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HABITUDES ALIMENTAIRES ET SANTE
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COMPLICATIONS MEDICALES DE L'OBESITE
—

Dépression par genre et IMC
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L’ OBESITE ET LE SURPOIDS SONT ASSOCIES A UN RISQUE AUGMENTE

DE NON-REPONSE AUX ANTIDEPRESSEURS

Diminution de la réponse au traitement chez les patients
déprimés en surpoids ou obéses

Reponse to Antidepressants
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Kloiber et al., Biol Psychiatry, 2007



OBESITE ET DEPRESSION : UN CERCLE VICIEUX

Inflammation <« Dépression }

[
Caractéristiques atypiques

[ Obésité

Capuron et al., Neuropsychopharmacol., 2016



modulation bénéfique
modulation potentiellement néfaste

INFLUENCE DE LA QUALITE DE L' ALIMENTATION

SUR LES MECANISMES LIES A LA DEPRESSION
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L'INFLAMMATION, UNE CARACTERISTIQUE MAJEURE DE L'OBESITE

IL-6, IL-1B,

Comorbidités neuropsychiatriques
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Visfatin

¥ adiponectin
Lymphocytes Macrophages !
I Modifications du microbiote et de | \
| la perméabilité intestinale |
| R Chronic low-grade | .
g ndot: i -
» d7) 4 I 7 gy ol Lasselin et al., JCEM, 2014
: . Gut I %00 s w I
Habitudes alimentaires I 0 89” LPS I
obésogénes (sucres, gras, sel) I I

Capuron L & Miller AH. Pharmacol Ther, 2011; Lasselin et al., NIM, 2014; Castanon, et al. Front Endocrinol, 2014



L’ AUGMENTATION DES MARQUEURS INFLAMMATOIRES EST ASSOCIEE

AUX COMORBIDITES NEUROPSYCHIATRIQUES DE L'OBESITE
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LES COMPLICATIONS METABOLIQUES DE L'OBESITE N'INFLUENCENT PAS

LA RELATION ENTRE L'INFLAMMATION ET LA DEPRESSION

Metabolic abnormalities

N=99 (84% w; 39.2y)
' ' Mean BMI 41.4 kg/m? i < 040 {M): <050 (W)
Fasting glucose =21glL
Mean CRP 7.2 mg/L; 57% CRP > 5 mg/L : :
Triglycerides 215glL
Low HDL-C = 62%; High Glucose Levels = . . :
34%: High Triglycerides Levels = 39%; High Systolic and diastolicBP | 2 1.4{} mmHg{ 2 90 mmHg, or
antihypertensive med

Blood Pressure = 54% ; MUHO = 60%

MHO (healthy): = 1 abnormality; MUHO (unhealthy) = 2
*Jokela et al., 2014

14- : . 14
8 — ¥ % MADRS Total Score
g e g o B p
%’ 61 T g © Model
<Y = CRP 2.89 <0.05
N N MUHO 0.17 0.89
Control hs-CRP <5 hs-CRP>5 MHO MUO CRP 2.88 <0.05

Obese
Delgado et al., Psychoneuroendocrinology, 2018



LA VOIE DE SIGNALISATION DE L'INFLAMMATION (NFKB) PREDIT LES COMORBIDITES

DEPRESSIVES DE L'OBESITE ET LEUR REMISSION APRES CHIRURGIE BARIATRIQUE

Differential gene expression analyses
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Moisan et al., Transl Psychiatry, 2021



LES REGIMES ALIMENTAIRES DESEQUILIBRES (OBESOGENES) AUGMENTENT

L'INFLAMMATION SYSTEMIQUE DE BAS-GRADE ET LA VULNERABILITE AU STRESS

diet group diet group CANTAB

Sample size, n (%) 28 (56) 22 (44)

