diastolic blood pressure (mm Hg) 60-90 ≤67.5 → 0 ≥82.5 → 1

C-reactive protein (mg/L) 0-8 <3 → 0 ≥3 → 1

Albumin (g/L) 35-48 ≤38.25 → 1 ≥44.75 → 0

Fasting glucose (mmol/L) 4.0-5.9 ≤4.47 → 0 ≥5.43 → 1

Glycosylated hemoglobin 
(mmol/L)

4.6-6.2 ≤0.05 → 0 ≥0.058 → 1

Triglycerides (mmol/L) 0.4-1.8 ≤0.75 → 0 ≥1.45 → 1

Total cholesterol (mmol/L) 2.8-5.2 ≤3.40 → 0 ≥4.60 → 1

High-density lipoprotein 
cholesterol (mmol/L)

0.9-2.0 ≤1.18 → 1 ≥1.73 → 0

Low density lipoprotein (mmol/L) 1.0-3.3 ≤1.57 → 0 ≥2.72 → 1

Body mass index (Kg/m2) 18.5-25 ≤20.125 → 0 ≥23.375 → 1

Waist circumference (cm) ♂ 90-102
♀ 80-88

♂≤ 92 → 0
♀≤ 82 → 0

♂≥ 100 → 1
♀≥ 86 → 0

Note: The clinical norms may change according to the biochemical assays used and the unit of 
measurement.

TA B L E  1   Clinical approach to 
calculating allostatic load indices
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were observed between groups for the biomarkers of inflamma-
tion (hsCRP and albumin), cardiovascular function (SystolicBP and 
DiastolicBP), BMI as well as metabolism of glucose (FG and HbA1c), 
and lipids (TG, HDL, LDL, TC) P < .0001. Further information on the 

mean (SD) and statistical differences for each biomarker is presented 
in Table S1.

The model identified hsCRP, albumin, DiastolicBP, SystolicBP, 
FG, and TG as the six variables with greater prediction performance 

TA B L E  2   Demographic and Clinical Characteristics of 1072 Bipolar Patients with Emotional Hyper-Reactivity and without Emotional 
Hyper-Reactivity

Variable

Emotional Hyper-reactivity 
(n = 544)

No emotional hyper-reactivity 
(n = 528)

