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ABSTRACT

Undernutrition is associated with intestinal barrier dysfunction, oxidative stress, and systemic inflammation. This rand-
omized controlled trial investigated the effects of an 8-week multi-strain probiotic supplementation combined with an energy-
surplus diet in underweight adults. In this double-blind, placebo-controlled trial (IRCT20230310057667N1), 100 underweight
adults (BMI< 18.5kg/m?, aged 18-60years) were randomized (1:1) using sex-stratified block randomization (block size 4) to
receive either two daily probiotic capsules (Lactobacillus acidophilus LA5 10° CFU, Lactobacillus rhamnosus GG 10° CFU,
Lactobacillus casei 10° CFU) plus a 500 kcal/day energy-surplus diet, or identical placebo plus the same diet. Primary outcome
was change in serum zonulin concentration. Secondary outcomes included markers of oxidative stress and inflammation.
Per-protocol analysis was conducted on 95 participants who completed the study. Serum zonulin concentration decreased by
a mean of 0.98 +1.61 ng/mL in the probiotic group versus 0.22 +1.12ng/mL in the placebo group (p=0.047). Median changes
in secondary outcomes (probiotic versus placebo) were as follows: total antioxidant capacity +0.40 versus —0.01 mmol/L, total
oxidant status —4.22 versus +0.79 umol/L, glutathione peroxidase +4.0 versus —0.8 nmol/mL, malondialdehyde —0.046 versus
+0.006 nmol/mL, C-reactive protein —0.50 versus +0.10mg/L, and 1-h erythrocyte sedimentation rate —1 versus +1 mm/h.
The between-group differences were statistically significant for all outcomes (p <0.001 for secondary outcomes; p =0.047 for
serum zonulin). Multi-strain probiotic supplementation combined with a weight-gain diet significantly improves gut barrier
integrity, reduces oxidative stress and attenuates systemic inflammation in undernourished adults, offering a promising ad-
junctive nutritional intervention.

Abbreviations: BMI, body mass index; CBC, complete blood count; CFU, colony-forming unit; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; GPx,
glutathione peroxidase; HC, hip circumference; MDA, malondialdehyde; MLR, monocyte-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; RDW-SD, red cell
distribution width—standard deviation; TAC, total antioxidant capacity; TOS, total oxidant status; WC, waist circumference.
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1 | Introduction

Undernutrition, characterized by insufficient energy and nutrient
intake, affects approximately 390 million adults globally, leading
to underweight status, wasting, and increased morbidity (Hegazi
et al. 2024; World Health Organization 2024). Undernutrition
disrupts gut microbiota, compromises intestinal barrier function,
and promotes systemic inflammation and oxidative stress, which
impair nutrient absorption and exacerbate health complications
(Genton et al. 2015; Purnasari et al. 2021; Thompson et al. 2021).
Dysbiosis due to the imbalance in the gut microbiome compro-
mises intestinal permeability by altering tight junction proteins,
including zonulin and occludin (Christian et al. 2020; Levy
et al. 2017; Pino et al. 2021; Stérkel et al. 2018). Altered tight
junctions allow endotoxins to enter systemic circulation and
exacerbate inflaimmation and undernutrition-related compli-
cations (Mostafavi Abdolmaleky and Zhou 2024; Van Krimpen
et al. 2021).

Probiotics are live microorganisms conferring health benefits
when consumed in adequate amounts (Hotel 2001). Probiotics
recolonization restores gut microbiota balance and enhances
intestinal barrier function (Gou et al. 2022). Research demon-
strates that Lactobacillus species reduce inflammation and oxi-
dative stress by producing short-chain fatty acids (SCFAs) and
boosting antioxidant enzyme activity (e.g., glutathione peroxi-
dase and superoxide dismutase) (Chaiyasut et al. 2022; Fluitman
et al. 2017; Zolghadrpour et al. 2024). Specifically, Lactobacillus
acidophilus has been shown to improve gut permeability,
Lactobacillus casei supports mucosal immunity and reduce in-
flammation, and Lactobacillus rhamnosus was found to promote
weight gain in malnourished populations (Gauffin et al. 2002;
Million et al. 2012; Pan et al. 2021; Vendt et al. 2006). However,
evidence on the efficacy of specific probiotic strains in enhancing
gut barrier function are conflicting, with some studies reporting
moderate improvements in tight junction integrity and others
depicting minimal impact, due to strain-specific effects or differ-
ences in study design (Al-Sadi et al. 2021). Furthermore, while
certain Lactobacillus strains promote weight gain, others may
induce weight loss, necessitating strain-specific interventions
(Million et al. 2012).

The current body of probiotic research is especially focused
on overweight populations or populations with diseases.
However, the role of probiotics administration in underweight
adults, particularly in combination with weight-gain dietary
interventions, remains underexplored (Kadooka et al. 2013;
Kazemi et al. 2020; Pan et al. 2021; Sanchez et al. 2014). This
study investigates the synergistic effects of an 8-week course of
multi-strain probiotic supplement (Lactobacillus acidophilus,
Lactobacillus casei, and Lactobacillus rhamnosus) on antioxi-
dant defense and zonulin levels (a marker of gut permeability)
in combination with a tailored dietary intervention in under-
weight adults. By assessing zonulin, inflammation, and ox-
idative stress, this study aims to develop targeted nutritional
interventions for undernutrition and advance clinical nutrition
practices.

2 | Methods and Materials
2.1 | Study Design

The present study was a double-blind, randomized, placebo-
controlled trial designed to evaluate the effects of an 8-week
intervention combining a probiotic supplement (containing
Lactobacillus rhamnosus GG, Lactobacillus acidophilus, and
Lactobacillus casei) with aweight gain diet on gut barrier function,
oxidative stress markers, and inflammatory responses in under-
weight adults. The present study was conducted at the Nutrition
Specialty Clinic of the Imam Reza Hospital in Mashhad, Iran,
from August 2024 to February 2025. The study complied with the
ethical principles of the Declaration of Helsinki. Ethical clear-
ance was granted by the Mashhad University of Medical Sciences
Ethics Committee (codes: IRRMUMS.MEDICAL.REC.1401.589,
IR.MUMS.MEDICAL.REC.1402.057), and the trial was reg-
istered with the Iranian Registry of Clinical Trials (IRCT
20230310057667N1) (Issue date 30/03/2023), https://irct.behda
sht.gov.ir/trial/69130. This study was financially supported by
grants from Mashhad University of Medical Sciences (MUMS),
Mashhad, Iran (award/grant number: 4012306).

2.2 | Participants

Eligible participants were outpatients aged 18-60years with un-
dernutrition defined as body mass index (BMI) below 18.5kg/m?,
who did not have underlying medical conditions, were able to
read and write, and were willing to participate in the study by
the provision of written informed consent. Exclusion criteria
encompassed pregnancy or lactation, chronic conditions (e.g.,
diabetes, cancer, liver or kidney disease, inflammatory bowel
disease, or irritable bowel syndrome), use of medications in-
fluencing appetite or weight, consumption of antibiotics or
probiotic-containing products within the past 3 months, alcohol
use, or regular intake of probiotic-rich foods.

