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NORMAL PATHOLOGIQUE
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VIEILLIR AVEC UN TND?

v très peu de données
v enjeu de santé publique



⦿ c’est quoi vieillir ?
⦿ comment repérer le vieillissement pathologique ?
⦿ pourquoi repérer ? 



REPÉRER LE VIEILLISSEMENT 
PATHOLOGIQUE

v Quels points d’appel ?

ü fatigue
ü comportements défi
ü perte d’autonomie
ü chutes, troubles de la marche
ü troubles de la déglutition

⇥ syndromes gériatriques?



REPÉRER LE VIEILLISSEMENT 
PATHOLOGIQUE

v Quels syndromes gériatriques ?
ü fragilité 

Clegg, Lancet, 2013



REPÉRER LE VIEILLISSEMENT 
PATHOLOGIQUE

v Quels syndromes gériatriques ?
ü multimorbidité 

o  ≥ 2 conditions chroniques de santé

Articles
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Results
We analysed data from 1 751 841 patients (about a third 
of the Scottish population) from 314 Scottish medical 
practices. Table 1 shows the demographic characteristics 
of the study population, the proportion of those with 
multimorbidity, and the proportion with physical and 
mental health comorbidity. Men and women were 
equally represented, as were all deprivation deciles. 
42·2% (95% CI 42·1–42·3) of the population had one or 
more chronic morbidities, 23·2% (23·1–23·2) had 
multimorbidity, and 8·3% (8·3–8·4) had physical and 
mental health comorbidity. Of people with at least one 
morbidity, 54·9% (54·8–55·0) had multimorbidity and 
19·8% (19·8–19·9) had physical and mental health 
comorbidity. Most people with common chronic mor-
bidities had at least two, and frequently more, other 
disorders (appendix).

The number of morbidities and the proportion of 
people with multimorbidity increased substantially with 
age (table 1). By age 50 years, half of the population had 
at least one morbidity, and by age 65 years most were 
multimorbid (fi gure 1). However, in absolute terms, 
more people with multimorbidity were younger than 
65 years than 65 years and older (210 500 vs 194 966), 
although older people had more morbidities on average 
(table 1).

The crude prevalence of multimorbidity increased 
modestly with the deprivation of the area in which patients 
lived (19·5%, 95% CI 19·3–19·6, in the most affl  uent 
areas vs 24·1%, 23·9–24·4, in the most deprived; 
diff erence 4·6%, 95% CI 4·3–4·9; table 1). However, this 
fi nding should be interpreted with caution because the 
population in more deprived areas was, on average, 
younger (median age 37 years [IQR 21–53] in the most 
deprived areas vs 42 years [IQR 22–58] in the most affl  uent 
areas). People living in more deprived areas were more 
likely to be multimorbid than were those living in the 
most affl  uent areas at all ages, apart from those aged 
85 years and older (fi gure 2). Young and middle-aged 
adults living in the most deprived areas had rates of 
multimorbidity equivalent to those aged 10–15 years older 
in the most affl  uent areas (fi gure 2 and appendix).

8·3% (95% CI 8·3–8·4) of all patients, and 36·0% 
(35·9–36·2) of people with multimorbidity, had both a 
physical and a mental health disorder. The prevalence of 
physical and mental health comorbidity was higher in 
women than in men, and was substantially higher in older 
people than in younger people (table 1). Although older 
people were much more likely to have physical–mental 
health comorbidity, the absolute numbers were greater in 
younger people (90 139 people <65 years vs 55 912 people 
≥65 years). The crude socioeconomic gradient in physical–
mental health comorbidity was greater than that for any 
multimorbidity, with a near doubling in prevalence in the 
most deprived versus the most affl  uent areas (table 1; 
diff erence 5·1%, 95% CI 4·9–5·3). In the logistic regres-
sion analysis with the presence of any mental health 

disorder as the outcome (table 2), we noted a non-linear 
association with age, so we included an age-squared term 
in the model. The predicted probability of having a mental 
health disorder increased with age up until about age 
60 years, and then decreased (data not shown). Men were 
less likely to have a mental health disorder than were 
women, and those in the most deprived decile were more 
than twice as likely to have a mental health disorder than 
were those in the most affl  uent decile (adjusted OR 2·28, 
95% CI 2·21–2·32). The presence of a mental health 
disorder was strongly associated with the number of 
physical disorders that an individual had—eg, people with 
fi ve or more disorders had an OR of 6·74 (95% CI 
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Figure 1: Number of chronic disorders by age-group
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Figure 2: Prevalence of multimorbidity by age and socioeconomic status 
On socioeconomic status scale, 1=most affl  uent and 10=most deprived.

Barnett, Lancet, 2012



REPÉRER LE VIEILLISSEMENT 
PATHOLOGIQUE

v Quels syndromes gériatriques ?
ü multimorbidité 

o  ≥ 2 conditions chroniques de santé
o  inflammaging

Ferrucci, 2018
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v Quels syndromes gériatriques ?
ü troubles neurocognitifs majeurs

o  vulnérabilité frontale
o  vulnérabilité cholinergique



REPÉRER LE VIEILLISSEMENT 
PATHOLOGIQUE

v Quels syndromes gériatriques ?
ü troubles neurocognitifs majeurs

o  vulnérabilité frontale
o  vulnérabilité cholinergique
o  réserves physiologiques +++

Prévention
Réparation
Adaptation

50%
Cognitive aging heterogeneity

Resistance 
Maintenance 
Resilience



REPÉRER le VIEILLISSEMENT 
PATHOLOGIQUE dans les TND

v Pourquoi ?
• inflammageing précoce?

profil inflammatoire
Fig. 3. Activated Caspase-1. Activated caspase-1 (p20) in serum (A) or in supernatants of LPS-primed and ATP-stimulated immune cells (B) of children with autism syndrome
(ASD), their healthy sibling (HS), and in healthy children (HC). Summary results are shown in the bar graphs. The boxes stretch from the 25 to the 75 percentile; the line across
the boxes indicates the median values; the lines stretching from the boxes indicate extreme values. Outside values are displayed as separate points. Statistical significance is
shown *(p < 0.05), **(p < 0.01).

