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Abstract

Converging data support the role of chronic low-grade inflammation in depressive
symptomatology in obesity. One mechanism likely to be involved relies on the effects
of inflammation on tryptophan (TRP) metabolism. While recent data document
alterations in the indole pathway of TRP metabolism in obesity, the relevance of this
mechanism to obesity-related depressive symptoms has not been investigated. The aim
of this preliminary study was to assess the association between plasma levels of TRP
and indole metabolites and depressive symptoms in forty-four subjects with severe or
morbid obesity, free of clinically relevant neuropsychiatric disorders. The interaction
effect of inflammation, reflected in serum high-sensitive C-reactive protein (hsCRP)
levels, and indoles on depressive symptoms was also determined.

Higher serum levels of hsCRP and lower concentrations of tryptophan (TRP) and
indoles, particularly indole-3-carboxaldehyde (1Ald), correlated with more severe
depressive symptoms. Interestingly, the effect of high hsCRP levels in predicting
greater depressive symptoms was potentiated by low IAld levels.

These results comfort the link between inflammation, the indole pathway of TRP

metabolism, and obesity-related depressive symptoms.



Introduction

Depressive symptoms are frequently reported in subjects with obesity (1). Converging
data supports the role of chronic low-grade inflammation, a key component of obesity,
in this effect (1,2), consistent with the well documented association between chronically
activated inflammatory processes and the development of depressive symptoms in
clinical populations (3,4). One mechanism likely to be involved relies on the effect of
inflammatory processes on the metabolism of tryptophan (TRP), an essential amino acid
precursor of serotonin that is highly involved in the regulation of mood (5,6). Whereas a
large amount of data highlights the involvement of the enzyme indoleamine 2,3-
dioxygenase in inflammation-driven TRP catabolism and its impact on depressive
morbidity (6,7), recent data obtained in our group indicate significant associations
between systemic inflammation and the indole pathway of TRP metabolism in subjects
with obesity (8). Nevertheless, the relevance of this pathway to obesity-related

depressive symptoms remains to be determined.

TRP is partly catabolized by specific gut bacteria into indole and its derivatives,
including indole-3-acetic acid (IAA), indole-3-carboxaldehyde (IAld), indole-3-lactic
acid (ILA), and indole-3-propionic acid (IPA) (9). Overall, indole metabolites are
considered beneficial since they prevent a leaky intestinal epithelial barrier, contrast
neuronal damage, and exert anti-inflammatory effects (9-11). Consistent with this
notion, the indole metabolic pathway is altered in individuals with obesity, who exhibit
lower plasma levels of TRP and indoles than non-obese controls (8). Recent
metabolomic data showed that reductions in indoles were associated with obesity-
related memory alterations (12), a result in line with preclinical findings indicating an

attenuation of cognitive deficits after IPA administration in a genetic mouse model of



diabetes (13). Albeit restrained to cognitive function, these results suggest that
alterations in the indole pathway of TRP metabolism may more largely contribute to

neuropsychiatric symptomatology in obesity.

The primary aim of this preliminary study was to investigate the association of plasma
levels of TRP and indole metabolites with subclinical depressive symptoms in subjects
with severe or morbid obesity. The secondary aim was to determine the interaction

effect between inflammation and indoles on these symptoms.

Methods

Participants

Forty-four adult subjects with severe or morbid obesity (body mass index, BMI > 35
kg/m? or > 40 kg/m?), awaiting gastric surgery and free of clinically relevant
neuropsychiatric disorders, were recruited from two private clinics in the Bordeaux
region. Exclusion criteria were: age > 65 years old; infections within the last two
months preceding study entry; acute or chronic inflammatory conditions (except obesity
or obesity-related comorbidities); current diagnosis of severe or uncontrolled medical
illness or psychiatric disease; current treatment with anti-inflammatory, antidepressants,
or any other psychotropic drugs. In addition, subjects with a diagnosis of current
psychiatric disorder, including major depression (MDD), were excluded to avoid a
potential effect of antidepressant treatment on the variables of interest. Similarly,
subjects with a personal history of MDD were not included to primarily target obesity-
related incident depressive symptoms and eliminate potential recurrent or chronic
depressive symptoms. Diagnosis of current and past major depressive disorder was

determined using the MINI-International Neuropsychiatric Interview, according to



Diagnostic and Statistical Manual of Mental Disorders criteria (14). The study was

approved by the Institutional Committee of Protection of Persons of Bordeaux, France.

Assessments

Clinical and biological assessments occurred at the clinic during a medical visit with
surgeons to discuss the possibility and modalities of future bariatric surgery.
Socio-demographic, clinical characteristics and blood samples were collected during
this visit. BMI was calculated as self-reported weight (kg)/height (m)>.