Participants were withdrawn from the study if they chose to dis-
continue participation in the study, became pregnant, developed
adverse reactions to the probiotic or placebo, or non-adherence
defined as less than 80% adherence to the intervention protocol.

The sample size was determined based on prior research by
Wilms et al. examining zonulin changes in healthy individuals
(Wilms et al. 2016). Calculation determined 42 participants per
group. Accounting for an 18% dropout rate, 50 individuals were
recruited per group, totaling 100 participants.

2.3 | Randomization and Blinding

A stratified randomization approach was employed to ensure
balanced group allocation by sex. An independent statistician
(not otherwise involved in the trial) generated the random al-
location sequence using a web-based tool (https://www.seale
denvelope.com), producing 25 blocks of size 4, stratified by sex.
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Eligible participants were enrolled by the principal investigator
and a research coordinator after providing written informed
consent. Allocation to the intervention or placebo group was
implemented by a blinded study pharmacist, who assigned
participants according to the pre-generated sequence using
sequentially numbered, sealed, opaque envelopes. Allocation
concealment was maintained until after enrollment, and the se-
quence remained concealed from participants, enrolling staff,
intervention administrators, outcome assessors, and data ana-
lysts throughout the trial.

2.4 | Instruments

At baseline, participants completed a detailed questionnaire
including demographic details (e.g., age, occupation, educa-
tion), socio-economic status (e.g., household size, housing
conditions), medical history, and current medication or sup-
plement use.

2.5 | Biochemical Evaluations

Blood samples were obtained at the baseline and the end of the
8th week following an overnight fast of 12h. Whole blood was
centrifuged at 3500 rpm for 10 min to isolate serum. Analyses
were performed at a private laboratory in Mashhad, Iran.
Serum C-reactive protein (CRP), erythrocyte sedimentation
rate (ESR) at 1 and 2h, and complete blood count (CBC) were
measured immediately following blood collection. Remaining
serum aliquots were frozen at —70°C for subsequent assays.
To assess gut barrier integrity, plasma levels of active, un-
cleaved zonulin were quantified using a Zonulin ELISA Kit
(Biorbyt, UK). Malondialdehyde (MDA), an indicator of oxi-
dative stress, was measured in serum via a spectrophotomet-
ric assay based on its reaction with thiobarbituric acid (TBA).
Additional oxidative stress markers, including total antioxi-
dant capacity (TAC), total oxidant status (TOS), and glutathi-
one peroxidase (GPx), were evaluated using commercial kits
(Navand Salamat Co., Urmia, Iran) and spectrophotometric
techniques. Hematological-inflammatory indices, specifically
the neutrophil-to-lymphocyte ratio (NLR) and monocyte-to-
lymphocyte ratio (MLR), were derived by dividing neutrophil
or platelet counts by lymphocyte counts, respectively (Diem
et al. 2017).

The energy requirements for each individual were calculated
via the Mifflin equation (Mifflin et al. 1990). All participants
received individualized dietary counseling to achieve an ad-
ditional energy surplus of approximately 500kcal/day above
estimated requirements, with a recommended overall macro-
nutrient distribution of 55% carbohydrates, 30% fats, and 15%
proteins to support healthy weight gain. Participants were in-
structed to preserve the structure and food types of their ha-
bitual diet as much as possible while incorporating additional
calorie-dense foods/snacks to meet the energy surplus target.
They were also advised to avoid consuming additional probi-
otic or synbiotic products during the study. Dietary intake and
physical activity were assessed at baseline and the end of the
study. Physical activity levels were measured using the vali-
dated Persian translation of the International Physical Activity

Questionnaire (IPAQ) (Vasheghani-Farahani et al. 2011).
Based on weekly activity duration, participants were classi-
fied as having mild (< 600 min), moderate (600-3000 min), or
high (>3000min) activity levels.

2.6 | Intervention

Participants were assigned to either the intervention or control
group and instructed to take two capsules daily—probiotic or
placebo—for 8weeks. Probiotic capsules, manufactured by
Pardis Roshd Company (Iran), contained Lactobacillus aci-
dophilus LAS5 4356 (10° CFU/capsule), Lactobacillus rhamnosus
GG53103 (10° CFU/capsule), Lactobacillus casei (10° CFU/cap-
sule), and a maltodextrin filler. Placebo capsules, also produced
by Pardis Roshd Company, contained only maltodextrin and
were designed to match the probiotic capsules in appearance,
size, taste, and odor.

2.7 | Statistical Analysis

The primary endpoint was the difference in gut permeability,
assessed by serum zonulin concentration, between the two
groups. Secondary endpoints include oxidative stress (mea-
sured by serum malondialdehyde [MDA], total antioxidant
capacity [TAC], total oxidant status [TOS], and glutathione
peroxidase [GPx]), inflammation (assessed via C-reactive
protein [CRP] and erythrocyte sedimentation rate [ESR]).
Statistical analyses were performed using SPSS software (ver-
sion 26). The per-protocol approach was applied for all anal-
yses. Normality distribution of continuous data was assessed
using the Kolmogorov-Smirnov test. Continuous data were
reported as means =+ standard deviations for normally distrib-
uted data and median and interquartile range (IQR) for non-
normally distributed data. Comparison of continuous data
between groups was performed using independent ¢-tests for
normally distributed data and Mann-Whitney U tests for non-
normally distributed data. Within-group comparisons were
conducted using paired t-tests for normally distributed data
and Wilcoxon signed-rank tests for non-normally distributed
data. Chi-square tests were applied to compare the distribu-
tion of categorical data between groups.

2.8 | Adverse Events

No adverse events were reported during the 8-week intervention
in either the probiotic or placebo group. Gastrointestinal symp-
toms were actively monitored via weekly contact and follow-up
visits, but none occurred. No serious adverse events or with-
drawals due to side effects were observed.

3 | Results

A total of 95 participants completed the 8-week intervention,
with 47 individuals in the probiotic group and 48 in the placebo
group (Figure 1). At baseline, there were no statistically signif-
icant differences between the groups in terms of demographic,
anthropometric, and dietary characteristics (all p>0.05),

Food Science & Nutrition, 2026

3of 10

85U80| 7 SUOWIWIOD BAIERID 8|qed!|dde 8Ly Aq pausenoh aJe sa e YO ‘88N JO Sa|nJ 104 Aeiq1T 8UIIUO A3 UO (SUO HIPUOD-PUe-SWBH WD A8 | 1M A1 1BU1|UO//SONY) SUORIPUOD Pue SWS 1 84} 89S *[9202/90/60] U0 AfeiqTaullUO AB|IA ‘GTETL EUSHZ00T OT/10p/iod A8 |m Az 1 juljuo//Sdny woiy papeojumod ‘9 ‘9202 ‘LLT.8¥0Z



[ Enroliment ]

Assessed for eligibility (n=300)

Excluded (n=200)
+ Not meeting inclusion criteria (n=120 )

>+ Declined to participate (n=50)
+ Other reasons (n=30)

Randomized (n=100)

I

l Allocation l

Allocated to placebo (n=50)

' l Follow-Up v

Allocated to intervention (n=50)

Due to unwillingness (n=1)

Due to travel (n=1)

Lost to follow-up (n=1)
Due to unwillingness (n=1)

Due to travel (n=1)

Analysed (n=48)

{ Analysis l

)

Analysed (n=47)

FIGURE1 | Flowchart of the study. Including patient screening, enrollment, and randomization. Dropouts occurred due to unwillingness and

travel.

confirming adequate matching of the participants. However,
statistically significant baseline differences were observed in
marital status and hip circumference, although these differ-
ences are unlikely to have substantially affected the primary
and secondary outcomes (Table 1).