Fig. 4. Inflammasome cytokine production. Interleukin-1b and IL-18 in serum (A and C) or in supernatants of LPS-primed and ATP-stimulated immune cells (B and D) of
children with autism syndrome (ASD), their healthy sibling (HS), and in healthy children (HC). Summary results are shown in the bar graphs. The boxes stretch from the 25 to
the 75 percentile; the line across the boxes indicates the median values; the lines stretching from the boxes indicate extreme values. Outside values are displayed as separate
points. Statistical significance is shown *(p < 0.05), **(p < 0.01).

Fig. 5. Microbial translocation and gut barrier permeability markers. LPS (Panel A), I-FABP (Panel B), and sCD14 (C) concentration (pg/ml) in plasma of children with autism
syndrome (ASD), their healthy sibling (HS), and in healthy children (HC). Summary results are shown in the bar graphs. The boxes stretch from the 25 to the 75 percentile; the
line across the boxes indicates the median values; the lines stretching from the boxes indicate extreme values. Outside values are displayed as separate points. Statistical
significance is shown *(p < 0.05), **(p < 0.01).

130 M. Saresella et al. / Brain, Behavior, and Immunity 57 (2016) 125–133

was significantly increased in ASD compared to HS and HC (nFold
P10 in both cases) (Fig. 1).

Finally, and confirming that ASD-associated inflammation is a
complex phenomenon, the proinflammatory cytokine IL-6 and
the inflammation-supporting CXC chemokines CXCL2 and CXCL1
were significantly increased as well in LPS-primed and ATP-
stimulated cells of ASD children (nFold P10) (Fig. 1).

3.3. Validation of results by real time PCR

To validate the findings obtained when samples were pooled in
3 different groups (ASD, HS, HC) (see above), further analyses were
performed using real-time PCR on the molecular targets that
showed marked differences between pools; these targets were
individually retested in each of the children included in the study.
In particular, RT PCR analyses were used to verify the expression of
NLRP3, PYCARD and caspase-1, as well as that of IL-1b, IL-18 and
IL-37 in LPS-primed and ATP-stimulated cells. Results confirmed
that mRNA for these proteins is significantly increased in ASD
(nFold P5) compared to HS (NLRP3, Caspase-1, IL-1b, IL-18:
p < 0.05; PYCARD and IL-37: p < 0.001) and HC children
(p < 0.001 for all proteins) (Fig. 2).

3.4. Caspase-1 concentration is increased in serum and in LPS-primed
and ATP-stimulated-PBMC supernatants of ASD

Caspase-1 derives from the cleavage of the progenitor protein
procaspase-1 upon the formation of an active inflammasome com-
plex. To further verify whether inflammasome complexes are
assembled in cells of ASD children, active caspase-1 (p20) concen-
tration was evaluated in serum and in supernatants of LPS-primed
and ATP-stimulated-cells. Results confirmed that the concentra-
tion of caspase-1 in serum and supernatant was significantly
increased in ASD (medians: serum = 104 pg/ml; super-
natants = 276 pg/ml) compared to HS (medians: serum = 21 pg/ml,

p < 0.01; supernatant: 108 pg/ml, p < 0.01) and HC children
(medians: serum 32 pg/ml, p < 0.05; supernatant 111 pg/ml,
p < 0.01). These data are presented in Fig. 3A and B.

3.5. Concentration of inflammasome-derived cytokines in serum and
in supernatants of LPS-primed and ATP-stimulated-PBMC

IL-1b and IL-18 production by LPS-primed and ATP-stimulated
cells, as well as their serum concentration was evaluated in all
patients and controls. Results confirmed that these cytokines are
significantly increased in ASD (medians: serum IL-1b = 14 pg/ml,
IL-18 = 168 pg/ml; supernatants IL-1b = 994 pg/ml, IL-18 = 491 pg/ml)
compared to HS (medians: serum IL-1b = 5 pg/ml, IL-18 =
76 pg/ml; supernatants IL-1b = 365 pg/ml, IL-18 = 32 pg/ml; p < 0.01
for all comparisons) and HC children (medians: serum IL-1b =
2.5 pg/ml, IL-18 = 73 pg/ml; p < 0.01; supernatants IL-1b = 680 pg/ml
p < 0.05, IL-18 = 312 pg/ml; p < 0.01). These data are presented
in Fig. 4.

3.6. Microbial translocation and gut barrier permeability

LPS translocates from the intestinal lumen to peripheral circula-
tion when the integrity of the GI barrier is altered. I-FABP is
released into the circulation in case of enterocyte damage and
intestinal ischemia. sCD14, finally, is secreted by the liver and by
the intestinal monocytes in response to LPS. Results showed that,
whereas no differences were observed in plasma LPS concentration
between the 3 groups, the concentration of I-FABP was greatly aug-
mented whereas that of sCD14 was significantly reduced in both
ASD (medians: I-IFAB = 148 pg/ml; sCD14 = 16 pg/ml) and HS
(medians: I-IFAB = 123 pg/ml; sCD14 = 18 pg/ml) compared to HC
children (median: I-IFAB = 19 pg/ml; sCD14 = 150.000 pg/ml)
(I-IFAB: ASD and HS vs. HC p < 0.001; sCD14: ASD and HS vs.
HC p < 0.0005) (Fig. 5).

