
1. The recruitment, randomization, and intervention 

Adult patients aged 18 and older with depressive disorders, diagnosed according to the 11th 
International Classification of Diseases [68], were recruited for this study. Recruitment took place at 
psychiatric outpatient clinics in central Poland, through social media advertisements, and via a snowball 
sampling method. Participants were randomly assigned into two groups (1:1 ratio) using computer-
generated blocked lists, stratified based on the presence of Metabolic Syndrome (MetS). This 
randomization process was conducted with the aid of a computer-based random number generator 
(https://www.randomizer.org/, accessed on December 10th, 2020). The probiotic group (PRO) for 60 
days received a daily capsule containing a probiotic blend with 3×10^9 colony-forming units (CFU) of 
Lactobacillus helveticus Rosell®-52 and Bifidobacterium longum Rosell®-175, along with excipients 
(Sanprobi Stress®, Sanprobi Sp. z o. o., Sp. k., Szczecin, Poland; probiotic powder manufacturer—
Institute Rosell-Lallemand, Montreal, Canada). The PLC group received one identical capsule with only 
the excipients (Sanprobi Sp. z o. o., Sp. k., Szczecin, Poland). The specific formulation of the probiotic 
was determined based on findings from our previous research [69]. 

2. Elligibility criteria 

One of the main criteria for inclusion in the study was a confirmed diagnosis of depressive disorders, 
such as a depressive episode, recurrent depression, or mixed depressive and anxiety disorder. 
Additional criteria for inclusion included being over 18 years old, having a Montgomery-Asberg 
Depression Rating Scale (MADRS) score of 13 or higher, and no changes in antidepressant or antianxiety 
medications for at least three weeks before the start of the study. The exclusion criteria were as follows:  

a.  pregnancy,  
b. an infection and/or vaccination and/or treatment with antibiotics, supplementation with 

probiotics or prebiotics, being diagnosed with or having new symptoms of autoimmune, serious 
immunocompromised, inflammatory bowel diseases, cancer, IgE-dependent allergy, a 
significant change in a dietary pattern, a significant change in dietary supplementation, a 
significant change in daily physical activity or an extreme sport activity, a significant change in 
a smoking pattern, a significant change in the treatment schema with proton-pump inhibitors, 
metformin, laxatives, systemic steroids, nonsteroidal anti-inflammatory drugs, antipsychotics, 
or any other medications influencing the microbiota according to present knowledge in the 
previous four weeks,  

c. current decompensated serious somatic disease, psychiatric comorbidities (except for a specific 
personality disorder, an additional specific anxiety disorder, and caffeine or nicotine addiction),  

d. a major neurological disorder or any medical disability that may interfere with a subject’s ability 
to complete the study procedures,  

e. high risk of suicide,  
f. current or recent participation in another research study involving an intervention that may 

alter outcomes that are relevant for this study.  

The criteria were developed considering factors known to impact depression, inflammation, metabolic 
health, and the state of the microbiota. 

3. Study timeline 
• V0: Eligibility criteria, the study questionnaire (SQ) and the MADRS completion, informed 

consent, full psychiatric examination. 
• V1 (no longer that five days after V0), “randomization visit”: Depression, Anxiety and Stress 

Scale (DASS), The World Health Organization quality of life-BREF (WHOQOL-BREF) 
completion, Food Frequency Questionnaire-6 (FFQ-6), blood pressure (BP), body mass index 
(BMI), waist circumference (WC) measurements, blood collection. 



• t1–t3: personal, telephone, or e-mail monitoring every 15 days according to the monitoring 
questionnaire (MQ). 

• V2, “the end of the study visit”, 60 days after V1: the MQ, MADRS, DASS, WHOQOL-BREF 
completion, BP, BMI, WC measurements, blood collection. 
4. 0utcome measures 

Delta (Δ) was defined as the difference between post-intervention (V2) and pre-intervention (V1) values. 
%delta (%Δ) was defined as the ratio of Δ to V1 multiplied by 100%. 

5. Primary outcome measures 

ΔHemoglobin (ΔHGB) is the change in hemoglobin levels over time, reflecting variations in the 
blood’s oxygen-carrying capacity [70]. 

6. Secondary outcome measures 

ΔRed Blood Cells (ΔRBC) is the change in the number of red blood cells, indicating shifts in the 
body’s ability to transport oxygen effectively [71]. 

ΔHematocrit (ΔHCT) is the change in the percentage of blood volume occupied by red blood cells, 
often used to assess hydration, anemia, or blood loss [71]. 

ΔMean Corpuscular Volume (ΔMCV) is the change in the average size of red blood cells, which helps 
identify different types of anemia or nutritional deficiencies [71]. 

ΔMean Corpuscular Hemoglobin (ΔMCH) is the change in the average amount of hemoglobin 
contained in each red blood cell, providing clues to the type and cause of anemia [71]. 

ΔMean Corpuscular Hemoglobin Concentration (ΔMCHC) is the change in the concentration of 
hemoglobin within red blood cells, used to evaluate red blood cell health and potential disorders [71]. 

ΔRed Cell Distribution Width (ΔRDW) is the change in the variation of red blood cell sizes, often 
associated with anemia and other hematological conditions [72]. 

7. Tertiary outcome measures 

Weight (Wt) is measurement of body mass, typically used to assess overall health and nutritional 
status [73]. 