Compared with the placebo group, probiotic supplementation
resulted in significantly greater improvements in all oxidative-
stress and inflammatory markers. Total antioxidant capac-
ity increased, whereas total oxidant status, malondialdehyde,
C-reactive protein, and 1-h erythrocyte sedimentation rate
decreased markedly only in the probiotic group. Glutathione
peroxidase activity increased significantly only in the probiotic
group (p<0.001) (Tables 2 and 3).

Serum zonulin concentration (primary outcome) decreased
from 36.70 (36.07, 37.32) to 35.72 (35.15, 36.28) ng/mL in the
probiotic group (p <0.001) but not in the placebo group (—0.22
(=0.65, 0.2) ng/mL, p=0.290). The between-group difference in
change was statistically significant (p =0.047; Table 4, Figure 2).

No significant effects of the intervention were observed on he-
matological inflammatory indices (neutrophil-to-lymphocyte
ratio, monocyte-to-lymphocyte ratio, or RDW-SD; Table 5).
Erythrocyte sedimentation rate measured at 2h showed identi-
cal trends to the 1-h value and is therefore not reported.

4 | Discussion

To the best of our knowledge, this randomized, double-blind
clinical trial was the first to evaluate the effects of an 8-week

multi-strain probiotic intervention, comprising Lactobacillus
rhamnosus GG, Lactobacillus acidophilus, and Lactobacillus
casei, on gut permeability, oxidative stress, and inflammation
in underweight adults. Our findings demonstrate significant
improvements in serum zonulin, TAC, TOS, GPx, MDA, CRP,
and ESR in the probiotic group compared to baseline. In con-
trast, the placebo group showed increased TOS and MDA and
decreased GPx, with significant between-group differences for
most markers. These results suggest that multi-strain probiotics
may mitigate undernutrition-related complications by enhanc-
ing gut barrier function, reducing oxidative damage, and attenu-
ating systemic inflammation.

Undernutrition, characterized by inadequate nutrient intake,
impairs pancreatic function, intestinal blood flow, villus struc-
ture, and gut barrier integrity, leading to compromised nutri-
ent absorption and altered gut microbiota composition (Genton
et al. 2015; Purnasari et al. 2021; Saunders and Smith 2010).
Current therapeutic approaches for undernutrition often lack
efficacy (Christian et al. 2020), highlighting the need for novel
interventions like probiotics to complement dietary treatments
(Kane et al. 2015).

4.1 | GutPermeability

The significant between-group difference in serum zonu-
lin reduction (—0.98 +1.61ng/mL in the probiotic group vs.
—0.22+1.12ng/mL in the placebo group; p=0.047) indicates
that multi-strain probiotic supplementation provided addi-
tional improvement in intestinal barrier integrity beyond
the energy-surplus diet alone. Although modest (1ng/mL),
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TABLE1 | Baseline demographic, anthropometric, and dietary characteristics of the study participants.

Characteristic Placebo group (n=43) Probiotic group (n=47) P
Age (years) 259+8.0 26.5+7.1 0.723
Sex (male) 20 (41.7%) 25 (53.2%) 0.261*
Marital status (married) 3(6.3%) 16 (34.0%) 0.001*
University education 41 (85.4%) 41 (87.2%) 0.797*
Physical activity level 0.360*

Mild 24 (50.0%) 27 (57.4%)

Moderate 15 (31.3%) 16 (34.0%)

Severe 9 (18.8%) 4 (8.5%)
Energy intake (kcal/day) 1495 £ 336 1530+335 0.630
Carbohydrate intake (g/day) 206+46 210+46 0.610
Protein intake (g/day) 67+15 69+15 0.620
Fat intake (g/day) 50+11 51+11 0.600
Dietary fiber (g/day) 209+4.7 21.4+47 0.610
Weight (kg) 48.4+7.0 50.3+8.0 0.216
BMI (kg/m?) 17.3+1.3 17.4+1.5 0.680
Waist circumference (cm) 71.3+6.6 71.0+4.8 0.820
Hip circumference (cm) 86.8+6.9 89.2+4.1 0.039

Note: Data are mean +SD or n (%). p-values from independent #-test or *chi-square test.

TABLE 2 | Energy intake at baseline, week 8, and changes during the intervention.

Parameter Placebo group (n=48)

Probiotic group (n=47)

Between-group p-value

Energy intake (kcal/day)
Week 0 (baseline) 1495.14 £ 336
Week 8 (endline) 1525.89 +360.14
Within-group change +30.75 (—2.28, 63.78)
Within-group p-value 0.067

Between-group difference in —
change (MD, 95% CI)

1529.79 +335 0.630
1793.34+£449.92 0.050
+263.55 (199.4, 327.7) —
0.001 —
— 232.96 (163.06, 302.87) p<0.001

Note: Data are presented as mean =+ SD for absolute values and mean (95% CI) for changes. Between-group comparisons at baseline and week 8 were performed using
independent ¢-test. Within-group changes assessed using paired t-test. Between-group difference in change assessed using independent t-test on the delta values.

this reduction is physiologically relevant in undernourished
adults, as even small decreases can reflect improved tight
junction integrity and reduced permeability, thereby helping
mitigate nutrient malabsorption and systemic complications.
Baseline levels suggest mild barrier dysfunction, and the
observed change aligns with prior probiotic studies linking
zonulin reductions to lower endotoxemia and inflammation
(Zheng et al. 2023).

This finding was particularly relevant for underweight adults,
as malnutrition-induced intestinal barrier dysfunction exac-
erbates nutrient malabsorption (Christian et al. 2020; Stdrkel
et al. 2018). Zonulin, a modulator of tight junction integrity,
serves as an innovative and underexplored biomarker to as-
sess undernutrition severity and treatment response. The

findings of the present study aligned with previous studies
reporting decreased zonulin levels after probiotic supplemen-
tation in stressed individuals and those with osteoarthritis
(Karim et al. 2024; Mk et al. 2018). However, a trial in patients
with type 2 diabetes found no effect on gut permeability after
12weeks, possibly due to disease-specific microbiota dysbio-
sis or longer intervention duration (Toejing et al. 2021). A re-
cent meta-analysis supports our observations, indicating that
probiotics reduced serum zonulin levels, with efficacy influ-
enced by intervention duration and population characteristics
(Zhenget al. 2023). The mechanism for this effect can be due to
the effects of probiotics in strengthening the intestinal barrier
by upregulating tight junction proteins (e.g., ZO-1, claudin-1),
promoting epithelial cell proliferation, and enhancing mucin
production, particularly MUC2, which bolsters the protective
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TABLE 3 | Oxidative stress and inflammatory markers at baseline and week 8.