Fig. 2. mRNA expression by Real-Time PCR. Single Real-Time PCR results obtained in LPS and ATP-stimulated cells of children with autism syndrome (ASD), their healthy
sibling (HS), and in healthy children (HC). NLRP3 (Panel A), PYCARD (Panel B), caspase 1 (Panel C), IL1b (Panel D), IL18 (Panel E) and IL-37 (Panel F) mRNA levels are shown.
The results are indicated as fold-change expression from the unstimulated samples. Summary results are shown in the bar graphs. The boxes stretch from the 25 to the 75
percentile; the line across the boxes indicates the median values; the lines stretching from the boxes indicate extreme values. Outside values are displayed as separate points.
Statistical significance is shown *(p < 0.05), **(p < 0.01).
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Fig. 3. Activated Caspase-1. Activated caspase-1 (p20) in serum (A) or in supernatants of LPS-primed and ATP-stimulated immune cells (B) of children with autism syndrome
(ASD), their healthy sibling (HS), and in healthy children (HC). Summary results are shown in the bar graphs. The boxes stretch from the 25 to the 75 percentile; the line across
the boxes indicates the median values; the lines stretching from the boxes indicate extreme values. Outside values are displayed as separate points. Statistical significance is
shown *(p < 0.05), **(p < 0.01).

Fig. 4. Inflammasome cytokine production. Interleukin-1b and IL-18 in serum (A and C) or in supernatants of LPS-primed and ATP-stimulated immune cells (B and D) of
children with autism syndrome (ASD), their healthy sibling (HS), and in healthy children (HC). Summary results are shown in the bar graphs. The boxes stretch from the 25 to
the 75 percentile; the line across the boxes indicates the median values; the lines stretching from the boxes indicate extreme values. Outside values are displayed as separate
points. Statistical significance is shown *(p < 0.05), **(p < 0.01).

Fig. 5. Microbial translocation and gut barrier permeability markers. LPS (Panel A), I-FABP (Panel B), and sCD14 (C) concentration (pg/ml) in plasma of children with autism
syndrome (ASD), their healthy sibling (HS), and in healthy children (HC). Summary results are shown in the bar graphs. The boxes stretch from the 25 to the 75 percentile; the
line across the boxes indicates the median values; the lines stretching from the boxes indicate extreme values. Outside values are displayed as separate points. Statistical
significance is shown *(p < 0.05), **(p < 0.01).

130 M. Saresella et al. / Brain, Behavior, and Immunity 57 (2016) 125–133

Saresella, 2016
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⬈ multimorbiditéprofil inflammatoire
Fig. 3. Activated Caspase-1. Activated caspase-1 (p20) in serum (A) or in supernatants of LPS-primed and ATP-stimulated immune cells (B) of children with autism syndrome
(ASD), their healthy sibling (HS), and in healthy children (HC). Summary results are shown in the bar graphs. The boxes stretch from the 25 to the 75 percentile; the line across
the boxes indicates the median values; the lines stretching from the boxes indicate extreme values. Outside values are displayed as separate points. Statistical significance is
shown *(p < 0.05), **(p < 0.01).

Fig. 4. Inflammasome cytokine production. Interleukin-1b and IL-18 in serum (A and C) or in supernatants of LPS-primed and ATP-stimulated immune cells (B and D) of
children with autism syndrome (ASD), their healthy sibling (HS), and in healthy children (HC). Summary results are shown in the bar graphs. The boxes stretch from the 25 to
the 75 percentile; the line across the boxes indicates the median values; the lines stretching from the boxes indicate extreme values. Outside values are displayed as separate
points. Statistical significance is shown *(p < 0.05), **(p < 0.01).

Fig. 5. Microbial translocation and gut barrier permeability markers. LPS (Panel A), I-FABP (Panel B), and sCD14 (C) concentration (pg/ml) in plasma of children with autism
syndrome (ASD), their healthy sibling (HS), and in healthy children (HC). Summary results are shown in the bar graphs. The boxes stretch from the 25 to the 75 percentile; the
line across the boxes indicates the median values; the lines stretching from the boxes indicate extreme values. Outside values are displayed as separate points. Statistical
significance is shown *(p < 0.05), **(p < 0.01).
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was significantly increased in ASD compared to HS and HC (nFold
P10 in both cases) (Fig. 1).

Finally, and confirming that ASD-associated inflammation is a
complex phenomenon, the proinflammatory cytokine IL-6 and
the inflammation-supporting CXC chemokines CXCL2 and CXCL1
were significantly increased as well in LPS-primed and ATP-
stimulated cells of ASD children (nFold P10) (Fig. 1).

3.3. Validation of results by real time PCR

To validate the findings obtained when samples were pooled in
3 different groups (ASD, HS, HC) (see above), further analyses were
performed using real-time PCR on the molecular targets that
showed marked differences between pools; these targets were
individually retested in each of the children included in the study.
In particular, RT PCR analyses were used to verify the expression of
NLRP3, PYCARD and caspase-1, as well as that of IL-1b, IL-18 and
IL-37 in LPS-primed and ATP-stimulated cells. Results confirmed
that mRNA for these proteins is significantly increased in ASD
(nFold P5) compared to HS (NLRP3, Caspase-1, IL-1b, IL-18:
p < 0.05; PYCARD and IL-37: p < 0.001) and HC children
(p < 0.001 for all proteins) (Fig. 2).

3.4. Caspase-1 concentration is increased in serum and in LPS-primed
and ATP-stimulated-PBMC supernatants of ASD

Caspase-1 derives from the cleavage of the progenitor protein
procaspase-1 upon the formation of an active inflammasome com-
plex. To further verify whether inflammasome complexes are
assembled in cells of ASD children, active caspase-1 (p20) concen-
tration was evaluated in serum and in supernatants of LPS-primed
and ATP-stimulated-cells. Results confirmed that the concentra-
tion of caspase-1 in serum and supernatant was significantly
increased in ASD (medians: serum = 104 pg/ml; super-
natants = 276 pg/ml) compared to HS (medians: serum = 21 pg/ml,

p < 0.01; supernatant: 108 pg/ml, p < 0.01) and HC children
(medians: serum 32 pg/ml, p < 0.05; supernatant 111 pg/ml,
p < 0.01). These data are presented in Fig. 3A and B.

