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Abstract

Objective The objective of the present study was to examine the effect of calorie restricted diet (CRD) plus inulin
supplementation on serum levels of tryptophan (Trp), kynurenine (Kyn) and Trp/Kyn ratio in obese women with major
depressive disorder (MDD).

Results In this double-blind placebo-controlled randomized clinical trial, 51 obese women (BMI=30-40 kg/mz)

with mild MDD were assessed for depression level using Hamilton depression rating scale (HDRS). The patients

were randomly allocated into either “Prebiotic group” (received 10 g/day inulin) or “Placebo group” (received 10 g/day
maltodextrin). All participants also received individualized CRD. Fasting serum levels of Trp, Kyn, and Trp/Kyn ratio
were assessed at baseline and after 8 weeks. Results showed slightly greater increases in serum levels of Trp and Trp/
Kyn ratio as well as reductions in serum level of Kyn and HDRS score in prebiotic group than placebo group. However,
between group differences in these parameters as well as HDRS score were not statistically significant after adjusting
for baseline variables at the end of the trial. Results indicates that CRD accompanied by inulin supplementation (10 g/
day) did not influence serum levels of Trp, Kyn and Trp/Kyn ratio as well as HDRS score after 8 weeks.

Trial registration: The trial was registered in the Iranian registry of clinical trials at 2018-08-02 (https://www.irct.ir/; regis-
tration number: IRCT20100209003320N15).
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Obese adults are more likely to be depressed compared
to non-obese adults [5]. By increasing obesity, the global
prevalence of depression has increased by 29% [6]. Non-
genetic factors, medications, psychological inputs, and
obesity-related metabolic conditions could contribute
in depression-obesity relationship. Antidepressants,
mood-stabilizing, or antipsychotic medications may
contribute in weight gain through suppressing satiety,
decreasing physical activity, or increasing consumption
of calorie-rich foods. However, studies have shown that
long-term weight loss diets could increase the risk of
depression development. Indeed, impaired self-esteem,
social isolation, and chronic unemployment could lead to
depression in obese patients. Metabolic consequences of
obesity e.g. insulin resistance usually results in impaired
serotonin, a brain neurotransmitter which involves in
mood and satiety control of both mood and satiety [7].
Apart from underlying mechanisms for both obesity and
depression- i.e. Hypothalamic—Pituitary—Adrenal (HPA)
axis dysregulation, activation of inflammatory pro-
cesses, and intestinal microbiota dysbiosis, inflammation
plays a pivotal role in depression by activating enzymes
involving in tryptophan (Trp) metabolism. The enzymes
degrade Trp into kynurenine (Kyn) metabolites, which
act as N-methyl-p-aspartate (NMDA) receptor agonists
and increase susceptibility to MDD [8, 9].

Although specific medications are considered as the
first line treatment for depression, there are many side
effects [10]. It seems strategies such as calorie-restricted
diets (CRDs), adjuvant to the medications could help to
combat both obesity and depression treatment because
CRDs are non-invasive and could increase neuronal
signaling as well as apply positive effects on molecu-
lar systems supporting neuronal function [11]. A num-
ber of clinical trials provide beneficial effects of CRDs
in depression. For example, results of a recent clinical
trial revealed that following CRDs (by decreasing 25%
of energy requirement) for two years improved mood in
both genders [12]. Furthermore, Fuller et al. [3] reported
a significant decrease in Beck Depression Inventory-II
(BDI-II) score after three months weight loss. Moreover,
there is evidence that prebiotics- substrates selectively
utilized by microorganisms with health benefits appear to
affect Trp metabolism pathway and improve gut micro-
biota and consequently, obesity and depression [13, 14].
Studies have shown that prebiotics supplementation may
save Trp for serotonin production rather than the unfa-
vorable Kyn pathway [13]. Indeed, the administration
of inulin-type fructans for 12 weeks in overweight and
obese adults led to reductions in body fat, hunger, desire
to eat and prospective food consumption [15]. Moreover,
inulin supplementation (10 g/kg/day) for 10 weeks could
accelerate body weight loss in obese mice by regulating
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gut microbiota and serum metabolites [16]. Furthermore,
daily supplementation with 10 g resistant dextrin for 8
weeks in women with type 2 diabetes led to a significant
decrease in serum levels of Kyn, Kyn/Trp ratio as well
as interferon gamma (IFNy), Interleukin (IL)-12, IFNy/
IL-10 ratio, and lipopolysaccharide (LPS) and a signifi-
cant increase in serum levels of IL-10 and IL-4 [17]. Nev-
ertheless, in patients with MDD, galacto-oligosaccharide
supplementation for 8 weeks failed to reveal any signifi-
cant effect on BDI score and Kyn/Trp ratio [18]. There-
fore, the current clinical trial was aimed to examine the
effect of CRD plus inulin supplementation on serum lev-
els of Trp, Kyn and Trp/Kyn ratio in obese women with
MDD.