t or X2 df
Adjusted  
P valueMean SD % Mean SD %

Sex (male) 35.5 45.6 11.07 1072 .002

Age (y) 41.45 12.82 42.05 12.67 0.57 1072 .576

Education level (y) 13.62 2.96 14.08 2.88 5.754 1072 .034

Occupation

Unemployed 20.0 22.7 0.07 1072 .782

Marital status 0.482 .734

Single 33.6 33.5 1072

Married 45.0 46.2 1072

Diagnosis 11.868 1072 .008

Bipolar disorder type I 41.4 51.9

Bipolar disorder type II 41.4 33.1

Bipolar disorder type NOS 17.2 15.0

Age-at-onset (y) 24.42 10.04 25.05 10.16 1.009 1072 .447

Illness duration (y) 16.89 11.49 16.77 11.05 0.032 1072 .898

Number of hospitalizations 2.88 3.11 3.05 3.37 0.751 1072 .493

Total number of episodes 6.67 5.99 6.36 5.48 0.731 1072 .493

Total number of depressive 
episodes

5.72 5.11 5.15 4.73 2.852 1072 .173

Total number of manic episodes 5.69 5.20 5.39 4.74 0.769 1072 .527

Rapid cycling 15.1 10.8 4.289 1072 .173

Number of suicide attempts 2.20 2.38 1.33 2.30 31.75 1072 .13 × 10−7

MADRS score 9.52 8.05 8.77 8.19 2.258 1072 .217

YMRS score 3.27 4.10 1.28 2.07 99.36 1072 1.42 × 10−21

STAI score 43.57 15.47 40.10 14.65 13.85 1072 .0006

Comorbidities

Anxiety disorders 45.6 38.4 8.06 1072 .008

Diabetes 4.2 4.9 0.307 1072 .681

Cardiovascular disorders 15.8 12.6 0.498 1072 .284

Dyslipidemia 6.5 5.2 1.345 1072 .781

Substance use disorders 30.9 31.8 0.004 1072 .659

Current smoking 49.8 54.7 1.823 1072 .395

Medications

Antipsychotics 13.2 15.5 0.968 1072 .492

Lithium 17.3 19.7 0.885 1072 .509

Anticonvulsants 32.4 32.6 0.001 1072 .989

Antidepressants 23.3 20.5 1.144 1072 .477

Benzodiazepines 16.7 11.7 5.043 1072 .052

Note: The resulting P-values were adjusted for multiple comparisons according Benjamin and Hochberg procedure.
Abbreviations: MADRS, Montgomery–Åsberg Depression Rating Scale; STAI, State-Trait Anxiety Inventory; YMRS, Young Mania Rating Scale.
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to identify patients with or without emotional hyper-reactivity 
states. A Wilcoxon test adjusted for age, sex, and smoking demon-
strated that patients with emotional hyper-reactivity had signifi-
cantly higher AL scores than those without emotional reactivity 
(P < 2.2 × 10−16, Figure 2).

BD patients who have attempted suicide more than once had 
significantly increased BALLI scores in comparison with those who 
have attempted suicide only once or those without suicide attempts 
(P < 2 × 10−16), independently of their emotional reactivity state, 
age, sex, and mood symptoms. Also, BD patients that had never at-
tempted suicide presented lower BALLI scores than those who have 
attempted suicide at least once (P < .0001).

The prediction model using the BALLI showed 81.1% accuracy 
(95% CI; 078, 0.83), with high Sensitivity (81%) and Specificity 

(81.2%) to identify patients as either with or without emotional hy-
per-reactivity (Figure 3).

Furthermore, rather than using the predetermined groups of pa-
tients determined by the scale cutoffs, we assessed functioning in 
the groups of patients predicted by the BALLI. The predicted group 
with emotional hyper-reactivity presented significantly poorer over-
all and cognitive functioning compared to those without emotional 
reactivity using the BALLI (Figure 4).

4  | DISCUSSION

To the best of our knowledge, this is the first study to operationalize 
an allostatic load score to characterize emotional hyper-reactivity 

F I G U R E  1   Proportion for each 
biomarker attained subclinical 
dysregulation in patients with and without 
emotional hyper-reactivity (N = 1072)

Waist 
circunference 

Body 
mass index

Total 
cholesterol

LDL cholesterol

HDL cholesterol

Triglycerides

Systolic 
blood presure

Diastolic 

blood presure

HbA
1c

C-reactive 

protein

Albumin

Fasting glucose

80

0

40

Pr
op

or
tio

n 
(%

) Emotional 
hyper-reactivity

No emotional 
hyper-reactivity

****

*

**

**

*

***

****

********

****

****

F I G U R E  2   Allostatic load score in patients with and without emotional hyper-reactivity (N = 1072)

0

2

4

6

Emotional 
hyper-reactivity

No emotional 
hyper-reactivity

A
llo

st
at

ic
 lo

ad
 s

co
re

p < 2.2-16



     |  7DARGÉL et AL.

states and functional outcomes in BD patients. The use of data-
driven approaches enabled us to establish the BALLI, a simple score 
based on six biomarkers routinely used in clinical settings that 
showed 81.1% accuracy for characterizing a specific group of BD pa-
tients presenting emotional hyper-reactivity, elevated risk of chronic 
inflammation (increased hsCRP, hypoalbuminemia), cardiometabolic 
disturbances (hypertension, hyperglycemia, and hypertriglyceri-
demia), and poorer cognitive functioning. Biomarkers are not subject 
to reporting biases and can provide insight into physiological mecha-
nisms through which both immune-metabolic and behavioral distur-
bances may have an impact on health,43 thus improving confidence 
that observed relationships are not spurious. These findings are con-
sistent with the AL concept, which postulates that a composite of 

multisystem biological signatures would provide better prediction of 
health risks than individual parameters.44 As routine blood tests and 
measurement of blood pressure are widely accessible and could be 
easily used in clinical practice, these parameters may inform practi-
tioners of changes in AL, aiding earlier detection of subjects with in-
creased risk of CVD, metabolic syndrome, and chronic inflammation.