3.5. Concentration of inflammasome-derived cytokines in serum and
in supernatants of LPS-primed and ATP-stimulated-PBMC

IL-1b and IL-18 production by LPS-primed and ATP-stimulated
cells, as well as their serum concentration was evaluated in all
patients and controls. Results confirmed that these cytokines are
significantly increased in ASD (medians: serum IL-1b = 14 pg/ml,
IL-18 = 168 pg/ml; supernatants IL-1b = 994 pg/ml, IL-18 = 491 pg/ml)
compared to HS (medians: serum IL-1b = 5 pg/ml, IL-18 =
76 pg/ml; supernatants IL-1b = 365 pg/ml, IL-18 = 32 pg/ml; p < 0.01
for all comparisons) and HC children (medians: serum IL-1b =
2.5 pg/ml, IL-18 = 73 pg/ml; p < 0.01; supernatants IL-1b = 680 pg/ml
p < 0.05, IL-18 = 312 pg/ml; p < 0.01). These data are presented
in Fig. 4.

3.6. Microbial translocation and gut barrier permeability

LPS translocates from the intestinal lumen to peripheral circula-
tion when the integrity of the GI barrier is altered. I-FABP is
released into the circulation in case of enterocyte damage and
intestinal ischemia. sCD14, finally, is secreted by the liver and by
the intestinal monocytes in response to LPS. Results showed that,
whereas no differences were observed in plasma LPS concentration
between the 3 groups, the concentration of I-FABP was greatly aug-
mented whereas that of sCD14 was significantly reduced in both
ASD (medians: I-IFAB = 148 pg/ml; sCD14 = 16 pg/ml) and HS
(medians: I-IFAB = 123 pg/ml; sCD14 = 18 pg/ml) compared to HC
children (median: I-IFAB = 19 pg/ml; sCD14 = 150.000 pg/ml)
(I-IFAB: ASD and HS vs. HC p < 0.001; sCD14: ASD and HS vs.
HC p < 0.0005) (Fig. 5).

Fig. 2. mRNA expression by Real-Time PCR. Single Real-Time PCR results obtained in LPS and ATP-stimulated cells of children with autism syndrome (ASD), their healthy
sibling (HS), and in healthy children (HC). NLRP3 (Panel A), PYCARD (Panel B), caspase 1 (Panel C), IL1b (Panel D), IL18 (Panel E) and IL-37 (Panel F) mRNA levels are shown.
The results are indicated as fold-change expression from the unstimulated samples. Summary results are shown in the bar graphs. The boxes stretch from the 25 to the 75
percentile; the line across the boxes indicates the median values; the lines stretching from the boxes indicate extreme values. Outside values are displayed as separate points.
Statistical significance is shown *(p < 0.05), **(p < 0.01).
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Fig. 3. Activated Caspase-1. Activated caspase-1 (p20) in serum (A) or in supernatants of LPS-primed and ATP-stimulated immune cells (B) of children with autism syndrome
(ASD), their healthy sibling (HS), and in healthy children (HC). Summary results are shown in the bar graphs. The boxes stretch from the 25 to the 75 percentile; the line across
the boxes indicates the median values; the lines stretching from the boxes indicate extreme values. Outside values are displayed as separate points. Statistical significance is
shown *(p < 0.05), **(p < 0.01).

Fig. 4. Inflammasome cytokine production. Interleukin-1b and IL-18 in serum (A and C) or in supernatants of LPS-primed and ATP-stimulated immune cells (B and D) of
children with autism syndrome (ASD), their healthy sibling (HS), and in healthy children (HC). Summary results are shown in the bar graphs. The boxes stretch from the 25 to
the 75 percentile; the line across the boxes indicates the median values; the lines stretching from the boxes indicate extreme values. Outside values are displayed as separate
points. Statistical significance is shown *(p < 0.05), **(p < 0.01).

Fig. 5. Microbial translocation and gut barrier permeability markers. LPS (Panel A), I-FABP (Panel B), and sCD14 (C) concentration (pg/ml) in plasma of children with autism
syndrome (ASD), their healthy sibling (HS), and in healthy children (HC). Summary results are shown in the bar graphs. The boxes stretch from the 25 to the 75 percentile; the
line across the boxes indicates the median values; the lines stretching from the boxes indicate extreme values. Outside values are displayed as separate points. Statistical
significance is shown *(p < 0.05), **(p < 0.01).

130 M. Saresella et al. / Brain, Behavior, and Immunity 57 (2016) 125–133

Saresella, 2016
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⬈ multimorbiditéprofil inflammatoire ⬈ fragilité
Fig. 3. Activated Caspase-1. Activated caspase-1 (p20) in serum (A) or in supernatants of LPS-primed and ATP-stimulated immune cells (B) of children with autism syndrome
(ASD), their healthy sibling (HS), and in healthy children (HC). Summary results are shown in the bar graphs. The boxes stretch from the 25 to the 75 percentile; the line across
the boxes indicates the median values; the lines stretching from the boxes indicate extreme values. Outside values are displayed as separate points. Statistical significance is
shown *(p < 0.05), **(p < 0.01).