Body Mass Index (BMI) is a ratio of weight to height, calculated to determine whether an individual 
is underweight, normal weight, overweight, or obese. BMI was computed by dividing weight by the 
square of height, expressed in kg/m². A BMI value of ≥25 indicated overweight (“grade I obesity”), 
while ≥30 indicated obesity (“grade II obesity”) [73]. 

Waist Circumference (WC) is measurement, which serves as an indicator of central adiposity and risk 
of metabolic diseases. WC was measured along the midaxillary line, between the lowest rib and the 
top of the iliac crest [74]. 

Waist-to-Weight Index (WWI) was calculated as WC divided by the square root of weight (√weight), 
serves as a novel obesity index that offers advantages over BMI and WC in assessing lean and fat mass 
[75] . 

Waist-to-Height Ratio (WHtR) is comparison of waist circumference to height, used to evaluate the 
distribution of body fat and potential health risks. WHtR has been identified as more effective than 
waist circumference (WC) and Body Mass Index (BMI) in detecting cardiometabolic risk factors in 
both men and women [76]. 



Blood Pressure (BP) is force of circulating blood on the walls of blood vessels, measured to evaluate 
cardiovascular health [77]. 

Fasting Glucose (fGlc) is level of glucose in the blood after a period of fasting, often used to assess 
risk for diabetes or metabolic disorders [78]. 

High-Density Lipoprotein Cholesterol (HDL-c) is type of cholesterol known as "good" cholesterol 
[79]. 

Non-HDL Cholesterol (non-HDL-c): is total of all cholesterol types other than HDL, including LDL, 
often linked to cardiovascular risk [80]. 

Triglycerides (TG) is a form of fat found in the blood that can be used for energy or stored, with high 
levels often associated with metabolic diseases [81]. 

Alanine Aminotransferase (ALT) is liver enzyme that helps metabolize amino acids; elevated levels 
may indicate liver damage or disease [82]. 

Aspartate Aminotransferase (AST) is liver enzyme used to assess liver health, often elevated 
alongside ALT in liver disorders [82]. 

ALT/AST is ratio of ALT to AST, often used to evaluate liver health and differentiate between various 
liver conditions [83]. 

Hepatic Steatosis Index (HSI) is non-invasive marker combining clinical and biochemical parameters 
to estimate the presence of fatty liver disease [84]. 

C-reactive Protein (CRP) is protein produced in response to inflammation, widely used as a 
biomarker for systemic inflammation [85]. 

Neutrophils (NEU) are type of white blood cell critical in the body's first response to infections and 
injuries [71]. 

Lymphocytes (LYM) are subtypes of white blood cells involved in adaptive immunity, playing a vital 
role in defending against infections and abnormal cells [71]. 

Monocytes (MON) are white blood cells that act as precursors to macrophages and dendritic cells, 
helping in immune response [71]. 

Platelets (PLT) are blood components that aggregate to form clots, essential for preventing excessive 
bleeding [71]. 

Systemic Immune-Inflammation Index (SII) is composite index incorporating neutrophils, platelets, 
and lymphocytes to evaluate systemic inflammation and immune activation. SII is calculated as NEU 
× PLT / LYM and is considered high when it exceeds 600 × 10^9 cells/L [86].  

Intestinal Fatty Acid-Binding Protein (I-FABP) is biomarker of gut epithelial damage, often 
measured to assess intestinal integrity, marker of for intestinal barrier dysfunction, often referred to as 
"leaky gut” [87]. 



Tumor Necrosis Factor Alpha (TNF-α) is pro-inflammatory cytokine involved in immune regulation, 
inflammation, and the pathogenesis of various diseases [88]. 

Montgomery-Åsberg Depression Rating Scale (MADRS) is clinician-administered tool used to 
measure the severity of depression symptoms [89]. 

Depression Anxiety Stress Scales (DASS) is self-reported assessment used to evaluate the emotional 
states of depression, anxiety, and stress [90]. 

Quality of Life (QoL) is subjective measure of an individual's overall well-being, encompassing 
physical, emotional, and social aspects of life [91]. 

Regarding the Montgomery-Asberg Depression Rating Scale (MADRS) is minimum clinically 
important difference (MCID) was defined as an improvement of at least two points [92], while a 
clinically meaningful change (CMC) was considered an improvement of at least six points [93]. The 
treatment response was characterized by a reduction in the initial score of at least 50% [94]. A MADRS 
score of less than 5 was used to  define narrow remission [94]. The MADRS was analyzed using a four-
factor model, encompassing sadness, neurovegetative symptoms, detachment, and negative thoughts 
[94].  

Percentage Change in DASS (%ΔDASS) is the overall relative change in the Depression Anxiety 
Stress Scales score, reflecting shifts in emotional states such as depression, anxiety, and stress [90]. 

Percentage Change in Depression Subscale of DASS (%ΔD-DASS) is the relative change in the 
depression subscale of the DASS, specifically assessing variations in depressive symptoms [90]. 

Percentage Change in Anxiety Subscale of DASS (%ΔA-DASS) is the relative change in the anxiety 
subscale of the DASS, showing improvements or declines in anxiety levels [90]. 

Percentage Change in Stress Subscale of DASS (%ΔS-DASS) is the relative change in the stress 
subscale of the DASS, measuring fluctuations in perceived stress levels [90]. 

Regarding the Depression, Anxiety, and Stress Scale (DASS), the minimum clinically important 
difference (MCID) was established as an improvement of six points for each subscale, totaling 
eighteen points for the entire scale, derived from calculations involving clinical outpatient populations 
[95]. 
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