High consumers of sugar, n (%) 11(423) 15(57.7) 0.04 D Delta Immediate Recognition
High consumers of salt, n (%) 4(14.3) 15(68.2) <0.001 g I . - :
High consumers of fat, n (%) 3(107) 20(909)  <0.001 g mmediate recognition
Age, years (SD) 38.8(7.3) 36.3(8.5) 0.27 £
Females, n (%) 26 (92.9) 17(77.3) 0.22 sy % M
wl
BMI, kg/m?(SD) 23.8(3.3) 24.99 (5.0) 0.32 E= 24
Metabolic and endocrine alterations, n yes(%) 2(74) 3(13.6) 0.64 3 % =S e -
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2 2
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T T T T T b 18-
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g 159 E
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Delgado et al., Neurobiol Stress, 2021



L’ AUGMENTATION DES NIVEAUX DE CRP EST ASSOCIEE A DES HABITUDES
ALIMENTAIRES DE TYPE OCCIDENTAL CHEZ LES PATIENTS

DEPRIMES

CRP (mg/L)
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34.37%

62.50%

MDD Patients

+

Patient CTRL
Food
Categories/
NR Mean + SD Mean + SD p-Value
Fruits &
vegetables a
(F&V) 226 + 182 451 £+ 199 <0.001
550 g/day
Wholes grains a
NR:125 g/day 65.4 + 63.8 68.0 + 46.3 0.502
Legumes
g/week 32.84+722 166 + 207 <0.001?
NR:100 g/day
Patient CTRL
Macronutrients/
Mean + SD Mean +SD  p-Value
%FAT/ .
o) 37.6 + 483 412577 0.009
HSCFAL 14262+ 3845 14830 £3455  0283°
<10%
3
R 0709+2048 034240182  0989°
o
%n-6 PUFA/ 107 1098  2484+1343  0.360°
18%
%n-3PUFA/ (33040181 051940338 00172
1-2%
PUFAn-6/m-3 ;44113970 593244035 00512
ratio
%MUFA/ 8756 £3087  12144+5677  0.006°
>10%
%Free Sugar
(S) 2650 £13314 14428+ 4760  <0.001°
<20%
iliges/ 1680147102 2298846397  0.001°
25 g/day

Bernier et al., Nutrients, 2023



MECANISMES INFLAMMATOIRES A L'ORIGINE DES
COMORBIDITES NEUROPSYCHIATRIQUES DE L'OBESITE

s Comportement de maladie

$
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surrénales Cellules immunes activées

cortisol




ALTERATIONS DU METABOLISME DU TRYPTOPHANE DANS L'OBESITE

| Microbiote intestinal

- | |ndolepyruvate
Inflammation Tryptophane Aromatic AA Py

= aminotransferase I
I |I[| . Clostridium sporogenes

= Lactobacillus spp.
. TPH I Bifidobacterium spp.

IDO: indoléamine 2,3 dioxygénase . v
v Acide Indole-3-

Kynurénine [} 5-HTP lactic
E e.g.: Clostridium sporogenes;
; Peptostreptococcus russellii
NMDAR Sérotonine |{ Acide Indole-3-
Glutamate quinolinique 1 propionic
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L’'INHIBITION PHARMACOLOGIQUE DE L'IDO BLOQUE LES EFFETS DEPRESSOGENES

DE L'INFLAMMATION

Comportement de maladie
Trp
o LPS = Cytokines =—p x @ 60 - I E
ad ] (0.83 mg/kg) Kyn 2 " !
' = - 1
o 4 1
A € 40 - |
o | .
1-MT S ] !
(5 mg/d, 1 wk) w 2l i
= |
Activation d’IDO dans le cerveau = !
Q | !
< 5] .
0.07 Placeb 1- ' Placeb 1-
o 6h MT | o 24hMT (post-LPS)
o 0.05 N . .
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S
< X3
< 0.03 160 a !
0
0.01 < 120
=
o 80
Placebo 1-MT g
£ 40
[ saline B LPs 0 24 h post-LPS