Fig. 4. Inflammasome cytokine production. Interleukin-1b and IL-18 in serum (A and C) or in supernatants of LPS-primed and ATP-stimulated immune cells (B and D) of
children with autism syndrome (ASD), their healthy sibling (HS), and in healthy children (HC). Summary results are shown in the bar graphs. The boxes stretch from the 25 to
the 75 percentile; the line across the boxes indicates the median values; the lines stretching from the boxes indicate extreme values. Outside values are displayed as separate
points. Statistical significance is shown *(p < 0.05), **(p < 0.01).

Fig. 5. Microbial translocation and gut barrier permeability markers. LPS (Panel A), I-FABP (Panel B), and sCD14 (C) concentration (pg/ml) in plasma of children with autism
syndrome (ASD), their healthy sibling (HS), and in healthy children (HC). Summary results are shown in the bar graphs. The boxes stretch from the 25 to the 75 percentile; the
line across the boxes indicates the median values; the lines stretching from the boxes indicate extreme values. Outside values are displayed as separate points. Statistical
significance is shown *(p < 0.05), **(p < 0.01).

130 M. Saresella et al. / Brain, Behavior, and Immunity 57 (2016) 125–133

was significantly increased in ASD compared to HS and HC (nFold
P10 in both cases) (Fig. 1).

Finally, and confirming that ASD-associated inflammation is a
complex phenomenon, the proinflammatory cytokine IL-6 and
the inflammation-supporting CXC chemokines CXCL2 and CXCL1
were significantly increased as well in LPS-primed and ATP-
stimulated cells of ASD children (nFold P10) (Fig. 1).

3.3. Validation of results by real time PCR

To validate the findings obtained when samples were pooled in
3 different groups (ASD, HS, HC) (see above), further analyses were
performed using real-time PCR on the molecular targets that
showed marked differences between pools; these targets were
individually retested in each of the children included in the study.
In particular, RT PCR analyses were used to verify the expression of
NLRP3, PYCARD and caspase-1, as well as that of IL-1b, IL-18 and
IL-37 in LPS-primed and ATP-stimulated cells. Results confirmed
that mRNA for these proteins is significantly increased in ASD
(nFold P5) compared to HS (NLRP3, Caspase-1, IL-1b, IL-18:
p < 0.05; PYCARD and IL-37: p < 0.001) and HC children
(p < 0.001 for all proteins) (Fig. 2).

3.4. Caspase-1 concentration is increased in serum and in LPS-primed
and ATP-stimulated-PBMC supernatants of ASD

Caspase-1 derives from the cleavage of the progenitor protein
procaspase-1 upon the formation of an active inflammasome com-
plex. To further verify whether inflammasome complexes are
assembled in cells of ASD children, active caspase-1 (p20) concen-
tration was evaluated in serum and in supernatants of LPS-primed
and ATP-stimulated-cells. Results confirmed that the concentra-
tion of caspase-1 in serum and supernatant was significantly
increased in ASD (medians: serum = 104 pg/ml; super-
natants = 276 pg/ml) compared to HS (medians: serum = 21 pg/ml,

p < 0.01; supernatant: 108 pg/ml, p < 0.01) and HC children
(medians: serum 32 pg/ml, p < 0.05; supernatant 111 pg/ml,
p < 0.01). These data are presented in Fig. 3A and B.

3.5. Concentration of inflammasome-derived cytokines in serum and
in supernatants of LPS-primed and ATP-stimulated-PBMC

IL-1b and IL-18 production by LPS-primed and ATP-stimulated
cells, as well as their serum concentration was evaluated in all
patients and controls. Results confirmed that these cytokines are
significantly increased in ASD (medians: serum IL-1b = 14 pg/ml,
IL-18 = 168 pg/ml; supernatants IL-1b = 994 pg/ml, IL-18 = 491 pg/ml)
compared to HS (medians: serum IL-1b = 5 pg/ml, IL-18 =
76 pg/ml; supernatants IL-1b = 365 pg/ml, IL-18 = 32 pg/ml; p < 0.01
for all comparisons) and HC children (medians: serum IL-1b =
2.5 pg/ml, IL-18 = 73 pg/ml; p < 0.01; supernatants IL-1b = 680 pg/ml
p < 0.05, IL-18 = 312 pg/ml; p < 0.01). These data are presented
in Fig. 4.

3.6. Microbial translocation and gut barrier permeability

LPS translocates from the intestinal lumen to peripheral circula-
tion when the integrity of the GI barrier is altered. I-FABP is
released into the circulation in case of enterocyte damage and
intestinal ischemia. sCD14, finally, is secreted by the liver and by
the intestinal monocytes in response to LPS. Results showed that,
whereas no differences were observed in plasma LPS concentration
between the 3 groups, the concentration of I-FABP was greatly aug-
mented whereas that of sCD14 was significantly reduced in both
ASD (medians: I-IFAB = 148 pg/ml; sCD14 = 16 pg/ml) and HS
(medians: I-IFAB = 123 pg/ml; sCD14 = 18 pg/ml) compared to HC
children (median: I-IFAB = 19 pg/ml; sCD14 = 150.000 pg/ml)
(I-IFAB: ASD and HS vs. HC p < 0.001; sCD14: ASD and HS vs.
HC p < 0.0005) (Fig. 5).

Fig. 2. mRNA expression by Real-Time PCR. Single Real-Time PCR results obtained in LPS and ATP-stimulated cells of children with autism syndrome (ASD), their healthy
sibling (HS), and in healthy children (HC). NLRP3 (Panel A), PYCARD (Panel B), caspase 1 (Panel C), IL1b (Panel D), IL18 (Panel E) and IL-37 (Panel F) mRNA levels are shown.
The results are indicated as fold-change expression from the unstimulated samples. Summary results are shown in the bar graphs. The boxes stretch from the 25 to the 75
percentile; the line across the boxes indicates the median values; the lines stretching from the boxes indicate extreme values. Outside values are displayed as separate points.
Statistical significance is shown *(p < 0.05), **(p < 0.01).