Depressive symptoms were assessed using the Montgomery-Asberg Depression Rating
Scale (MADRYS), a 10-item clinician-administered scale assessing depressive
symptoms, including sadness, inner tension, concentration difficulties, lassitude,
inability to feel, pessimistic thoughts, suicidal thoughts, reduced sleep and appetite (15).
Fasting blood samples were collected in plain or EDTA-containing tubes for serum and
plasma, respectively. After 30—45min at room temperature, samples were centrifuged
(4.000 rpm, 20min at 4°C for plasma and 3.200 rpm, 10min at 4°C for serum) and stored
immediately at -80-C until further analysis. Plasma concentrations of TRP, IAA, IAId,
ILA, IPA, were determined by Ultra High Performance Liquid Chromatography-
ElectroSpay-lonization-Tandem Mass Spectrometry, as described elsewhere (16).
Serum concentrations of high-sensitive C-reactive protein (hsCRP) were determined by
enzyme-linked immunosorbent assay (CYT298, manufacture: Millipore, Billerica,
Massachusetts, USA). Assay sensitivity and intra-/inter-assay variability were,

respectively, 0.20 ng/mL, £ 4.6%, and + 6.0%.



Data analysis

Values of TRP, indole metabolites and hsCRP were log-transformed due to non-
normality, as assessed by the Shapiro-Wilk test. One participant was excluded from
analyses on log-transformed IAA because of extreme value (> 3SD above the mean).
Multiple regression analyses controlling for comorbidities (hypertension, type-2
diabetes, obstructive sleep apnea, or dysthyroidism) were performed to assess the
relationship between biological markers and depressive symptoms. The significant
associations were reported before and after Bonferroni correction for multiple testing.
The interaction effect of inflammation (hsCRP levels) and markers of the indole
pathway of TRP metabolism on MADRS total scores was assessed using multiple
regression analysis controlling for comorbidities and entering the interaction term in the
model. Statistical analyses were performed with SPSS statistics, version 25. All

probabilities were two-sided, with the degree of significance set at p<0.05.

Results

Characteristics of study participants are shown in Supplementary table 1.

Biological markers were highly inter-related. In particular, hsCRP levels were
significantly associated with TRP levels (f=-0.312, p= 0.04). No significant association
was found between hsCRP and indole levels. Regarding the indole pathway of TRP
metabolism, ILA levels were significantly associated with TRP (f= 0.712, p<0.001) and
IAld concentrations (B= 0.673, p<0.001). Plasma levels of IPA and IAA were not
significantly associated with TRP or indole metabolites.

As expected, higher levels of hsCRP correlated with more severe depressive symptoms,
as reflected in MADRS total scores (Table 1). Higher MADRS total scores were also

associated with lower plasma concentrations of TRP, 1Ald, and ILA.



Correlations with individual depressive symptoms are presented in Table 1. Levels of
hsCRP levels were positively associated with scores of inner tension whereas lower
TRP levels were associated with higher suicidal thoughts. Levels of indole metabolites
correlated with several depressive symptoms, including concentration difficulties that
were associated with IAld, IPA and ILA levels, and lassitude and inability to feel that
correlated with 1Ald and ILA. Interestingly, lower 1Ald levels were also associated with
greater symptoms of reported sadness, pessimistic thoughts and suicidal thoughts.
Nevertheless, when the correlations were corrected for multiple testing (Bonferroni
correction), only the association between 1Ald and MADRS total scores remained
significant.

Since 1Ald showed the strongest associations with depressive symptoms, the interaction
effect of this marker with hsCRP levels on MADRS total scores was tested using
multiple regression analyses. As shown in Table 2, the individual effect of hsCRP on
MADRS total scores was significantly increased by 1Ald plasma levels. More precisely,
while higher hsCRP levels predicted greater MADRS scores in the study population,

this effect was potentiated by low levels of IAId.

Discussion

This preliminary study shows for the first time an association between markers of the
indole pathway of TRP metabolism, particularly IAld, and depressive symptoms in
obesity. These results also reveal an interaction effect between high hsCRP and low

IAld concentrations on the severity of this symptomatology.

Consistent with previous data obtained in a clinical model of inflammation-driven

depression (e.g., interferon-alpha therapy) (17), low plasma concentrations of TRP were



associated with more severe depressive symptoms in the present study. Interestingly,
hsCRP levels were significantly and negatively associated with TRP levels, supporting
the close link between inflammation-related reductions in TRP and depressive
symptoms. In contrast, no significant associations were found between indole
metabolites and hsCRP. This result may be due to a lack of power to detect significant
correlations. Importantly, indole metabolites, except IAA, were related to the intensity
of depressive symptoms, with lower levels of indoles correlating with greater symptom
severity. Nevertheless, when the analyses were corrected for multiple testing, only the
association of IAld with MADRS total scores remained significant.