Variable Placebo (n=48) Probiotic (n=47) p-value for change?
TAC (mmol/L)
Baseline 0.67 (0.48-0.97) 0.57 (0.37-0.87) <0.001
Week 8 0.60 (0.38-0.98) 0.96 (0.69-1.39)
Median change (IQR) —0.008 (=0.10 to 0.50) 0.399 (0.20 to 0.61)
Within-group p-value 0.060 <0.001
TOS (wmol/L)
Baseline 3.90 (1.10-6.69) 7.47 (3.25-12.84) <0.001
Week 8 4.44 (2.79-8.02) 2.87(0.41-6.19)
Median change (IQR) 0.79 (—0.87 to 2.79) —4.22 (—8.07 to —0.55)
Within-group p-value 0.010 <0.001
GPx (nmol/mL)
Baseline 29.56 (27.45-30.51) 25.81 (24.63-27.83) <0.001
Week 8 28.75 (26.67-29.23) 30.04 (26.86-34.98)
Median change (IQR) —0.78 (—2.58 t0 0.00) 4.00 (1.88 t0 6.58)
Within-group p-value 0.001 <0.001
MDA (nmol/mL)
Baseline 0.05 (0.02-0.09) 0.09 (0.07-0.12) <0.001
Week 8 0.10 (0.05-0.13) 0.04 (0.02-0.06)
Median change (IQR) 0.006 (0.00 to 0.104) —0.046 (—0.088 to —0.014)
Within-group p-value 0.001 <0.001
CRP (mg/L)
Baseline 1.75 (1.00-4.20) 1.00 (0.50-3.00) <0.001
Week 8 4.00 (1.92-4.80) 1.00 (0.30-1.20)
Median change (IQR) 0.10 (=0.35 to 3.67) —0.50 (—2.00 to0 0.20)
Within-group p-value 0.020 0.036
ESR1 (mm/h)
Baseline 3(2-4.75) 5(3-10) <0.001
Week 8 4(3-6.75) 3(3-6)
Median change (IQR) 1(0to2) —-1(-4t00)
Within-group p-value 0.001 <0.001

Note: Data are median (interquartile range).

2Between-group comparison of changes from baseline performed using the Mann-Whitney U test. Within-group comparisons were performed using the Wilcoxon

signed-rank test.

mucus layer (Gou et al. 2022; La Fata et al. 2018). Specifically,
L. acidophilus may reduce zonulin levels by restoring gut
barrier integrity (Liu et al. 2015, 2013), while L. casei sup-
ports mucosal immunity (Gauffin et al. 2002). Additionally,
probiotic-derived short-chain fatty acids (SCFAs), such as bu-
tyrate, provide energy to colonocytes, reinforce tight junction
integrity, and exert anti-inflammatory effects (Hodgkinson
et al. 2023). These changes may enhance nutrient absorp-
tion, addressing a critical challenge in undernutrition (Hegazi
et al. 2024).

4.2 | Oxidative Stress

Probiotic supplementation resulted in significantly greater im-
provements between groups in antioxidant defenses and oxida-
tive stress markers (p <0.001 for all: increased TAC and GPx;
decreased TOS and MDA), with the probiotic group showing
favorable changes (e.g., TAC +0.40 vs. —0.01 mmol/L; MDA
—0.046 vs. +0.006 nmol/mL) while the placebo group exhib-
ited worsening or minimal change in several markers despite
energy surplus. This may reflect paradoxical oxidative stress
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TABLE 4 | Serum zonulin concentrations (primary outcome) at baseline and week 8.

Variable Placebo group (n=48) Probiotic group (n=47) 4]
Zonulin (ng/mL), baseline 36.78 £1.98 36.70+2.12 0.830
Zonulin (ng/mL), week 8 36.56+1.95 35.72+1.92 0.037
Change from baseline -0.22+1.12 -0.98+£1.61 0.047
Within-group p-value 0.290 <0.001 —

Note: Data are presented as mean +SD. Between-group comparisons were performed using independent t-test (baseline and week 8). Within-group comparisons were

performed using paired ¢-test.

36.75 -

36.50

36.25

Mean

36.00

35.754

Group

~ Control
~— Intervention

T
Baseline

T
End of study

FIGURE2 | Changes in zonulin levels over the study period in the intervention and control groups.

from increased substrate load or incomplete metabolic adap-
tation in undernourished states, consistent with reports in
vulnerable populations. These findings were corroborated by
studies in patients with diabetic foot ulcers, where probiotics
reduced MDA and increased TAC (Mohseni et al. 2018), and in
metabolic syndrome, where GPx and TOS were improved by
probiotic administration (Zolghadrpour et al. 2024). A meta-
analysis reported a significant reduction in MDA and increase
in TAC at probiotic doses below 0.4x10'°CFU (Musazadeh
et al. 2023). Inconsistent results in other studies may stem from
variations in probiotic strains or the severity of oxidative stress
in different populations (Den et al. 2020; Vaghef-Mehrabany
et al. 2016). Probiotics likely exert antioxidant effects by modu-
lating gut microbiota to produce SCFAs, chelating pro-oxidant
metal ions (e.g., iron, copper), and upregulating enzymes such
as GPx and superoxide dismutase, thereby reducing reactive
oxygen species and lipid peroxidation (Averina et al. 2021;
Mounir et al. 2022; Xu et al. 2021). These effects are partic-
ularly relevant in undernutrition, where nutrient deficiencies
exacerbate oxidative damage (Berger 2005).

4.3 | Inflammation

The probiotic group exhibited significantly greater reductions
in inflammatory markers compared with placebo (p<0.001 for
CRP: —0.50 vs. +0.10mg/L; ESR: —1 vs. +1 mm/h), whereas NLR
and MLR showed no significant change. The modest increases in
CRP and ESR observed in the placebo group indicate that energy
surplus alone is insufficient to mitigate inflammation when gut-
mediated mechanisms remain unaddressed.

Although the observed biomarker alterations achieved statisti-
cal significance, their clinical implications in undernourished
adults merit consideration. Decreases in CRP and ESR, coupled
with enhanced TAC, reflect attenuation of low-grade systemic
inflammation and oxidative stress, potentially diminishing in-
fection susceptibility and facilitating immune reconstitution
(Merker et al. 2020). These findings are consistent with estab-
lished probiotic-mediated anti-inflammatory mechanisms, in-
cluding modulation of gut microbiota composition, diminution
of lipopolysaccharide (LPS) translocation through reinforced
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TABLE 5 | Hematological inflammatory indices at baseline and week 8.