Methods

Study participants

In this double-blind placebo-controlled randomized
clinical trial, 51 obese premenopausal women aged
20-50 years (BMIL: 30-40 kg/m?) with MDD were stud-
ied. MDD was diagnosed according to the Diagnostic
and Statistical manual of Mental disorders, 5th Edition
(DSM-5) criteria, and those with mild depression (a
score between 8 and 16 based on the 17-item Hamilton
Depression Rating Scale (HDRS) were studied. Indeed,
characteristic attitudes and symptoms of depression were
assessed according to a self-reported BDI-II question-
naire. Both psychological questionnaires were completed
for each patient before and after the trial.

The study protocol was approved by the ethic com-
mittee of Tabriz University of Medical Sciences (IR.
TBZMED.REC.1398.813) and also registered in the Ira-
nian registry of clinical trials at 2018-08-02 (https://www.
irct.ir/; registration number: IRCT20100209003320N15).
The reporting of this manuscript adheres to CONSORT
guidelines. A written informed consent form before ini-
tiating the clinical trial was signed after offering a com-
plete description of the research process to the patients.

Inclusion and exclusion criteria

Women aged 20-50 years with BMI ranged from 30 kg/
m?to 40 kg/m? suffered from MDD were included in
the trial. Those who were pregnant, lactating, ciga-
rette smoker, substance abuser or addicted to opiates,
those with history of other psychiatric or neurologi-
cal disorders as reported by the psychiatrist, thyroid
dysfunction, following specific diet, taking chemical
or herbal medications for weight loss (during the last
year), anti-depressants (at least 6 months prior to the
study), fiber supplements or consuming more than 25
gr/day of dietary fiber, consuming pre- or probiotic sup-
plements/products or antibiotics (during two months
prior to study) were excluded. Indeed, the patients who
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underwent serious events affecting their mental health
(e.g. loss of near relative, major accidents, major finan-
cial problems etc.), taking nutritional supplements and
changed medication protocol during the trial were
excluded during the study.

Sample size

The sample size was estimated based on the reported
mean (SD) of Kyn reported by Abbasalizad-Farhangi,
et al. [17] Given a=0.05 and power =80%, the number of
samples for each group was determined to be 12. How-
ever, this number was increased to 17 for a possible drop-
out rate of 45%.

Intervention

An individualized CRD was prescribed for the patients
by estimating total energy expenditure of each partici-
pant according to RMR, physical activity level, and ther-
mic effect of food and assuming 25% weight loss over
the trial. The proportion of carbohydrate, protein and fat
from energy was considered 55%, 30%, and 15%, respec-
tively to plan the CRD diet. Then, the participants were
randomly assigned (1:1) into either “Prebiotic group”
[received individualized CRD plus one sachet including
10 g/day inulin (Sensus Co., the Netherlands) dissolved in
a glass of water and drunk after lunch] or “Placebo group”
[received individualized CRD plus one sachet includ-
ing 10 g/day maltodextrin (FIC Co., China) dissolved in
a glass of water and drunk after lunch]. Randomization
was performed using RAS software by a person who
was not involved in the study after stratifying by depres-
sion severity and BMI (i.e.<35 kg/m? and >35 kg/m?).
A 3-digit code was assigned to each of the treatments
by the same person. The psychologist, assessors and
participants were blinded to the allocation. Color, odor,
weight and other aspects of the supplements and placebo
sachets were completely similar. The patients were vis-
ited fortnightly for delivering supplement and consum-
ing>80% of the supplements by counting unused sachets
was determined as compliance.