Research on the behavioral effects of indoles is still scarce, especially in obesity.
Noteworthy, the limited body of data available on this topic has uniformly highlighted a
behavioral role for IPA, notably with respect to cognitive function (12,13,18).
Consistent with these data, we found a significant negative correlation between plasma
levels of IPA and the MADRS item assessing concentration difficulties. However, this
association did not survive to Bonferroni corrections for multiple testing. Interestingly,
our results point to 1Ald, as a crucial marker in obesity-related depressive symptoms.
Indeed, this marker correlated significantly with MADRS scores, even after Bonferroni
corrections.

Interestingly, an interaction effect between high hsCRP and low 1Ald levels was found
with respect to the intensity of depressive symptoms. Although the mechanisms
underlying this interaction cannot be disentangled at this stage, different scenario can be
considered. 1Ald is a bioactive metabolite proposed to have a signaling role in the gut-
brain axis. It can regulate host immunity via activation of the aryl hydrocarbon receptor,
at both peripheral and central levels, respectively by strengthening the epithelial barrier

of the intestinal wall and by modulating astrocytes activity within the central nervous



system (10,11,19,20). Low IAld levels may thus reflect alterations in the microbiota-
gut-brain axis, promoting likely endotoxemia and astrocyte activation, which may
participate in the effect of obesity-related inflammation on mood.

The present preliminary study bears some limitations. First, the small sample size and
the exclusion of patients clinical MDD may have limited statistical power. Second, the
design and preliminary nature of the study do not allow to establish causal associations
nor to provide a precise characterization of the clinical depressive phenotype of subjects
with obesity. Complementary investigations are needed to address these issues. Third,
the assessments performed in the present study did not include the measurement of fecal
levels of indoles nor a description of the microbiota, limiting thus inferences on the
potential clinical impact of low IAld plasmatic concentrations. Finally, in the absence of

nutritional information, TRP intake could not be determined.

In conclusion, this study provides insights on the relationship between inflammation,
alterations in the indole pathway of TRP metabolism, and depressive symptoms in
severe or morbid obesity. Preclinical and large longitudinal cohort studies with
comprehensive measures of the indole pathway, inflammation, and behavior will help to

expand these results and to start identifying the underlying mechanisms.
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Table legends
Table 1. Association between hsCRP, markers of indole pathway of TRP metabolism
and depressive symptoms.

Table 2. Interaction effect between hsCRP and 1Ald on MADRS total scores.
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Table 1. Association between hsCRP, markers of indole pathway of TRP metabolism
and depressive symptoms

hsCRP? | TRP? 1Ald? IPA? ILA? IAARP

MADRS Total score | 0.307 | -0.367" -0.527 -0.180 -0.369°  -0.155
Apparent sadness | 0.034 -0.266  -0.160 -0.117 -0.278 0.120
Reported sadness | 0.272 0219  -0.417 -0.045 -0.194 -0.214

Inner tension | 0.362" -0.102 -0.153 -0.034 0.024 -0.181
Reduced sleep | 0.149 | -0.152  -0.183  -0.227  -0.065  0.047
Reduced appetite | 0.070 0.069 -0.165 0.004 -0.040 -0.040
Concentration |55 | 0283 -0.385" -0.445" -0354°  -0.293
difficulties
Lassitude | 0.149 | -0.198 -0.323°  -0.023 -0.366"  0.084

Inability to feel | 0.149 | -0.251 -0.337°  0.008  -0.341" -0.127
Pessimistic thoughts | 0.170 -0.282  -0.364" -0.004 -0.203 -0.197
Suicidal thoughts | 0.183 | -0.366° -0.404~  -0.046  -0.270  -0.129

Multiple regression analyses (B coefficients) controlling for comorbidities (hypertension,
type-2 diabetes, obstructive sleep apnea, dysthyroidism). The associations reported in the
table are uncorrected for multiple testing. N = 44 (except for IAA where n=43).

hsCRP, high-sensitive C-reactive protein; TRP, tryptophan; IAld, indole-3-
carboxaldehyde; IPA, indole-3-propionic acid; ILA, indole-3-lactic acid; I1AA, indole-3-
acetic acid. *p<0.005, **p<0.01, ***p<0.001. ® Variables were log-transformed for the
analyses due to non-normality; "one participant was excluded from the analyses due to
extreme values (>3SD above the mean).
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Table 2. Interaction effect between hsCRP and 1Ald on MADRS total scores

Adjusted R? B t p
Model
1. hsCRP 0.081 0.307 2.08 0.04
2. 1Ald 0.270 -0.527 -4.01 <0.001
3. hsCRP x |Ald 0.220 -0.479 -3.52 0.001

Multiple regression analyses (§ coefficients) controlling for comorbidities
(hypertension, type-2 diabetes, obstructive sleep apnea, dysthyroidism). hsCRP, high-
sensitive C-reactive protein; 1Ald, indole-3-carboxaldehyde. hsCRP and 1Ald were
log-transformed for the analyses due to non-normality. N = 44
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