Variable Placebo group (n=483) Probiotic group (n=47) p? (change)
RDW-SD (fL)
Baseline 47.9 (46.5-49.4) 47.1 (45.6-48.7)
Week 8 47.5 (43.9-48.5) 46.2 (45.1-47.4)
Change —0.9 (-3.5t00.7) —0.6 (-1.8 t0 0.0) 0.447
Within-group p-value 0.001 0.004
Neutrophil-to-lymphocyte ratio (NLR)
Baseline 1.75 (1.32-2.68) 1.86 (1.61-2.46)
Week 8 1.64 (1.25-2.47) 2.04 (1.31-2.48)
Change —0.12 (—0.42 to 0.31) 0.03 (=0.43 to 0.47) 0.450
Within-group p-value 0.383 0.700
Monocyte-to-lymphocyte ratio (MLR)
Baseline 0.15(0.11-0.22) 0.15(0.13-0.19)
Week 8 0.14 (0.11-0.18) 0.16 (0.13-0.22)
Change —0.01 (—0.04 t0 0.03) 0.01 (—0.03 to 0.05) 0.130

Within-group p-value 0.300

0.280

Note: Data are presented as median (interquartile range).

aBetween-group comparison of changes was performed using the Mann-Whitney U test. Within-group comparisons were performed using the Wilcoxon signed-rank
test. No significant between-group differences were observed for any hematological inflammatory index (all p > 0.05).

intestinal barrier integrity, and modulation of cytokine profiles
(e.g., reduced IL-6, elevated IL-10) (Chen et al. 2024; Cristofori
et al. 2021). SCFAs, notably butyrate, further inhibit pro-
inflammatory signaling pathways such as NF-xB. The limited
magnitude of CRP reduction and the absence of changes in
NLR/MLR likely stem from the low baseline inflammatory bur-
den and the relatively short intervention period. Collectively,
these findings suggest that the tested multi-strain probiotics
confer targeted anti-inflammatory effects in undernutrition,
particularly in contexts of compromised gut barrier function
(Cristofori et al. 2021).

The results of our study suggest that multi-strain probiotic sup-
plementation combined with an energy-surplus diet effectively
reduced gut permeability, oxidative stress, and inflammation in
undernourished adults. To the best of our knowledge, this is the
first RCT evaluating this specific Lactobacillus combination in
underweight adults. However, the 8-week duration limits con-
clusions on long-term effects, which should be explored in fu-
ture studies.

4.4 | Conclusion and Future Directions

In conclusion, adding this multi-strain probiotic to a 500kcal/
day energy-surplus diet significantly improved gut barrier func-
tion, reduced oxidative stress, and attenuated inflammation in
undernourished adults compared to diet alone. These findings
suggest that energy surplus by diet alone may be insufficient for
resolving oxidative/inflammatory issues in undernutrition, sup-
porting adjunctive probiotics. Future research should examine

longer interventions, microbiota profiling, clinical outcomes,
and feasible delivery methods in diverse populations. This study
employed a per-protocol analysis to assess the efficacy of the ad-
ministered dose of probiotics under optimal compliance condi-
tions. While the low dropout rate suggests that intention-to-treat
(ITT) findings would likely be similar, the per-protocol approach
was chosen to directly address the study's primary objective of
evaluating the biological effect of the intervention when fully
administered. However, this approach limits the generalizabil-
ity of findings to real-world settings where adherence may vary.
The findings our study reported what could be expected if full
compliance was achieved; therefore, further studies should eval-
uate the effects of the multi-strain probiotic supplement on the
outcomes among undernourished adults based on intention-to-
treat analysis.

Author Contributions

Alireza Hatami: conceptualization, writing - original draft, writing
- review and editing, data curation, investigation, project adminis-
tration, supervision, visualization, methodology. Mohammad Hadi
Eskandari: resources, writing - review and editing. Ali Jafarzadeh
Esfehani: formal analysis, writing — review and editing, software,
visualization. Asma Afshari: supervision, writing — review and ed-
iting, methodology, resources. Maryam Ahmadi-Khorram: con-
ceptualization, writing - original draft, writing - review and editing,
data curation, investigation, project administration, supervision,
methodology. Mohsen Nematy: supervision, funding acquisition,
resources, validation, conceptualization, project administration.
Parastoo Asghari: writing - original draft, writing - review and
editing. Elyas Nattagh-Eshtivani: writing - review and editing,
formal analysis.

8 of 10

Food Science & Nutrition, 2026

85U80| 7 SUOWIWIOD BAIERID 8|qed!|dde 8Ly Aq pausenoh aJe sa e YO ‘88N JO Sa|nJ 104 Aeiq1T 8UIIUO A3 UO (SUO HIPUOD-PUe-SWBH WD A8 | 1M A1 1BU1|UO//SONY) SUORIPUOD Pue SWS 1 84} 89S *[9202/90/60] U0 AfeiqTaullUO AB|IA ‘GTETL EUSHZ00T OT/10p/iod A8 |m Az 1 juljuo//Sdny woiy papeojumod ‘9 ‘9202 ‘LLT.8¥0Z



Acknowledgments

We would like to thank all participants in this study for their time and
cooperation, without which this research would not have been possible.
This study is based on an MSc student thesis.

Funding

This study was financially supported by a grant from Mashhad
University of Medical Sciences (MUMS), Mashhad, Iran (4012306).

Ethics Statement

This study was conducted according to the principles of the
Declaration of Helsinki. The protocol of this study was con-
firmed by the ethics committee of Mashhad University of Medical
Sciences (ethics numbers: IR.MUMS.MEDICAL.REC.1401.589,
IR.MUMS.MEDICAL.REC.1402.057). Written informed consent was
obtained from all participants prior to enrollment after full explanation
of the study purpose, procedures, potential risks and benefits, volun-
tary nature, right to withdraw at any time, and data confidentiality
measures.

Consent

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

References

Al-Sadi, R., P. Nighot, M. Nighot, M. Haque, M. Rawat, and T. Y. Ma.
2021. “Lactobacillus acidophilus Induces a Strain-Specific and Toll-
Like Receptor 2-Dependent Enhancement of Intestinal Epithelial Tight
Junction Barrier and Protection Against Intestinal Inflammation.”
American Journal of Pathology 191, no. 5: 872-884. https://doi.org/10.
1016/j.ajpath.2021.02.003.

Averina, O. V., E. U. Poluektova, M. V. Marsova, and V. N. Danilenko.
2021. “Biomarkers and Utility of the Antioxidant Potential of Probiotic
Lactobacilli and Bifidobacteria as Representatives of the Human Gut
Microbiota.” Biomedicine 9, no. 10: 1340. https://doi.org/10.3390/biome
dicines9101340.

Berger, M. M. 2005. “Can Oxidative Damage Be Treated Nutritionally?”
Clinical Nutrition 24, no. 2: 172-183. https://doi.org/10.1016/j.clnu.
2004.10.003.

Chaiyasut, C., B. S. Sivamaruthi, N. Lailerd, et al. 2022. “Probiotics
Supplementation Improves Intestinal Permeability, Obesity Index
and Metabolic Biomarkers in Elderly Thai Subjects: A Randomized
Controlled Trial.” Food 11, no. 3: 268. https://doi.org/10.3390/foods
11030268.

Chen, W.-J., Y.-T. Chen, J.-L. Ko, et al. 2024. “Butyrate Modulates Gut
Microbiota and Anti-Inflammatory Response in Attenuating Cisplatin-
Induced Kidney Injury.” Biomedicine & Pharmacotherapy 181: 117689.
https://doi.org/10.1016/j.biopha.2024.117689.