Although BD patients included in this study were not in acute 
episode based on the traditional diagnostic categories, about half 
of them presented with emotional hyper-reactivity independently 
of age, sex, and mood symptoms severity. Moreover, there were 
no significant differences regarding the number of mood episodes 
between groups, suggesting that it is not solely the result of acute 
mood episodes but the chronic emotional hyper-reactivity during 

F I G U R E  3   Prediction accuracy, specificity and sensitivity of the Allostatic Load Index for Bipolar Disorder, BALLI (N = 1072)
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F I G U R E  4   Psychosocial functioning in patients classified by the Allostatic Load Index for Bipolar Disorder (BALLI) as presenting with or 
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the inter-episodes' periods that would exacerbate some of the 
measures obtained (eg, CRP, FG, BP) in this sample. The effects 
of emotional/mood dysregulation as well as of other factors such 
as medication adjustments, treatment compliance, stressful life 
events, and changes in lifestyle behaviors (diet, sleep, physical ac-
tivity, smoking/drugs) during the inter-episodes' periods may con-
tribute to the allostatic (over)load owing to prolonged/sustained 
brain arousal and over-activation of neuroendocrine, immune and 
sympathetic nervous systems that may in turn lead to inflamma-
tion, endothelial dysfunction, and oxidative stress,13,36 confer-
ring risk for hypertension, diabetes, cancer as well as premature 
aging and early mortality.4,44 Clinically, assessing dimensions of 
behavior associated with relatively affordable biomarkers (blood 
pressure-CRP-glycaemia), in addition to the assessment of mood 
symptoms in BD patients, may facilitate interventions that are 
closer to the BD pathophysiology.

Our findings suggest that the presence of higher AL may be an in-
dicator of states of body-brain dysfunction in BD patients, particularly 
those presenting emotional hyper-reactivity and anxiety states, which 
are reflected in cardiovascular (eg, hypertension) and immune-meta-
bolic regulatory systems (eg, increased hsCRP, hyperglycemia, hyper-
triglyceridemia, and hypoalbuminemia). A preclinical study has shown 
that elevated levels of CRP may induce a disruptive effect in the blood-
brain-barrier, increasing its permeability and facilitating the cross of 
proinflammatory cytokines through the barrier, making the brain more 
susceptible to the effects of inflammation.45 Recently, increased levels 
of inflammatory markers (eg, CRP, IL-6, TNF-a) were associated with 
reduced functional connectivity in reward and motor brain circuitry in 
depressive patients, and are likely to be related to neuroinflammatory 
and metabolic processes within the brain, including the blood-brain 
barrier, leading to altered monoamine levels and over-activation of 
microglial cells.46 The net effect of these changes may be disrupted 
neuroplasticity in key brain regions, which may lead to the phenotypic 
and functional changes observed in BD patients. Since it is a relatively 
low-cost biomarker and widely available in clinical settings, measure-
ment of CRP levels might be an easy, cost-effective way to assess pe-
ripheral levels of chronic inflammation in BD patients, and, indirectly, 
alterations in proinflammatory cytokines, which are known to modu-
late CRP levels.

This study also found that BD patients with higher AL scores 
presented poorer functioning independently of age, sex, and mood 
symptoms severity. Rather than using the groups of patients prede-
termined by the scale cutoffs, we assessed functioning in the groups 
of patients predicted by the BALLI. Patients classified as presenting 
emotional hyper-reactivity had significantly lower overall and cog-
nitive functioning than those without emotional hyper-reactivity. 
This finding is particularly relevant given that the groups included in 
this analysis were determined using data-driven approaches based 
on objective markers, which allow for the classification of individ-
uals based not simply on single variables/symptoms, but on distinct 
clinical/functional profiles. Understanding the dynamic relationship 
between AL, emotional hyper-reactivity and functioning alongside 
mood may contribute to enhancing therapeutic interventions such 

as psychoeducation and mindfulness for emotional/stress manage-
ment, and cognitive remediation, to improve cognitive and func-
tional performances. These nonpharmacological interventions may 
help to arrest the cycle of AL and decrease emotional hyper-reac-
tivity, which complicates the BD course by contributing to cognitive 
impairment and comorbid pathologies.

Beyond associations of AL with adverse physical and functional 
outcomes, the multisystem biological signatures encompassed 
by the AL framework may change with treatment. In our study, 
patients with emotional hyper-reactivity (those also presenting 
higher AL levels) were more likely to receive antidepressants and 
benzodiazepines that could contribute to chronic mood/emotional 
instability in BD. Recently, Berger et al, have shown that elevated 
AL among psychotic patients could be lowered over 3 months with 
antipsychotic medication.18 Evidences suggest that lithium deter-
mines a decrease in proinflammatory mediators in BD,47 and that a 
TNF antagonist (infliximab) reduced the levels of glucose and cho-
lesterols as well as depressive symptoms in treatment-resistant 
depressive patients with high baseline CRP levels.48 The associa-
tions of AL with increased risk of cardiometabolic, liver and inflam-
matory disturbances observed in our study add to the evidence 
that AL may contribute to the multisystemic (neuro)progression 
frameworks,35,49,50 and could be useful to objectively assess the 
efficacy of pharmacological and psychosocial interventions in BD 
patients.