Placebo 1-MT
André et al. J. Neuroinflammation 2008; O’Connor et al. Mol. Psychiatry 2009




ALTERATIONS DES VOIES METABOLIQUES DU TRYPTOPHANE EN LIEN

AVEC LES HABITUDES ALIMENTAIRES ET L'OBESITE

Régime alimentaire obésogéne (in prep) CRP (0.8 vs 1.7 mg/L)

Tryptophane Kynurénine/Tryptophane Sérotonine Acide indole-3-propionique
—_
= TRP KYN/TRP = 5-HT ) IPA
S . (TRP)  (KYN/TRP) s, GHD S . o (IPA)
=) e el B o g E <] —_
= w 005 s 0.104 5 3
=} — ] —
E 0 2 004 = T = 4
= = 0 £ o g 3
5 » ] i
= 0,021 = 4 =02
7 = 5
s 2 0014 2 g
G = =
S n S w o ! , .
Non-obesogenic Obesogenic Non-obesogenic Obesogenic Non-obesogenic Obesogenic Non-obesogenic Obesogenic
Diet Diet Diet Diet Diet Diet Diet Diet
(n=27) (n=18)
Obesité (cussotto et al. Front Immunol, 2020) CRP (1 vs 8.8 mg/L)
A~ oqogy  THERETEE 0087 ’ = 0107 *x & 51 e
i 100 N - g 0.10 g 5
g 801 0.061 — g 0081 T g 4 1
= 604 o = 0.06 =
i) T 0.04 = L=
2 2 g 0.044 s 24 e
£ 0.021 £ £
204 3 0021 3 14
S o : 0,001 ‘ S 0.00 S o
Non-obese Obese Non-obese Obese Non-obese Obese Non-obese  Obese

(n=42) (n=85)



LES ALTERATIONS DU METABOLISME DU TRYPTOPHANE DANS

L’OBESITE CORRELENT AVEC LA SYMPTOMATOLOGIE DEPRESSIVE

Microbiofe infestinal

el dolepyroate | |

Inflammatory Profile (hsCRP + hsIL-6) (hypertension, type-2 diabetes, obstructive sleep apnea, dysthyroidism).
hsCRP and IAld were log-transformed for the analyses due to non-
normality. N =44,

hsCRP high-sensitive C-reactive protein, [Ald indole-3-carboxaldehyde.

Sérotonine || | Acdelndole-3-
propionic

307 R=0.322**

20

AL LN

Symptmes neuropsychiatriques | U PRI b Apup iy

v aminobanslerase | E :
E | Table 2. Interaction effect between hsCRP and IAId on MADRS total |
89 1 R=0.414%** s TPH | | scores, |
W | 1
L]
N : Y ! Adjusted * B t p !
o : ' Model X
= Loy 1 !
g A s y Acldri:::lb} 1 1.hsCRP 0.081 0307 208 004
20 7 Ellrnp
* |21 0270 -0527 401  <0.001 E
L 1
. . 1 ! 3.hsCRPx A 0220 -0419  -352 Q001
# ;- | Multiple regression analyses (p coefficients) controlling for comorbidities X
| |
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

MADRS Total Score

x T T
20 30 40 50 60

B el e e s |
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PERTURBATIONS DU CYCLE DE KREBS DANS L'OBESITE ET
CONSEQUENCES NEUROPSYCHIATRIQUES : DONNEES TRANSLATIONNELLES

" La diminution des marqueurs plasmatiques du cycle de Krebs chez le sujet JEE Données précliniques: souris HFD (régime riche en gras)
en situation d’obésité corréle avec la fatigue et la baisse de motivation '
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VULNERABILITE AUX EFFETS NEUROPSYCHIATRIQUES DE L'INFLAMMATION

Hérédité Traits Contexte Nutrition Stress,
Constitution psychologiques socio-économiquc Evén. précoces

