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Abbreviations

B: Bifidobacterium T2D: Type 2 diabetes

BF: Body fat VAF: Visceral fat area

BFM: Body fat mass WC: Waist circumference

BW: Body weight WMD: Weight mean difference

CFU: Colony forming units

CI: Confidence interval

CLA: Conjugated linoleic acid

CMD: Cardiometabolic disease

CRP: C-reactive protein

FDFs: Fermented dairy foods

GLP-1: Glucagon-like peptide-1

HbalC: Glycosylated hemoglobin

HDL: High density lipoprotein

HOMA-IR: Homeostatic model assessment
HR: Hazard Ratio

ITT: Intention-to-Treat

L: Lactobacillus

LDL: Low density lipoprotein

MeSH: Medical subject headings

OR: Odds Ratio

PCS: Prospective cohort studies

PICOS: Population, Intervention, Comparison, Outcomes and Study design
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analysis
RCT: Randomized controlled trial

RR: Relative Risk

SCFA: Subcutaneous fat area

SD: Standard deviation

SE: Standard error
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Summary (30 words maximum): Fermented milk and yogurt consumption are associated with
reduced cardiometabolic disease risk. Furthermore, probiotic supplementation could be considered

beneficial for lowering lipid levels, reducing anthropometry and contributing to T2D management.

Abstract

Fermented dairy foods (FDFs) and probiotics are promising tools for the prevention and
management of cardiometabolic diseases (CMDs), respectively. The relationship between the
regular consumption of FDFs and CMD risk factors was assessed by prospective cohort studies
(PCSs), and the effect of probiotic supplementation added into a dairy matrix on CMD parameters
was evaluated by randomized controlled trials (RCTs). Moreover, the effects of probiotic
supplementation added into a dairy matrix were compared with those administered in
capsule/powder form. Twenty PCSs and 52 RCTs met the inclusion criteria for the systematic
review and meta-analysis. In PCSs, fermented milk was associated with a 4% reduction in risk of
stroke, coronary heart disease and cardiovascular mortality [RR (95% CI); 0.96 (0.94, 0.98)]; yogurt
intake was associated with a risk reduction of 27% [RR (95% CI); 0.73 (0.70, 0.76)] for type 2
diabetes (T2D) and 20% [RR (95% CI); 0.80 (0.74, 0.87)] for metabolic syndrome development. In
RCTs, probiotic supplementation added into dairy matrices produced a greater reduction of lipid
biomarkers than when added into capsules/powder in hypercholesterolemic subjects, and probiotic
supplementation by capsules/powder produced a greater reduction of T2D biomarkers than when
added into dairy matrices in diabetic subjects. Both treatments (dairy matrix and capsules/powder)
resulted in a significant reduction in anthropometric parameters in obese subjects. In summary,
fermented milk consumption is associated with reduced cardiovascular risk, while yogurt intake is
associated with a reduced risk of T2D and metabolic syndrome development in the general
population. Furthermore, probiotic supplementation added into dairy matrices could be considered
beneficial for lowering lipid levels and reducing anthropometric parameters. Additionally, probiotic

capsule/powder supplementation could contribute to T2D management and reduce anthropometric
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parameters. However, these results should be interpreted with caution due to the heterogeneity of

the studies and the different probiotic strains used in the studies.

Keywords: probiotics, fermented dairy, cardiometabolic disease, obesity, hypercholesterolemia,

type 2 diabetes.

1. Introduction

Cardiometabolic diseases (CMDs) are a group of chronic diseases that include obesity,
dyslipidemia, type 2 diabetes (T2D), hypertension and metabolic syndrome that promote
cardiovascular (CV) disease(1), the leading cause of death throughout the world(2—4). Most of the
identified risk factors for CMDs can be modified by healthy lifestyle recommendations(2).
Despite attempts at lifestyle interventions, CMDs remain a major problem, and new strategies are

needed to address the reduction or/and prevention of CMD.