Limitations of this study include the cross-sectional design, 
which prevented us from examining directionality between levels 
of AL, emotional hyper-reactivity, and functioning. Our measure-
ments of biomarkers represent snapshots of the activity of physi-
ologic systems. BALLI is an initial operational measure, which was 
restricted to the biomarkers that were available in our dataset and 
based on clinical practice guidelines that may provide a crude mea-
sure of biological dysfunction. Although we did not include other 
typical AL components, such as neuroendocrine (eg, cortisol, epi-
nephrine) and inflammatory (eg, IL-6, TNF-a) markers,12 these pa-
rameters are rarely assayed in routine clinical practice. As such, 
having an AL index that works without such parameters is more 
accessible and useful in clinical settings. Mood/behavior as well as 
AL are not static and change overtime, and also are related to acute 
mood episodes of mania or depression as well as individual expe-
riences during life (eg, stress, trauma)36 that were not examined in 
this research and could eventually be the focus of another study. Big 
data approaches, in combination with digital technologies to mea-
sure psychophysiological and context correlates of mood/behavior 
in a continuous way, might provide a more detailed understanding 
of the links between AL, affective instability, and how such fluctu-
ations may correspond with increased chronic inflammation, CVD, 
diabetes, and accelerated aging, affecting the overall health of BD 
patients over time. In addition, we assessed BD patients under var-
ious therapeutic regimens, which could impact AL levels (eg, blood 
pressure, triglycerides) as well as mood/emotion regulation (eg, pa-
tients with emotional hyper-reactivity were more likely to receive 
antidepressants).
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Strengths of this study include its relatively large cohort of BD pa-
tients and the use of robust data-driven approaches to operationalize 
an AL score, including biomarkers of inflammation and cardiometabolic 
dysfunction routinely used in clinical practice. Although we could not 
know the directions of these associations, our findings document that 
a multisystem composite of biological markers may serve as a marker 
for mood instability, cardiometabolic risk and functional outcomes in 
BD patients, and would be better at predicting overall health than in-
dividual markers. Our study expands on the previous general AL risk 
formulation,20,23 applying mathematical approaches to optimize and 
build a simple AL score specific for BD. This may contribute for exten-
sion of the concept of AL in BD research and clinical practice, as the 
BALLI can be implemented in more settings using fewer resources. 
As such, BALLI may be a proxy of an allostatic environmental load 
as well as a marker of noncommunicable disorders, many of which 
share blood pressure-CRP-glucose-triglycerides as biomarkers.51 Our 
approach is also in line with the RDoC perspective,34 which advocates 
for a multidimensional approach including psychophysiological pa-
rameters alongside mood-behavior profiles that may provide insights 
into etiological mechanisms and for identifying individuals at high-risk 
of further physiological and functional deterioration.

Future studies need to decompose the multi-dynamic interac-
tions between allostatic processes associated with BD. In this en-
deavor, metabolomic approaches,52 models of glucose allostasis,53 
and immune and renin-angiotensin systems pathway analysis54 as 
well as the incorporation of biomarkers not currently included in the 
AL concept (eg, adiponectin, leptin, resistin)55 may be essential for 
BD research and clinical practice. Moreover, definition of specific 
dimensions of BD would facilitate study of the relative benefit of 
one or a combination of medications in different bio-phenotypes. In 
contrast to categorical diagnoses, such approaches are more clearly 
linked to brain circuitry and endophenotypes (eg, anhedonia, type 
A behavior, cognitive control, and immune-endocrine axis dysfunc-
tion),34 which are more likely to be medication targets.

In conclusion, a multidimensional approach based on a simple 
AL score (eg, BALLI) and dimensions of behavior (eg, emotional hy-
per-reactivity) alongside mood is clinically relevant and may contrib-
ute for extension of the concept of AL in BD research and clinical 
practice. Future studies should consider AL parameters to investi-
gate mood/behavioral changes over time among BD patients, which 
may in turn contribute to our understanding of BD bio-phenotypes 
and inform the implementation of early, more individualized inter-
ventions to improve the health and quality-of-life of these patients.
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