Christian, V. J., K. R. Miller, and R. G. Martindale. 2020. “Food
Insecurity, Malnutrition, and the Microbiome.” Current Nutrition
Reports 9, no. 4: 356-360. https://doi.org/10.1007/s13668-020-00342-0.

Cristofori, F., V. N. Dargenio, C. Dargenio, V. L. Miniello, M. Barone,
and R. Francavilla. 2021. “Anti-Inflammatory and Immunomodulatory

Effects of Probiotics in Gut Inflammation: A Door to the Body.” Frontiers
in Immunology 12: 578386. https://doi.org/10.3389/fimmu.2021.578386.

Den, H., X. Dong, M. Chen, and Z. Zou. 2020. “Efficacy of Probiotics
on Cognition, and Biomarkers of Inflammation and Oxidative Stress
in Adults With Alzheimer's Disease or Mild Cognitive Impairment—A
Meta-Analysis of Randomized Controlled Trials.” Aging (Albany NY)
12, no. 4: 4010-4039. https://doi.org/10.18632/aging.102810.

Diem, S., S. Schmid, M. Krapf, et al. 2017. “Neutrophil-To-Lymphocyte
Ratio (NLR) and Platelet-To-Lymphocyte Ratio (PLR) as Prognostic
Markers in Patients With Non-Small Cell Lung Cancer (NSCLC)
Treated With Nivolumab.” Lung Cancer 111: 176-181. https://doi.org/
10.1016/j.lungcan.2017.07.024.

Fluitman, K. S.,N. C. De Clercq, B. J. F. Keijser, M. Visser, M. Nieuwdorp,
and R. G. Ijzerman 2017. “The Intestinal Microbiota, Energy Balance,
and Malnutrition: Emphasis on the Role of Short-Chain Fatty Acids.”
Expert Review of Endocrinology and Metabolism 12, no. 3: 215-226.
https://doi.org/10.1080/17446651.2017.1318060.

Gauffin, C. P., G. Aguero, and G. Perdigon. 2002. “Adjuvant Effects
of Lactobacillus casei Added to a Renutrition Diet in a Malnourished
Mouse Model.” Biocell 26, no. 1: 35-48.

Genton, L., P. D. Cani, and J. Schrenzel. 2015. “Alterations of Gut Barrier
and Gut Microbiota in Food Restriction, Food Deprivation and Protein-
Energy Wasting.” Clinical Nutrition 34, no. 3: 341-349. https://doi.org/
10.1016/j.clnu.2014.10.003.

Gou, H.-Z., Y.-L. Zhang, L.-F. Ren, Z.-J. Li, and L. Zhang. 2022. “How
Do Intestinal Probiotics Restore the Intestinal Barrier?” Frontiers in
Microbiology 13: 929346. https://doi.org/10.3389/fmicb.2022.929346.

Hegazi, R., A. Miller, and A. Sauer. 2024. “Evolution of the Diagnosis of
Malnutrition in Adults: A Primer for Clinicians.” Frontiers in Nutrition
11: 1169538. https://doi.org/10.3389/fnut.2024.1169538.

Hodgkinson, K., F. El Abbar, P. Dobranowski, et al. 2023. “Butyrate’s
Role in Human Health and the Current Progress Towards Its Clinical
Application to Treat Gastrointestinal Disease.” Clinical Nutrition 42,
no. 2: 61-75. https://doi.org/10.1016/j.clnu.2022.10.024.

Hotel, A. 2001. Health and Nutritional Properties of Probiotics in Food
Including Powder Milk With Live Lactic Acid Bacteria — Joint FAO/
WHO Expert Consultation. https://openknowledge.fao.org/handle/20.
500.14283/y6398e.

Kadooka, Y., M. Sato, A. Ogawa, et al. 2013. “Effect of Lactobacillus gas-
seri SBT2055 in Fermented Milk on Abdominal Adiposity in Adults in
a Randomised Controlled Trial.” British Journal of Nutrition 110, no. 9:
1696-1703. https://doi.org/10.1017/s0007114513001037.

Kane, A.V.,D. M. Dinh, and H. D. Ward. 2015. “Childhood Malnutrition
and the Intestinal Microbiome.” Pediatric Research 77, no. 1-2: 256-262.
https://doi.org/10.1038/pr.2014.179.

Karim, A., H. A. Khan, M. S. Igbal, F. Ahmad, and R. Qaisar. 2024.
“Probiotics’ Supplementation Alleviates Disease Severity and Improves
Postural Balance by Repairing Intestinal Leak in Patients Suffering
From Osteoarthritis: A Double-Blinded Clinical Trial.” British Journal
of Nutrition 132, no. 12: 1602-1610. https://doi.org/10.1017/S000711452
4002824.

Kazemi, A., A. A. Noorbala, and K. Djafarian. 2020. “Effect of Probiotic
and Prebiotic Versus Placebo on Appetite in Patients With Major
Depressive Disorder: Post Hoc Analysis of a Randomised Clinical Trial.”
Journal of Human Nutrition and Dietetics 33, no. 1: 56-65. https://doi.
org/10.1111/jhn.12675.

La Fata, G., P. Weber, and M. H. Mohajeri. 2018. “Probiotics and the Gut
Immune System: Indirect Regulation.” Probiotics and Antimicrobial
Proteins 10, no. 1: 11-21. https://doi.org/10.1007/s12602-017-9322-6.

Levy, M., A. A. Kolodziejczyk, C. A. Thaiss, and E. Elinav. 2017.
“Dysbiosis and the Immune System.” Nature Reviews. Immunology 17,
no. 4: 219-232. https://doi.org/10.1038/nri.2017.7.

Food Science & Nutrition, 2026

9 0f 10

85U80| 7 SUOWIWIOD BAIERID 8|qed!|dde 8Ly Aq pausenoh aJe sa e YO ‘88N JO Sa|nJ 104 Aeiq1T 8UIIUO A3 UO (SUO HIPUOD-PUe-SWBH WD A8 | 1M A1 1BU1|UO//SONY) SUORIPUOD Pue SWS 1 84} 89S *[9202/90/60] U0 AfeiqTaullUO AB|IA ‘GTETL EUSHZ00T OT/10p/iod A8 |m Az 1 juljuo//Sdny woiy papeojumod ‘9 ‘9202 ‘LLT.8¥0Z


https://doi.org/10.1016/j.ajpath.2021.02.003
https://doi.org/10.1016/j.ajpath.2021.02.003
https://doi.org/10.3390/biomedicines9101340
https://doi.org/10.3390/biomedicines9101340
https://doi.org/10.1016/j.clnu.2004.10.003
https://doi.org/10.1016/j.clnu.2004.10.003
https://doi.org/10.3390/foods11030268
https://doi.org/10.3390/foods11030268
https://doi.org/10.1016/j.biopha.2024.117689
https://doi.org/10.1007/s13668-020-00342-0
https://doi.org/10.3389/fimmu.2021.578386
https://doi.org/10.18632/aging.102810
https://doi.org/10.1016/j.lungcan.2017.07.024
https://doi.org/10.1016/j.lungcan.2017.07.024
https://doi.org/10.1080/17446651.2017.1318060
https://doi.org/10.1016/j.clnu.2014.10.003
https://doi.org/10.1016/j.clnu.2014.10.003
https://doi.org/10.3389/fmicb.2022.929346
https://doi.org/10.3389/fnut.2024.1169538
https://doi.org/10.1016/j.clnu.2022.10.024
https://openknowledge.fao.org/handle/20.500.14283/y6398e
https://openknowledge.fao.org/handle/20.500.14283/y6398e
https://doi.org/10.1017/s0007114513001037
https://doi.org/10.1038/pr.2014.179
https://doi.org/10.1017/S0007114524002824
https://doi.org/10.1017/S0007114524002824
https://doi.org/10.1111/jhn.12675
https://doi.org/10.1111/jhn.12675
https://doi.org/10.1007/s12602-017-9322-6
https://doi.org/10.1038/nri.2017.7