Measurements

Demographic information and physical activity level
were obtained using personal questionnaire and the
international physical activity questionnaire-short form
(IPAQ-SF) through face to face interview. Height and
weight were measured with light cloths and without
shoes using stadiometer (Seca, Germany) to the near-
est 0.5 cm and 0.1 kg and then, BMI was calculated by
dividing body weight (kg) by height square (m?). Indi-
rect calorimetry (Fitmate Pro, Rome, Italy) was used for
RMR measurement by a trained nutritionist according to
the device instructions in fasting state, without caffeine
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consumption and without moderate or vigorous physi-
cal activity during the past day [19]. Habitual dietary
intake was assessed using a 3-day food record question-
naire (two week days and one weekend) for adherence to
the dietary plans given to the patients before and after
the trial. Nutritionist IV software (First Databank, San
Bruno, CA, USA) modified for Iranian foods was used to
assess dietary intake of energy, protein, fat and fiber.

Physical activity was assessed using the validated Per-
sian version of IPAQ-SF for the last week and presented
as Metabolic Equivalents per week (METs/week). Physi-
cal activity level was categorized as follow: “High” (MET-
minutes/week of >3000), Moderate” (MET-minutes/week
of 600-3000), or’Low” (MET-minutes/week of<600)
physical activity [20].

To determine serum Trp and Kyn, 12-h fasting blood
samples were taken, centrifuged at 3500 rpm for 10 min,
serum was transferred into microtubes and stored at
-80°C until analysis. The concentration of serum Trp and
Kyn were measured by enzyme-linked immune-sorbent
assay (ELISA) kits (Mybiosource Inc., USA). All measure-
ments were done before and after 8-week intervention.

Statistical analysis

The Statistical Package for Social Science (SPSS) soft-
ware version 17 (SPSS Inc., Chicago, IL, USA) was used
for statistical analysis. The Kolmogorov—Smirnov test
was used for assessing the normality of data distribu-
tion. Mean (standard deviation, SD) and median (inter-
quartiles) were used for symmetric and asymmetric
quantitative variables, respectively. Qualitative variables
were presented as frequency (percentage). Independent
sample t-test was applied to assess between-group differ-
ences, whereas within-group differences were done using
paired t-test. To compare differences in nominal qualita-
tive variables between the groups, Chi-square test was
applied. At the end of the study, analysis of covariance
(ANCOVA) was applied to analyze between-group differ-
ences by adjusting for baseline values. Mean percent of
changes in depression scores was calculated as follows:

Mean percent of change
= (Mean scoreg,q — Mean scorep,seline)
/Mean scorep,gseline) * 100

P-values < 0.05 were set as statistically significant level.

Results

Of total 51 patients enrolled in the study, 34 patients (17
in each group) completed the trial. Seventeen subjects (8
in prebiotic group and 9 in placebo group) were lost to
follow because of the following reasons: did not follow
the study protocol (7 patients) and the CRD (9 patients)
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and pregnancy (one patient). Hence, at the end of the
trial, mean compliance rate in the prebiotic and placebo
group was 92.25% and 91.17%, respectively. No adverse
events were reported, apart from gastrointestinal dis-
comfort (flatulence and soft stool in three participants in
the prebiotic group) ameliorated after two weeks.

Mean age was 38.53+5.91 years and 39.88+6.99 years
in prebiotic and placebo group, respectively (p=0.542).
The depression duration was 3.70 + 1.68 years in prebiotic
group and 4.94+2.92 years in placebo group (p=0.146).
Table 1 shows baseline characteristics of the patients.
There were not found any differences in baseline charac-
teristic between the groups at the beginning of the trial.

Anthropometric measures and serum concentrations
of Trp, Kyn and Trp/Kyn ratio in both groups before and
after the intervention are presents in Table 2. There were
not found any differences in weight and BMI at baseline,
however, significant reductions in weight and BMI were
observed in both groups (p<0.001). Mean weight loss
was 2.94 kg and 2.45 kg in prebiotic and placebo group,
respectively and average weight reduction in all patients
was 2.6 kg over 8 weeks which was found in 44.1% of
women who complete the trial (i.e. 7 patients in the
prebiotic group, and 8 patients in the placebo group). At
the end of the intervention, no significant differences in
anthropometric measures were observed after adjusting
for baseline values while there was found a significant
reduction in Kyn concentration in both groups (p <0.05).