M. Saresella et al. / Brain, Behavior, and Immunity 57 (2016) 125–133 129

Fig. 3. Activated Caspase-1. Activated caspase-1 (p20) in serum (A) or in supernatants of LPS-primed and ATP-stimulated immune cells (B) of children with autism syndrome
(ASD), their healthy sibling (HS), and in healthy children (HC). Summary results are shown in the bar graphs. The boxes stretch from the 25 to the 75 percentile; the line across
the boxes indicates the median values; the lines stretching from the boxes indicate extreme values. Outside values are displayed as separate points. Statistical significance is
shown *(p < 0.05), **(p < 0.01).

Fig. 4. Inflammasome cytokine production. Interleukin-1b and IL-18 in serum (A and C) or in supernatants of LPS-primed and ATP-stimulated immune cells (B and D) of
children with autism syndrome (ASD), their healthy sibling (HS), and in healthy children (HC). Summary results are shown in the bar graphs. The boxes stretch from the 25 to
the 75 percentile; the line across the boxes indicates the median values; the lines stretching from the boxes indicate extreme values. Outside values are displayed as separate
points. Statistical significance is shown *(p < 0.05), **(p < 0.01).

Fig. 5. Microbial translocation and gut barrier permeability markers. LPS (Panel A), I-FABP (Panel B), and sCD14 (C) concentration (pg/ml) in plasma of children with autism
syndrome (ASD), their healthy sibling (HS), and in healthy children (HC). Summary results are shown in the bar graphs. The boxes stretch from the 25 to the 75 percentile; the
line across the boxes indicates the median values; the lines stretching from the boxes indicate extreme values. Outside values are displayed as separate points. Statistical
significance is shown *(p < 0.05), **(p < 0.01).

130 M. Saresella et al. / Brain, Behavior, and Immunity 57 (2016) 125–133

Saresella, 2016



REPÉRER le VIEILLISSEMENT 
PATHOLOGIQUE dans les TND

v Pourquoi ?
•  vulnérabilité frontale ? (Courchesne, 2005)

• Dysconnectivité frontale
• Réserve vs fragilité ?

Page 7 of 16Schmitt et al. Molecular Autism           (2022) 13:47  

demonstrated increased connectivity strength relative to 
their TDC counterparts in left frontal regions, specifically 
in connections caudal middle frontal–superior frontal 
(adj. p = 0.032), pars opercularis–superior frontal (adj. 
p = 0.024), and pars triangularis–rostral middle frontal 
(adj. p = 0.002). In the left prefrontal region (Fig. 3B), sig-
nificantly increased connectivity strength in FXS relative 
to TDC remained. Female with FXS had two unique con-
nections frontal pole–lateral orbitofrontal (adj. p < 0.0001) 
and frontal pole–pars orbitalis. In the right frontal region, 
females with FXS showed increased connectivity strength 
compared to control females in connections caudal mid-

dle frontal–superior frontal (adj. p = 0.031) and pars 
opercularis–pars triangularis (adj. p = 0.031). In the right 
prefrontal region (Fig. 3E), the FXS group demonstrated 
increased connectivity strength compared to TDC across 
all connections. In the model for cross-hemisphere con-
nections (Fig.  3C), increased connectivity strength was 
observed in FXS relative to TDC, though sexes differed 
slightly in which connections were found to be significant.

Accounting for  stimulant use In FXS participants, the 
use of stimulants did not show any effect on gamma band 
connectivity strength across connections.

Fig. 3 Circular chart of connections highlighting significant group differences in connectivity after accounting for nonverbal IQ. Statistically 
significant group differences (multiple comparisons were FDR corrected per model) for band-specific connectivity depicted in regions a left frontal, 
b left prefrontal, c cross-hemisphere, d right frontal, and e right prefrontal. Male and females are shown separately when an interaction with sex 
was significant. Green ribbon denotes significant FXS > TDC connections, and red ribbon denotes significant FXS < TDC connections. Darker colors 
represent higher T values. Atlas abbreviations: cMFG caudal middle frontal, FP frontal pole, LOF lateral orbitofrontal, MOF medial orbitofrontal, pOPER 
pars opercularis, pORB pars orbitalis, pTRI pars triangularis, rMFG rostral middle frontal, sFG superior frontal

Schmitt, 2022

cortex (ACC) (BA 32), left cingulate gyrus (BA 31), and
gray matter volume (48, 22, 16). Based on the ALE out-
put, the left ACC cluster was contributed to by foci from
two studies [Gilbert et al., 2008; Shafritz et al., 2015], the
left cingulate gyrus cluster was contributed to by foci
from one study [Voorhies et al., 2018], and the gray mat-
ter volume cluster was contributed to by foci from two
studies [Duerden et al., 2012; Yerys et al., 2015] (Fig. 3
and Table 4).

Age-Related Differences

Under 25 years. In the ASD group, there were no signifi-
cant clusters in the under 25 age group while performing
EF tasks. In the TD group, there were two significant clus-
ters in the right SFG (BA 6) and right insula (BA 13).
Based on the ALE output, the right SFG cluster was con-
tributed to by foci from six studies [Just et al., 2007;
Shafritz et al., 2015; Solomon et al., 2009; Vogan

Table 5. Age-Related Within-Group Effects

x y z ALE P Z Cluster size (mm3) Labela

TD
Under 25
1 2 18 50 0.01661716 2.81E-06 4.540231 2816 BA 6
1 10 22 38 0.01308895 5.67E-05 3.860062 2816 BA 32
1 12 26 34 0.01274206 7.10E-05 3.8048072 2816 BA 32
2 32 26 0 0.02055806 1.14E-07 5.1747227 1888 Claustrum gray matter
Over 25
1 40 16 46 0.01138298 7.36E-05 3.7956955 1592 BA 6
1 24 18 50 0.01017592 1.71E-04 3.5805771 1592 BA 6
1 40 8 46 0.00893045 3.99E-04 3.3537176 1592 BA 6
ASD
Over 25
1 −36 22 0 0.01411195 2.95E-06 4.5300217 1480 BA 13
1 −34 26 −14 0.00871177 4.19E-04 3.3398817 1480 BA 47

Abbreviations: ALE, activation likelihood estimation; ASD, Autism Spectrum Disorder; TD, Typically Developing.
aNearest gray matter within 5 mm.