Liu, Z., C. Li, M. Huang, et al. 2015. “Positive Regulatory Effects of
Perioperative Probiotic Treatment on Postoperative Liver Complications
After Colorectal Liver Metastases Surgery: A Double-Center and
Double-Blind Randomized Clinical Trial.” BMC Gastroenterology 15:
34. https://doi.org/10.1186/s12876-015-0260-z.

Liu, Z. H., M. J. Huang, X. W. Zhang, et al. 2013. “The Effects of
Perioperative Probiotic Treatment on Serum Zonulin Concentration and
Subsequent Postoperative Infectious Complications After Colorectal
Cancer Surgery: A Double-Center and Double-Blind Randomized
Clinical Trial.” American Journal of Clinical Nutrition 97, no. 1: 117-
126. https://doi.org/10.3945/ajcn.112.040949.

Merker, M., M. Felder, L. Gueissaz, et al. 2020. “Association of Baseline
Inflammation With Effectiveness of Nutritional Support Among
Patients With Disease-Related Malnutrition: A Secondary Analysis of
a Randomized Clinical Trial.” JAMA Network Open 3, no. 3: €200663.
https://doi.org/10.1001/jamanetworkopen.2020.0663.

Mifflin, M. D., S. T. St Jeor, L. A. Hill, B. J. Scott, S. A. Daugherty,
and Y. O. Koh. 1990. “A New Predictive Equation for Resting Energy
Expenditure in Healthy Individuals.” American Journal of Clinical
Nutrition 51, no. 2: 241-247. https://doi.org/10.1093/ajcn/51.2.241.

Million, M., E. Angelakis, M. Paul, F. Armougom, L. Leibovici, and D.
Raoult. 2012. “Comparative Meta-Analysis of the Effect of Lactobacillus
Species on Weight Gain in Humans and Animals.” Microbial Pathogenesis
53, no. 2: 100-108. https://doi.org/10.1016/j.micpath.2012.05.007.

Mk, K., F. Marotta, R. Catanzaro, et al. 2018. “Beneficial Gut Effect
of a Symbiotic-Probiotic Regimen in Healthy Stressed Individuals:
Effectiveness on Permeability, Microbiota and Detoxification
Parameters.” Journal of Gastrointestinal & Digestive System 8: 1-10.
https://doi.org/10.4172/2161-069X.1000560.

Mohseni, S., M. Bayani, F. Bahmani, et al. 2018. “The Beneficial Effects
of Probiotic Administration on Wound Healing and Metabolic Status
in Patients With Diabetic Foot Ulcer: A Randomized, Double-Blind,
Placebo-Controlled Trial.” Diabetes/Metabolism Research and Reviews
34, no. 3: €2970. https://doi.org/10.1002/dmrr.2970.

Mostafavi Abdolmaleky, H., and J. R. Zhou. 2024. “Gut Microbiota
Dysbiosis, Oxidative Stress, Inflammation, and Epigenetic Alterations
in Metabolic Diseases.” Antioxidants 13, no. 8: 985. https://doi.org/10.
3390/antiox13080985.

Mounir, M., A. Ibijbijen, K. Farih, H. N. Rabetafika, and H. L.
Razafindralambo. 2022. “Synbiotics and Their Antioxidant Properties,
Mechanisms, and Benefits on Human and Animal Health: A Narrative
Review.” Biomolecules 12, no. 10: 1443. https://doi.org/10.3390/biom1
2101443.

Musazadeh, V., A. H. Faghfouri, M. Zarezadeh, et al. 2023. “Remarkable
Impacts of Probiotics Supplementation in Enhancing of the Antioxidant
Status: Results of an Umbrella Meta-Analysis.” Frontiers in Nutrition
10: 1117387. https://doi.org/10.3389/fnut.2023.1117387.

Pan, Y., L. Yang, B. Dai, B. Lin, S. Lin, and E. Lin. 2021. “Effects of
Probiotics on Malnutrition and Health-Related Quality of Life in
Patients Undergoing Peritoneal Dialysis: A Randomized Controlled
Trial.” Journal of Renal Nutrition 31, no. 2: 199-205. https://doi.org/10.
1053/j.jrn.2020.04.008.

Pino, A., A. M. C. Rapisarda, S. G. Vitale, et al. 2021. “A Clinical Pilot
Study on the Effect of the Probiotic Lacticaseibacillus Rhamnosus TOM
22.8 Strain in Women With Vaginal Dysbiosis.” Scientific Reports 11, no.
1:2592. https://doi.org/10.1038/s41598-021-81931-z.

Purnasari, P. W., T. Nasihun, and S. T. Zulaikhah. 2021. “Effects
of Single or Combined Supplementation of Probiotics and Zinc on
Histological Features of Ileum, Glucagon Like Peptide-1 and Ghrelin
Levels in Malnourished Rats.” Folia Med (Plovdiv) 63, no. 1: 59-66.
https://doi.org/10.3897/folmed.63.e53768.

Sanchez, M., C. Darimont, V. Drapeau, et al. 2014. “Effect of
Lactobacillus rhamnosus CGMCC1.3724 Supplementation on Weight

Loss and Maintenance in Obese Men and Women.” British Journal of
Nutrition 111, no. 8: 1507-1519. https://doi.org/10.1017/s000711451
3003875.

Saunders, J., and T. Smith. 2010. “Malnutrition: Causes and
Consequences.” Clinical Medicine (London, England) 10, no. 6: 624-627.
https://doi.org/10.7861/clinmedicine.10-6-624.

Stirkel, P., S. Leclercq, P. de Timary, and B. Schnabl. 2018. “Intestinal
Dysbiosis and Permeability: The Yin and Yang in Alcohol Dependence
and Alcoholic Liver Disease.” Clinical Science (London, England) 132,
no. 2: 199-212. https://doi.org/10.1042/cs20171055.

Thompson, A. J.,, C. D. Bourke, R. C. Robertson, et al. 2021.
“Understanding the Role of the Gut in Undernutrition: What Can
Technology Tell Us?” Gut 70, no. 8: 1580-1594. https://doi.org/10.1136/
gutjnl-2020-323609.

Toejing, P., N. Khampithum, S. Sirilun, C. Chaiyasut, and N. Lailerd.
2021. “Influence of Lactobacillus paracasei HII0O1 Supplementation
on Glycemia and Inflammatory Biomarkers in Type 2 Diabetes: A
Randomized Clinical Trial.” Food 10, no. 7: 1455. https://doi.org/10.
3390/foods10071455.