Table 1 Baseline characteristics of the patients

Prebiotic(N=17) Placebo(N=17) P*

N (%) N (%)

Marital status
Married 16 (94.1) 17 (100) 1.000%*
Divorced or widow  1(5.9) 0)

Educational level
Diploma and lower 13 (76.5 12 (70.6) 0.705**
Bachelors (23 5(294)
and higher

Occupation
Housewife 14 (82.4) 16 (94.1) 0.603**
Employee 3(17.7) 1(5.9)

Medication
Sertraline 4(23.5) 8(48.1) 0.607**
Citalopram 2(11.8) 1(5.9)
Fluoxetine 11 (64.7) 8(47.1)

Physical activity level
Low 7(41.2) 8(47.1) 1.000**
Moderate 8(47.1) 8(47.1
High 2(11.8) 1(5.9)

“ P-value based on Chi-square test
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However, at the end of the intervention, inter- group
changes in the mentioned biochemical parameters were
not statistically significant, after adjusting for baseline
values.

Comparing changes in depression status in the patients
at beginning and end of the trial reveal that only HDRS
score decreased significantly in both groups compared to
baseline, i.e. greater mean reduction in prebiotic group vs
placebo group [MD (95% CI) — 3.00(— 4.40, — 1.60) com-
pared with MD (95% CI) — 1.94(— 3.55, — 0.33), respec-
tively]. However, no significant differences were found in
HDRS changes between the group at the end of the inter-
vention, after adjusting for baseline values (Table 2).

Figure 1 also demonstrates mean percent of change in
the study outcomes in the two groups and indicates that
there were greater changes in Trp/Kyn ratio and HDRS
score (82.92% and — 24.39%, respectively) in the prebi-
otic group vs the placebo group (54.60% and — 14.82%,
respectively). However, there were no statistically signifi-
cant differences in mean percent of changes in the stud-
ied outcomes between the groups, after adjusting for the
baseline values.

Discussion

The results of the present trial revealed that, supple-
menting obese depressed women with 10 g/day of inulin
in combination with CRD had no significant effects on
serum Trp, Kyn level, Trp/Kyn ratio and HDRS score.
Although there is evidence that prebiotics may improve
mental health via shifting Trp metabolism from Kyn
production to serotonin synthesis [21], we previously
reported that 25% CRD plus prebiotic supplementation
(10 g/day Inulin) failed to change HDRS and BDI-II score
after 8 weeks [22]. Possible factors which may explain the
differences in the findings are study duration, prebiotic
dose and depression severity.

The results of present study indicated that inulin sup-
plementation associated with CRD did not make signifi-
cant differences in serum Trp and Kyn level as well as
their ratio, which was in agreement with those of previ-
ous studies. Earlier studies have often reported similar
results and only few studies could show that prebiotics
improved serum Trp and Kyn level. For example, Abba-
salizad-Farhangi et al. [17] showed that supplementa-
tion with 10 g/day resistant dextrin in patients with type
2 diabetes mellitus could not change Trp and Kyn level,
while Kyn/Trp ratio decreased significantly in the inter-
vention group. Moreover, Kazemi et al. [18] reported that
Trp/Kyn ratio did not change significantly after 6 weeks
of prebiotic supplementation in patients with MDD.

A recent systematic review concluded that inulin
ingestion has potential impact on human gut micro-
biota composition and increasing Bifidobacterium
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Table 2 Changes in BMI, biochemical parameters and depression scores over the trial
Prebiotic (N=17) Placebo (N=17) P

BMI (kg/m?)
Baseline 34.84(99.3) 3231(3.23) 0.051**
End 33.64 (3.69) 3136 (3.16) 0.909%***
MD (95% Cl), P* -12(=173,-067),<0.001 —095(-1.38,-051),<0.001

Tryptophan (umol/L)
Baseline 65.89 (9.74) 63.46 (11.05) 0.503**
End 69.31 (7.95) 66.61(10.12) 0.500%**
MD (95% Cl), P* 342 (1.65,5.19),0.001 3.15(1.36,4.92),0.002

Kynurenine (umol/L)
Baseline 2.09 (0.55) 1.86 (0.62) 0.275%*
End 1.62 (0.84) 1.35(042) 0.472%**
MD (95% Cl), P* —047 (- 0.84,-0.09),0.018 —-051(-081,-0.21),0.002