Figure 4. Overlap of within-group activity in ASD (yellow) and TD (red) for studies with participants under 25 years of age (top panel)
and for participants older than 25 years (bottom panel). ASD, Autism Spectrum Disorder; TD, Typically Developing.
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v Quels outils ?
ü fragilité

GRIP test
Étude EFAAR (TSA+TDI) : 45% non réalisable

v Perte de poids
v Fatigue
v Baisse des activités
v Vitesse de marche diminuée
v Faiblesse musculaire
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REPÉRER le VIEILLISSEMENT 
PATHOLOGIQUE dans les TND

v Quels outils ?
ü troubles neurocognitifs majeurs

o  échelles neuropsychologiques ?
• Endophénotypes cognitifs
• Hétéroévaluation, ex: DSQIID (Deb, 2007) 
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v Quels outils ?
ü troubles neurocognitifs majeurs

o imagerie cérébrale ?

(Mitelman, 2018)
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v Quels outils ?
ü troubles neurocognitifs majeurs

o biomarqueurs sanguins ?

Fortea, 2020
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ü consultation gériatrique dédiée

o Prévention
• Conseils hygiéno-diététiques
• Comorbidités somatiques (CV, IRC, SAOS)
• Polymédication 

o Dépistage syndromes gériatriques
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• Dosage NfL sérique (Pr Lehmann et Hirtz)
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o Dépistage syndromes gériatriques
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v Quelles modalités ?
ü HDJ

o Évaluation pluridisciplinaire
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v Quelles modalités ?
üConsultation génétique (Pr David Geneviève)

o Personnalisation des soins
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Þ recommandations de bonnes pratiques



⦿ c’est quoi vieillir?
⦿ comment repérer le vieillissement pathologique ?
⦿ pourquoi repérer ?



REPÉRER le VIEILLISSEMENT 
PATHOLOGIQUE dans les TND

v Pourquoi se poser la question ?
• Suspicion d’un vieillissement accéléré

• Comprendre les trajectoires de vieillissement
• Fluidifier le parcours de soins et de vie
• Ajuster l’environnement des sujets

• Réduire la stigmatisation



L’ENJEU  D’UNE TRANSITION

v Pour quoi faire ?
v Anticiper la transition

v Discontinuité ì symptômes (Maurice, 2022)



L’ENJEU D’UNE TRANSITION

v Plan de soin intégré et coordonné (Fulceri, 2023)

•  Rôle du MT +++ (Voillemont, 2022)

v Coordination sanitaire/social
•  Role des IPA ? (Nadolny, 2023)

• Rôle des DAC ? (Materne, 2022)



L’ENJEU D’UNE TRANSITION

v Ne pas oublier 
•  l’individu
•  son environnement
•  ses parents âgés, sa fratrie…

Þ recherche en SHS ?
  modèles socio-économiques

éthique



L’ENJEU D’UNE TRANSITION

v Situations complexes
v Rôle du Service Public Départemental de l’Autonomie (SPDA) ?

Accueil
Information
orientation

Évaluation
Instruction des droits

Appui aux solutions concrètes
Coordination 

Repérage
Prévention
Aller-vers



FORMER +++

v Savoir ce que l’on fait avec ces outils
• Incertitude / fragilité / diagnostic

Repérage
Prévention
Aller-vers
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CONTINUER À CHERCHER

v Projet NeuroDEFI
• Équipes mobiles gériatrique – génétiques
• EGS, conseil génétique, biomarqueurs capillaires

• Trajectoires de vieillissement
• Validation des outils de repérage
• Recherche participative
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Repérage
Prévention
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THM
☉Risque de vieillissement pathologique 

☉Outils adaptés : rechercher, (in)former

⚠ Personnaliser les soins, anticiper les besoins

QUALITÉ DE VIE



MERCI
de votre attention
s-miot@chu-montpellier.fr



REPÉRER LE VIEILLISSEMENT 
PATHOLOGIQUE

v Quels syndromes gériatriques ?
ü fragilité 

o  âge biologique

PBA = 126,65 + 26,09 ln(FI)

PBA : biological age 
FI : frailty index



L’ENJEU D’UNE TRANSITION

v Nouveau lieu de vie ?
• USPC ?
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PATHOLOGIQUE dans les TND

v Quels outils ?
ü troubles neurocognitifs majeurs

o biomarqueurs sanguins ?

Þ marqueurs de BHE ?
  (étude LEDA)

LEDA

Association entre dysbiose intestinale 
et atteinte de la barrière hémato-

encéphalique?



REPÉRER le VIEILLISSEMENT 
PATHOLOGIQUE dans les TND

v Quels outils ?
ü troubles neurocognitifs majeurs

o biomarqueurs moteurs ?

Þ Marqueurs de synchronie ?
  étude SynchroMCI

Dépistage précoce de la fragilité 
cognitive par l’étude de la 

synchronie motrice ?

(Schizophrenia group and Control group) for each of the 3 priming groups (Pro-social,
Non-social or Anti-social).

Procedure. See appendix 1 in Supplement information for details.
One or two days before the experiment, all participants were rated with the

Neurological Soft Signs Scale (NSS50) to assess subtle abnormalities in sensory-per-
ceptual, motor functions directly associated with schizophrenia pathology51,52 or
induced by neuroleptic medications53. Schizophrenia patients also completed the
Positive and Negative Syndrome Scale (PANSS54).