A new strategy could include the use of probiotics, live microorganisms that confer a health
benefit to the host when administered in adequate amounts(5). Probiotics can be provided as
supplements or may be present in fermented dairy products, particularly yogurt, cheese and
fermented milk. However, for a food to be considered probiotic, the microorganisms administered
must be present at concentrations higher than 108-10° colony forming units (CFU)/mL"!, show
tolerance to acidic environments and bile and confer a health benefit(6,7). Notably, similarities
and differences can be observed when consuming fermented dairy products and probiotic
supplements. In general, fermented dairy products contain live microorganisms(7,8), such as
Lactobacillus bacteria; although not all of these products can be considered probiotics, and we can
only speculate on this issue. Fermented dairy products are foods with variable composition that
are eaten in the context of a dietary pattern and are one of the most common and traditional ways
to consume probiotics among people in most cultures(9,10). Additionally, fermented dairy

products and their relationship with disease or/and health have been evaluated in various
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observational studies(11,12). In fact, yogurt (consumed daily/weekly) is the primary fermented
dairy product that has been widely investigated in prospective cohort studies (PCSs), and although
the results have shown a favorable association between the fat content of yogurt and CMD(12),

the impact of the presence of probiotics in this fermented dairy product cannot be assessed.

In contrast, probiotic supplements contain controlled quantities of probiotics, and their effects are
usually tested in randomized controlled trials (RCTs). Supplementation with different probiotic
genera, such as Lactobacillus (L), particularly L. plantarum and L. gasseri and Bifidobacterium
(B), has been demonstrated to reduce visceral fat mass and body weight (BW)(13,14), and L. casei
has been shown to improve glucose homeostasis in RCTs. Some RCT studies have systematically
reviewed the existing evidence describing the effects of probiotic supplementation on different
CMDs, such as obesity(15), dyslipidemia and T2D(16,17) in RCTs. However, the effects of

probiotics on each CMD have not been simultaneously evaluated or discussed.

To the best of our knowledge, no previous systematic review and meta-analysis has provided a
wide and integrative vision of the role of probiotics by examining relationships between the
consumption of fermented dairy foods and CMD risk factors by PCSs with the effectiveness of
specific probiotic supplementation added in a dairy product (into a dairy matrix) on obesity, T2D

and hypercholesterolemia reduction with RCTs.

Therefore, the objective of the current systematic review and meta-analysis, which were
performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines, was to evaluate the relationship between regular consumption
(daily/weekly) of fermented dairy products and different risks of CMDs by PCSs and to assess the
effectiveness of probiotic supplementation into a dairy matrix on different CMD parameters by

RCTs. Moreover, our study compared the effects of probiotics supplementation into a dairy
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matrix with those administered in capsule/powder form (not eaten with other foods). Our results

will be able to provide new nutritional perspectives on the management of CMDs.

2. Methods

This systematic review and meta-analysis was designed following the general principles published
in the PRISMA statement(18). The study has been registered with PROSPERO
(CRD42018091791), and the protocol can be accessed at

http://www.crd.york.ac.uk/PROSPERO/display record.php?ID=CRD42018091791.

2.1 Eligibility criteria

PCSs and RCTs were eligible for inclusion in this systematic review. The Population,
Intervention, Comparison, Outcomes and Study design (PICOS) criteria used to define the
inclusion and exclusion criteria for the systematic review and meta-analysis are listed in Table 1.
The changes to the original protocol registered along with the reasons for the changes are assessed

(Supplemental Table 1).

2.2 Information sources and search strategy

A literature search using medical subject headings (MeSH) was performed in cooperation with
health science librarians, and multiple databases were examined, including the PubMed
(www.ncbi.nlm.nih.gov/pubmed), SCOPUS (www.scopus.com) and Cochrane Plus
(www.bibliotecacochrane.com) databases. The analysis of electronic databases was
complemented by a search for trial protocols in ClinicalTrials.gov. Additional studies were
identified through a review of the references of the retrieved articles. The database searches were
conducted from 2010 to August 12, 2019 (the complete search strategy is illustrated in

Supplemental Table 2).

2.3 Study selection
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The literature search was restricted to studies written in the English language and studies that

included only adult subjects. The included articles were published from 2010, to August 12, 2019.