Style de vie

Ressources environnement

2 VULNERABILITE K

Facteurs déclencheurs

Mecanismes effecteurs

Inflammation ll~ Altérations comportementales
- Altérations biologiques ¢ et émotionnelles / cognitives

Evén. (.k.e vie | Systéme immunitaire . .
transitions Inflammation ~C|rcwts fronto- Depressmn

f X sous-corticaux

Neurotransmission €= Axe HPA



HYPER-REACTIVITE DE L'AXE CORTICOTROPE : UN MARQUEUR DE

VULNERABILITE AUX EFFETS DEPRESSOGENES DE L'INFLAMMATION

800 ACTH CORTISOL - Relationship between cortisol response to the first injection
700 t 35 - of IFN-alpha and change in TRP levels
- * % %k i
600 . 30 . during IFN-alpha treatment
E:
— 500 T . R0
o * T
5 400 = 2° z
e =4 L
300 15 )
£
200 * 10 c
*k 5 E
100
.l I [ 2
0 - 0 g
onf ith 2h 3h 0h1 th 2h 3h Ty
£
IFN IFN £ .
2 | R=072 n=1a, et
M Non déprimés O 5 0 5 10 15 A0 25
CORT response to the first administration of IFN-alpha
B EDM P P

Capuron et al., Am J Psychiatry, 2003




Pituitary-Adrenal and Autonomic Responses
to Stress in Women After Sexual i
and Physical Abuse in Childhood o

Yolanda P. Graham, MD
JAMA, August 2, 2000—Vel 284, No. 5 (Reprinted) Molly Wilecox, BA

Robert Bonsall, PhD
Andrew H. Miller, MD}
Charles B. Nemeroff, MD, PhI}
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LE STRESS PRECOCE AMPLIFIE LE LIEN INFLAMMATION — DEPRESSION

CHEZ LES SUJETS EN SITUATION D’'OBESITE

Characteristics of study participants
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LE STRESS PRECOCE AMPLIFIE LE LIEN INFLAMMATION — DEPRESSION
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Role of early life adversities in inflammation-related neuropsychiatric
comorbidity in obesity

Juliette Montet*, Sandra Dexpert *, Muriel Darmaudéry °, Cédric Beau”, Damien Forestier ",
Patrick Ledaguenel °, Eric Magne ", Bruno Aouizerate ™, Lucile Capuron ™
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TRAITEMENT DES SYMPTOMES

NEUROPSYCHIATRIQUES LIES A L'INFLAMMATION
DANS L'OBESITE ET LES TROUBLES METABOLIQUES

CONDITION PREVALENCE
General population 5-10%
Cancer 18-39%
c
% Autoimmune disorders 15-40%
E — | Cardiovascular diseases 15-40%
= | | Chronic illnesses 15-60%
c
~ | | Obesity / metabolic disorders / Aging ~ 20-30%




L'INFLAMMATION PARTICIPE A LA RESISTANCE AUX ANTIDEPRESSEURS
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A Randomized Controlled Trial of the Tumor
Necrosis Factor Antagonist Infliximab

for Treatment-Resistant Depression

The Role of Baseline Inflammatory Biomarkers

Charles L. Raison, MD; Robin E. Rutherford, MD; Bobbi . Woolwine, M5W; Chen Shuo, M5; Pamela Schettler, PhD;
Daniel F. Drake, PhD; Ebrahim Haroon, MD; Andrew H. Miller, MD

Clinical Characteristics of the Study Sample

Characteristic Infliximab (n=30) | Placebo (n=30)
Age (yrs.) - mean (SD) 425(82) 443094)
Sex (female) - no. (%) 20 (66%) 20 (66%)
BMI (kg/m?) - mean (SD) 312(69) 32.7(8.0)
Baseline hs-CRP (mg/L) - mean (SD) 6.34(89) 54582

Characteristics of TRD Patients with|CRP>5mg/L

Characteristic

Age (yrs.) - mean (SD)

Sex (female) - no. (%)

BMI (kq/m‘) = mean (5D)