The experimental procedure was split in three parts described bellow (figure 4).
The first part was the priming test applied on the experimental participants only
(schizophrenia patients or matched controls); the second part was the coordination
task using the hand-held pendulums; and finally, the last part was a debriefing
questionnaire for all participants. Following recent recommendations from the social
psychology literature39,40, our participants were fully naı̈ve about the real goal of the
experiment and also about the diagnosis of the schizophrenia patients. To prevent any
‘‘un-blind experimenter effect’’, five different experimenters ran this experiment (no
statistical difference between raters was found in the data analysis). Finally, the
experimenters were present in the experimental room but never intervened during
the trials. They were neither visible nor audible to the participants. Their role con-
sisted in giving the instructions, running the computer software and controlling that
no unpredictable events happened during the experiment.

Social Priming. We implemented an implicit priming task with a cover story to
prevent participants from linking the priming task and the coordination task. Upon
arrival, participants were informed that they had to perform two distinct experiments.
The first one investigated the ‘‘role played by color on grammar and sentence
construction’’, whereas the second one was an ‘‘interpersonal coordination task
designed to investigate the ability to synchronize with a synchronization partner’’.

Participants were then told to swing the pendulums for familiarization (i.e. ‘‘SOLO
trials’’). These trials were used to measure participants’ natural movement frequency.
Each participant was asked to perform four ‘SOLO’ trials: two with each pendulum
(LOW and HIGH), in a random order. They were instructed to hold the pendulum
firmly in their hand and to swing it at their own self-selected tempo, ‘‘a tempo they
found comfortable and could maintain for hours if needed’’. All patients and age-
matched healthy participants oscillated pendulums with their right hand whereas all
healthy synchronization partners (1 and 2) oscillated pendulums with their left hand.

After this familiarization with the pendulums, only patients and age-matched
healthy participants were primed using the Scrambled Sentence Task55 [see appendix

2 in Supplement information for details]. Participants in each priming group (Pro-
social, Non-social or Anti-social) were primed using an appropriate set of words (as
defined by a pilot study, including schizophrenia and healthy raters, presented in
appendix 2 in Supplement information). The Pro-social set included words such as
‘‘friend’’ or ‘‘team’’; the Non-social set included words such as ‘‘plate’’ or ‘‘tree’’; and the
Anti-social set included words such as ‘‘selfish’’ or ‘‘alone’’. Each priming session was
performed in two randomly presented parts. In both parts, five scrambled words
written with random colors were presented on a screen (Figure 4). Only one sentence
could be written using four of these words (e.g. ‘‘wooden is friend she my’’ yields ‘‘she is
my friend’’ for a pro-social sentence), the fifth word was named the intruder (e.g.
‘‘wooden’’). Once the words were presented on the screen, participants had to mentally
reconstruct the right sentence and then to push the ‘‘space’’ keyboard. Once the key
pressed, a black screen appeared and the participants had to say the answer to the
experimenter. In the first part, participants had to say the full four-word sentence,
without the intruder. In that case, the ‘‘primed’’ word (pro-social, non-social or anti-
social depending on the condition) was part of the sentence they repeated. In the
second part, participants had to tell the experimenter the intruder word. In that case,
the intruder corresponded to the ‘‘primed’’ word. Each of these priming tasks contained
12 sentences for each priming group. Each sentence was presented to the participants in
a random order. Once the priming session ended, synchronization partners joined their
corresponding participant for the interpersonal coordination task.

Interpersonal coordination task. Once together, participants were reminded that
the experiment was investigating rhythmic movements with handheld pendulums
(Figure 4). They were also reminded that they would be required to do their best to
coordinate their movements simultaneously in opposite directions for sixty seconds.
After the instructions, each pair performed one trial with the three different
leadership conditions defined by the schizophrenia outpatients or the age-matched
healthy participants’ social role in the interaction: the Follower condition, the Neutral
condition and the Leader condition (i.e. respectively the LOW_HIGH, LOW_LOW
and HIGH_LOW pendulum combinations, Figure 4). These combinations
(LOW_HIGH, LOW_LOW and HIGH_LOW) corresponded respectively to the
pendulums used by schizophrenia patients and synchronization partners 1 for the
group Schizophrenia and the matched control participants and synchronization
partners 2 for the group Control. The order of trials was counterbalanced across
dyads.

Affiliation assessment. Immediately after the coordination task, all participants were
individually asked to answer a debriefing questionnaire assessing three items: 1) an

Figure 4 | Experimental design and procedure description. Panel A (top): 1. Priming test using a scrambled sentence task was applied on the
experimental participants only (Schizophrenia patients or age-matched healthy controls); 2. coordination task using the hand-held pendulums consisted
in performing movements in opposite directions while watching each other’s pendulum; 3. Both participants of a dyad rated the feeling of connectedness
towards each other using a ‘‘pen and paper’’ debriefing questionnaire. Panel B (bottom-left): Pendulum combination corresponding to the three
leadership conditions (a. Pendulum held by the primed participant; b. Pendulum held by the synchronization partner; c. Mass located on the bottom to
create a slow pendulum; d. Mass located on the top to create a fast pendulum; e. Ergonomic handle; f. Aluminum frame supporting the pendulum axis).
Panel C (bottom-right): 10 s sample of recorded time series of participants performing the coordination in opposite directions. This figure has been
genuinely created by MV and RNS. MV used the 3D softwares Poser 8 and CINEMA 4D R12 for the 3D environment. RNS used Blender 2.7, Photoshop
CS6, Illustrator CS6, Powerpoint for Mac 2011 and Matlab 2013b to finalize the rendering.
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