To ensure an accurate assessment of the eligibility of the included articles, the titles and abstracts
of the studies identified using the search strategy and those identified from additional sources
were screened independently by two of the authors (J.C. and L.P-P.). The full texts of the
potentially eligible studies were then retrieved, and their eligibility was independently assessed by
the same two authors. Any disagreement between the authors regarding the eligibility of a study

was resolved through discussion with a third author (L.C-P.).

2.4 Data collection and extraction

The literature search results were uploaded to www.covidence.org, a software program that
facilitates screening. First, the titles of all the studies identified from the database search were
screened. Second, the abstracts of the relevant titles were screened for the selection of potentially

eligible studies. Third, the full-text articles that met the inclusion criteria were screened.

The data extracted from PCSs included the first author, year of publication, country in which the
study was conducted, study design, follow-up duration, number of subjects, age range of the
subjects, exposure assessment, adjusted variables, outcome, dairy exposures analyzed, dairy
product subgroups, comparison (e.g., high vs low or no consumption) and the specific relative risk

estimates [odds ratio (OR), risk ratio (RR) or hazard ratio (HR)].

The data extracted from the RCTs included the first author, year of publication, study design,
study duration, sex and age range of the subjects, number of subjects in the intervention and
placebo groups, intention-to-treat (ITT), details of the intervention (including probiotic strain) and
control groups, and significant and nonsignificant results for BW, body mass index (BMI), waist
circumference (WC), body fat mass (BFM), fat mass % (BF), visceral fat area (VAF),

subcutaneous fat area (SCFA), fasting insulin, homeostatic model assessment (HOMA-IR),
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glycosylated hemoglobin (HbalC), fasting glucose, plasma C-reactive protein (CRP), total
cholesterol, low-density lipoprotein cholesterol (LDL-cholesterol), high-density lipoprotein

cholesterol (HDL-cholesterol) and triglycerides.

2.5 Study quality and risk of bias within individual studies

For assessments of the quality and possible risk of bias of each observational study, we used the
Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies.

Moreover, for each RCT, we collected information for quality assessment using the RevMan 5.3
program, a Cochrane Collaboration tool. Specifically, the following criteria were assessed:
random sequence generation, allocation concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data, selective reporting, and other biases.
Two authors evaluated the risk of bias in each RCT (J.C. and L.P-P.), and any disagreement
between these authors regarding the risk of bias in a study was resolved through discussion with a

third author (L.C-P.).

2.6 Meta-regression and subgroup analyses

We performed a meta-regression (random-effects) to evaluate between-group heterogeneity and
assess the association between the significant estimated effect sizes with potential confounders,
which included the method of probiotic administration, duration of intervention and different risk

of bias evaluated.

2.7 Statistical analyses

The systematic review and meta-analysis were performed using RevMan 5.3, and STATA 12.0
was also used for the meta-analysis. In the analysis of the PCSs, the study-specific dose-response
risk was estimated for each category of fermented dairy [yogurt, cheese, fermented milk and total
fermented dairy (when dairy content was not differentiate into various types)) based on the

consumption level of each category. In the analysis of the RCTs, the changes in the mean values
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from the endpoint to initial (baseline) values, as well as the corresponding standard deviations
(SDs), standard errors (SEs) or 95% confidence intervals, were used to calculate the mean
difference with 95% Cls between the intervention and control groups. Specifically, the difference
between the intervention and control groups were calculated by obtaining the differences between
the endpoint value after an intervention and the baseline value. In the PCSs meta-analysis, the
HRs and ORs of the included articles were considered approximations of RRs. The results of the
meta-analysis performed using random-effects inverse-variance weights were compared with
those obtained using fixed-effects inverse-variance weights through sensitivity analyses, and the
results from the primary multivariable model that included most confounders were used. The
results of the meta-analysis of RCTs are expressed as weighted mean differences (WMDs) that are
defined as the difference between the start and finish values. If the SD or SE values were not
specified in the original article describing a RCT, the corresponding author was contacted by
email and asked to provide the missing information (#=7), and if the corresponding author did not
provide this information, the RCT was not included in the meta-analysis (#=7). In the meta-
analysis, the between-study heterogeneity was assessed using the Cochran’s Q and P statistics,
and P values of 25, 50, and 75% were considered to represent low, moderate, and high
heterogeneity, respectively(19). We excluded the RCT studies that included interventions with