Basaline hs-CRP (ma/L) = mean (SD)

Infiximab (1=13) Placabo (9)

| 414(85) 46.2(9.7)
10(77%) 7 (78%)
342 (6.5) 389 (8.1)
125(10.9) 14.2 (10.8)

JAMA Psychiatry. 2013;70(1):31-41

Overall (n=60)

Baseline hs-CRP concentration >1 mg/L (n=45) 1
Baseline hs-CRP concentration >3 mg/L (n=27) }
Baseline hs-CRP concentration >5 mg/L (n=22) | L ‘

Favors infliximab | Favors placebo

M9 3755432401234
Baseline to Week 12 Change in Least Squares Mean HAM-D Score

Responders, %

80+ - —
'/’ ~ Bl Infliximab
Y2 [] Placebo
60 - [
I
1
40 \
PR 4
204
0
=5 mg/L =5 mg/L Combined

Baseline hs-CRP Concentration




ORIGINAL ARTICLE
Inflammation as a predictive biomarker for response

omega-3 fatty acids in major depressive disorder:
a proof-of-concept study

MH Rapaport', AA Nierenberg?, PJ Schettler', B Kinkead', A Cardoos?, R Walker®> and D Mischoulon?

to

Molecular Psychiatry (2016) 21, 71-79
© 2016 Macmillan Publishers Limited Al rights reserved 1359-4184/16

.@

www.nature.com/mp

Table 3. Change in HAM-D-17 total score from baseline to treatment week 8 for subjects treated with EPA vs PLA with high inflammation on

individual biomarkers and pairs of biomarkers at baseline®

High inflammatory Significance of seline to Standardized treatment EPA vs PLA at Significance of

status on treatment-by-time 2ek 8 effect size at treatment treatment week 8 treatment-by-time

interaction week 8 interaction
P High inflammation per BMI

Individual biomarkers F df P-value |-mean sem. N ESP 95% Cl t df¢  P-value F df P-value
hs-CRP 1.70 1,906 0.195 -7.99 186 8 -078 -167to+0.11 -184 428 0073 170 1,906 0.195
IL-6 042 1,104 0518 |-784 140 12 -037 -113t0+040 -096 540 0341 042 1,104 0518 hs-CRP
IL-Tra 0.31 1,127 0.580 -9.63 161 11 -046 -1.18to+027 -126 721 0213 031 1,127 0.580
Leptin 1.01 1,101 0.318 -5.61 146 13 -062 -134to+0.11 -172 633 0.090 1.01 1,101 0318
Adiponectin 1.69 1,159 0.195 -8.81 1.06 21 -058 -120to+0.04 -188 949 0063 169 1,159 0.195 Underweight 11.8 7.8

10 Pairs of biomarkers or normal
hs-CRP+IL-6 413 1,519 0047 -4.44 230 4 -147 -277to-0.17 -265 222 0015 413 1,519 0.047 weight (%)
hs-CRP+IL-1ra 118 1,542 0.281 -7.05 366 2 -099 -253to+054 -142 251 0.167 1.18 1,542 0.281
hs-CRP+leptin 0.87 1,646 0.354 -6.30 252 5 -067 -174to+040 -134 283 0.192 087 1,646 0354 .
hs-CRP+adiponectin  3.66 1,47.5 0062 |-356 233 4 —172 -310to-034 -292 189 0009 366 1,475 0.062 Overweight 13.3 15.6
IL-6+IL-Tra 068 1,56.1 0415 -7.41 2.21 6 -072 -179to+035 -135 237 0.189 068 1,56.1 0415 (%)
IL-6+leptin 394 1,653 0.051 -3.15 196 6 -130 -238to-022 -274 321 0.010 394 1,653 0.051
IL-6-+adiponectin 028 1,657 0597 |-746 203 6 -052 -153t0+049 -106 277 0300 028 1,657 0597 Obese (%) 47.9 54.2
IL-Tra+leptin 060 1,714 0441 -5.80 254 5 -073 -178to+032 -143 321 0.162 060 1,714 0441
IL-1ra+adiponectin 0.00 1,529 0.954 1044 233 4 -052 -167to+4+063 -092 281 0367 0.00 1,529 0.954
Leptin+adiponectin  1.22 1,721 0.274 -5.42 186 6 -092 -192to+007 -199 382 0.054 122 1,721 0274