TRP/KYN ratio
Baseline 32.76 (6.04) 36.65 (9.66) 0.170**
End 57.57 (36.67) 53.39(15.67) 0.689***
MD (95% Cl), P* 24.81(5.40,44.20),0.015 16.74 (7.78, 25.69), 0.001

HDRS
Baseline 11.41 (3.80) 11.65 (3.46) 0.836
End 841(2.78) 9.70 (3.58) 0.248
MD (95% Cl), P* —3.0(—440,-1.60);<0.001 —1.94 (- 3.55,—0.33);0.021

BDI-II
Baseline 16.06 (8.26) 19.18 (7.82) 0.267
End 14.0 (7.73) 16.06 (7.23) 0429

MD (95% CI), P*

—2.06 (= 5.67,1.55);0.245

—3.12(-7.66,143);0.165

Bold indicates p < 0.05 is statically significant

MD: Mean difference; CI: Confidence interval; BMI: Body Mass Index; TRP/KYN, Tryptophan to Kynurenine; HDRS, Hamilton Depression Rating Scale; BDI-II, Beck

Depression Inventory

" P based on Paired sample t-test
" P based on Independent sample t-test

“* P based on ANCOVA adjusted for baseline values

—
BDI-II

H Prebiotic

I Trp/Kyn

= Placebo

Fig. 1 Mean percent of changes of depression scores, serum levels of Trp and Kyn, and Trp/Kyn ratio. HDRS: Hamilton Depression Rating Scale;
BDI-II: Beck Depression Inventory-Il; Trp: tryptophan; Kyn: kynurenine; Trp/Kyn: Tryptophan/Kynurenine ratio
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resulting in alleviating depressive behaviors via increas-
ing in 5- hydroxytryptophan secretion [23, 24]. Nev-
ertheless, some studies reported that achieving gut
microbiota modification using such dietary supplements
need enough time (>8 weeks), particularly when KYN
metabolite are assessed [13]. Although previous studies
have shown that prebiotics may alleviate depression only
through decreasing gut permeability and inflammation,
our previous results showed that no significant positive
effects on inflammation and intestinal permeability were
observed [22, 25].

It appears that higher dosage or higher duration of
prebiotics supplementation is needed to modify the
assumed gut microbiota dysbiosis in MDD. In addition,
factors such as prebiotic type, characteristics of study
population and prescribing CRD associated with inulin
supplementation could be attributed in different results
[26].

In the present study, when the data were reanalyzed
based on stratifying by minimum weight loss of 2.6 kg,
again no changes were found in serum Trp, Kyn, Trp/Kyn
ratio as well as HDRS score, i. e. woman who lost more
than 2.6 kg weight had insignificantly greater reduction
in HDRS score and increase in Trp level at the end of the
study. Strasser et al. [27] showed that CRD (1200 kcal/
day) reduced significantly plasma Trp and Kyn levels after
2 weeks but did not affect Trp/Kyn ratio. Stefariska et al.
[28] also demonstrated that a six-month weight loss diet
(daily calorie intake between 1200 and 1500 kcal) among
women with major depression, did not alter HDRS score
significantly. Few studies have also reported that caloric
restriction may induce antidepressant-like effects, which
was in contrast with the results of the present study [11,
29].

Conclusion

Inulin supplementation (10 g/day) among obese women
with depression for 8 weeks resulted in no significant
changes in serum Trp, Kyn, Trp/Kyn ratio and HDRS
score. Long-term well-designed clinical trials are
required to assess the effect of using various types and
dosage of prebiotics on patients with depression.

Limitations

Our trial has the following limitations. Other impor-
tant biomarkers in MDD such as serotonin, gut and
fecal microbial composition were not assessed in the
present study, due to financial limitations. Indeed, the
study duration was relatively short to find possibly sig-
nificant changes in the outcomes. Moreover, we could
not distinguish if the observed effects were related to
prebiotic supplementation or CRDs. However, it seems
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this study is the first clinical trial to investigate the
effects of prebiotics accompanied by CRD on Trp, Kyn,
Trp/Kyn ratio as important biomarkers of MDD and
HDRS score. Furthermore, dietary plans were individu-
ally administered according to each patient’s measured
RMR and dietary preferences.
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