Vaghef-Mehrabany, E., A. Homayouni-Rad, B. Alipour, S. K. Sharif,
L. Vaghef-Mehrabany, and S. Alipour-Ajiry. 2016. “Effects of Probiotic
Supplementation on Oxidative Stress Indices in Women With
Rheumatoid Arthritis: A Randomized Double-Blind Clinical Trial.”
Journal of the American College of Nutrition 35, no. 4: 291-299. https://
doi.org/10.1080/07315724.2014.959208.

Van Krimpen, S. J., F. A. Jansen, V. L. Ottenheim, C. Belzer, M. van
der Ende, and K. van Norren. 2021. “The Effects of Pro-, Pre-, and
Synbiotics on Muscle Wasting, a Systematic Review—Gut Permeability
as Potential Treatment Target.” Nutrients 13, no. 4: 1115. https://doi.org/
10.3390/nu13041115.

Vasheghani-Farahani, A., M. Tahmasbi, H. Asheri, H. Ashraf, S.
Nedjat, and R. Kordi. 2011. “The Persian, Last 7-Day, Long Form of
the International Physical Activity Questionnaire: Translation and
Validation Study.” Asian Journal of Sports Medicine 2, no. 2: 106-116.
https://doi.org/10.5812/asjsm.34781.

Vendt, N., H. Grunberg, T. Tuure, et al. 2006. “Growth During the First
6 Months of Life in Infants Using Formula Enriched With Lactobacillus
rhamnosus GG: Double-Blind, Randomized Trial.” Journal of Human
Nutrition and Dietetics 19, no. 1: 51-58. https://doi.org/10.1111/j.1365-
277X.2006.00660.x.

Wilms, E.,J. Gerritsen, H. Smidt, et al. 2016. “Effects of Supplementation
of the Synbiotic Ecologic®” 825/FOS P6 on Intestinal Barrier Function in
Healthy Humans: A Randomized Controlled Trial.” PLoS One 11, no.
12: e0167775. https://doi.org/10.1371/journal.pone.0167775.

World Health Organization. 2024. Malnutrition [Online] 2024. https://
www.who.int/news-room/fact-sheets/detail/malnutrition.

Xu, Y., Y. Yu, Y. Shen, et al. 2021. “Effects of Bacillus Subtilis and
Bacillus licheniformis on Growth Performance, Immunity, Short Chain
Fatty Acid Production, Antioxidant Capacity, and Cecal Microflora in
Broilers.” Poultry Science 100, no. 9: 101358. https://doi.org/10.1016/j.
Psj.2021.101358.

Zheng, Y., Z. Zhang, P. Tang, et al. 2023. “Probiotics Fortify Intestinal
Barrier Function: A Systematic Review and Meta-Analysis of
Randomized Trials.” Frontiers in Immunology 14: 1143548. https://doi.
org/10.3389/fimmu.2023.1143548.

Zolghadrpour, M.-A., M.-R. Jowshan, M. H. Seyedmahalleh, H.
Imani, F. Karimpour, and S. Asghari. 2024. “Consumption of a New
Developed Synbiotic Yogurt Improves Oxidative Stress Status in Adults
With Metabolic Syndrome: A Randomized Controlled Clinical Trial.”
Scientific Reports 14, no. 1: 20333. https://doi.org/10.1038/s41598-024-
71264-y.

10 of 10

Food Science & Nutrition, 2026

85U80| 7 SUOWIWIOD BAIERID 8|qed!|dde 8Ly Aq pausenoh aJe sa e YO ‘88N JO Sa|nJ 104 Aeiq1T 8UIIUO A3 UO (SUO HIPUOD-PUe-SWBH WD A8 | 1M A1 1BU1|UO//SONY) SUORIPUOD Pue SWS 1 84} 89S *[9202/90/60] U0 AfeiqTaullUO AB|IA ‘GTETL EUSHZ00T OT/10p/iod A8 |m Az 1 juljuo//Sdny woiy papeojumod ‘9 ‘9202 ‘LLT.8¥0Z


https://doi.org/10.1186/s12876-015-0260-z
https://doi.org/10.3945/ajcn.112.040949
https://doi.org/10.1001/jamanetworkopen.2020.0663
https://doi.org/10.1093/ajcn/51.2.241
https://doi.org/10.1016/j.micpath.2012.05.007
https://doi.org/10.4172/2161-069X.1000560
https://doi.org/10.1002/dmrr.2970
https://doi.org/10.3390/antiox13080985
https://doi.org/10.3390/antiox13080985
https://doi.org/10.3390/biom12101443
https://doi.org/10.3390/biom12101443
https://doi.org/10.3389/fnut.2023.1117387
https://doi.org/10.1053/j.jrn.2020.04.008
https://doi.org/10.1053/j.jrn.2020.04.008
https://doi.org/10.1038/s41598-021-81931-z
https://doi.org/10.3897/folmed.63.e53768
https://doi.org/10.1017/s0007114513003875
https://doi.org/10.1017/s0007114513003875
https://doi.org/10.7861/clinmedicine.10-6-624
https://doi.org/10.1042/cs20171055
https://doi.org/10.1136/gutjnl-2020-323609
https://doi.org/10.1136/gutjnl-2020-323609
https://doi.org/10.3390/foods10071455
https://doi.org/10.3390/foods10071455
https://doi.org/10.1080/07315724.2014.959208
https://doi.org/10.1080/07315724.2014.959208
https://doi.org/10.3390/nu13041115
https://doi.org/10.3390/nu13041115
https://doi.org/10.5812/asjsm.34781
https://doi.org/10.1111/j.1365-277X.2006.00660.x
https://doi.org/10.1111/j.1365-277X.2006.00660.x
https://doi.org/10.1371/journal.pone.0167775
https://www.who.int/news-room/fact-sheets/detail/malnutrition
https://www.who.int/news-room/fact-sheets/detail/malnutrition
https://doi.org/10.1016/j.psj.2021.101358
https://doi.org/10.1016/j.psj.2021.101358
https://doi.org/10.3389/fimmu.2023.1143548
https://doi.org/10.3389/fimmu.2023.1143548
https://doi.org/10.1038/s41598-024-71264-y
https://doi.org/10.1038/s41598-024-71264-y

	A Novel Combination of Probiotic Supplements Reduces Gut Permeability, Oxidative Stress, and Inflammation in Undernourished Adults: A Randomized Controlled Trial
	ABSTRACT
	1   |   Introduction
	2   |   Methods and Materials
	2.1   |   Study Design
	2.2   |   Participants
	2.3   |   Randomization and Blinding
	2.4   |   Instruments
	2.5   |   Biochemical Evaluations
	2.6   |   Intervention
	2.7   |   Statistical Analysis
	2.8   |   Adverse Events

	3   |   Results
	4   |   Discussion
	4.1   |   Gut Permeability
	4.2   |   Oxidative Stress
	4.3   |   Inflammation
	4.4   |   Conclusion and Future Directions

	Author Contributions
	Acknowledgments
	Funding
	Ethics Statement
	Consent
	Conflicts of Interest
	Data Availability Statement
	References