UN TRAITEMENT ADJUVANT PAR EPA + DHA AUGMENTE LA REPONSE AU
TRAITEMENT ANTIDEPRESSEUR CHEZ DES PATIENTS DEPRIMES AVEC UN PROFIL

INFLAMMATOIRE (HSCRP 2 1 MG/L)

5 * * Bl CRP1+,n=56
30 - MEN CRP1-, n=45
20-

~

=)

=

<

=
10-

0 T T !
BL w4 ws

Patients déprimés non-répondeurs (traitement actuel; durée > 6 semaines).

Traitement adjuvant par omégas-3 (2.2 g EPA, 400 mg DHA, 800 mg autres AG, + extraits
riches en tocopherol)

Suneson et al., Brain Behav Immun, 2024



UN FAIBLE STATUT EN OMEGAS-3 PREDIT

UNE MAUVAISE REPONSE AUX ANTIDEPRESSEURS
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UN FAIBLE STATUT EN OMEGAS-3 EST ASSOCIE

A L'ACTIVATION D’'IDO CHEZ LES PATIENTS DEPRIMES

{ A
All LI HI )
Characteristics
(n=52) (=34 (0=18) value hsCRP threshold = 1 mg/L
\, V.
Age, years (SD) 408 (11.9) | 39.6(11.8)  43.3(120) 0292 40-
*
Women, n (%) 33 (63.5) 15 (44.1) 4.(22.2) 0.119
2 30
BMI, kg/m? (SD) 242 (4.2) 23.5(4.1) 255(42)  0.099 % =S
o
hsCRP, ng/mL (SD) 1.7 2.4) 0.45 (0.15) 4227  <0.001 E 204
=z
PUFA variables ; 104
EPA, % total FA (SD) ® 1.4 (0.6) 1.5 (0.6) 1.1 (0.3) <0.01
DHA, % total FA (SD) 2.8 (2.0) 3.1 (2.0) 22(1.9) 0.120 LI HI
®-6/w-3 ratio, value (SD) 6.2 (3.3) 5.6 (3.0) 7.6 (3.4) <0.05 O Low inflammation
©-3 index, value (SD) 42(2.3) 4.6 (2.3) 3.4(2.2) 0.064 @ High inflammation
49 p<0.001 81 p<0.05 20- 104
R B=-0.493 B=-0.324
31 61 15 &
i) x
< < ® 3 6
& 2 -3k o 101 £
3 ? 4
© 3
14 2- ? 5.
8 2
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L'HUILE DE POISSON ATTENUE LES SYMPTOMES DEPRESSIFS

INDUITS PAR L'INFLAMMATION VIA LA VOIE IDO/KYN CHEZ LA SOURIS

Y
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De Gomes et al., J Nutr Biochem, 2018



TABLE 1
The American Journal of Clinical Nutrition Baseline characteristics of study participants (W = 51,
Available online 3 October 2025
In Press, Uncorrected Proof (&) What's this? S Placeha (n = 2] Eaffron (n = 27
Socindemographic c<harscieristics
Original Research Article A"EL I:'I:I 508 L i
- Sarn
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L’EXTRAIT DE SAFRAN LIMITE L'ACTIVATION CENTRALE DE LA VOIE

DE LA KYNURENINE INDUITE PAR L'INFLAMMATION CHEZ LA SOURIS
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CONCLUSIONS ET IMPLICATIONS CLINIQUES
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NOUS RETROUVER...
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LES RELATIONS IMMUNITE — CERVEAU
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