low-calorie diets from the meta-analysis.
3. Results

3.1. Study selection

Of the 7,926 articles identified in the databases (PubMed=2,151, SCOPUS=4,781, and Cochrane
Plus=994) and the 3 articles identified from a review of the references of the retrieved articles,
3,433 were excluded for being duplicated studies, and 5,269 were excluded for not meeting the

eligibility criteria. Ultimately, 72 studies (20 PCSs and 52 RCTs) were included in the systematic
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review, with 18 PCSs in a one meta-analysis and 37 RCTs in the other meta-analysis (see Figure

1.

3.2. Study characteristics

The characteristics of the 72 studies, 20 PCSs and 52 RCTs (24 RCTs of probiotic
supplementation added in dairy products and 28 RCTs probiotic supplementation in powder or

capsules) included in the systematic review are presented in Tables 2, 3,4, 5, 6, 7, 8, and 9.

In the 20 PCSs analyzed, the subjects (men and women) were between 20 and 90 years of age and
presented one of the following outcomes: risk for obesity, T2D, metabolic syndrome, CV
mortality risk, stroke or CHD. The sample size ranged from 1,868 to 409,885 subjects, and the
follow-up duration ranged from 2 to 30 years. The study populations originated from Europe, the
United States and Asia, and the food exposures analyzed in these studies were yogurt, cheese,

fermented milk and total fermented dairy.

In the 52 RCTs analyzed, the subjects (men and women) were between 18 and 75 years old and
presented at least one of the following CMDs: obesity/overweight, T2D, hypercholesterolemia
and metabolic syndrome. The sample size was between 24 and 210 subjects, the intervention
period ranged from 45 days to 24 weeks, and the probiotic doses ranged from 1 x 10% to 27 x 10!°
CFU/day. The probiotic strains studied were: L. acidophilus, L. amylovorus, L. bravis, L.
bulgaricus, L. casei, L. curvatus, L. fermentum, L. gasseri, L. helveticus, L. lactis, L. paracasei, L.
plantarum, L. rhamnosus, L. reuteri, L. salivarius, B. lactis, B. breve, B. bifidum, B. longum, B.
infantis, Pediococcus pentosaceus and Streptococcus thermophilus. The populations investigated
in the studies originated from Europe (n=10), Asia (n=35), Oceania (n=1), and North (n=2) and
South (n=4) America. Additionally, in most of the studies, the product used for the intervention
was the same as the control product but without the probiotic, whereas two studies utilized a

different control product [i.e., vegetal cream capsules(20) or magnesium stearate capsules(21)] for
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the control group and administered probiotic capsules to the intervention group. The dairy

matrices studied were yogurt, fermented milk, kefir, cheese and milk.

3.3. Quality and risk of bias of the included studies

A risk of bias assessment was performed for the individual PCSs during the systematic review
(Supplemental Figure 1). All of the included PCSs (n=20) clearly stated the research question,
measured the exposure of interest prior to the outcome, correctly described the exposure and
outcome measures and statistically adjusted for all potential confounding variables. In 19 PCSs,
the study population was clearly specified, the subjects selected were from a similar population,
the timeframe was sufficient, the exposure assessed was more than once over time, and different
levels of the exposure were examined. The participation rate of eligible subjects was at least 50%
in 17 PCSs. Finally, only 8 PCSs correctly described that the loss of follow-up after baseline was
20% or less. The blinding of the outcome assessor was described in only 4 PCSs, and the sample

size justification was not provided in any study.

In the systematic review of RCTs, the risk of bias within the individual studies was assessed
(Supplemental Figure 2). All 52 included RCTs were randomized, and 6 RCT did not correctly
describe the method used for randomization. The allocation concealment of the included articles
was not properly described in 14 studies, and allocation concealment was not performed in 3
RCT. Blinding of both participants and personnel was performed correctly in 46 RCT, but only 17
RCT correctly blinded the outcome assessment. Complete outcome data were not correctly
described in 11 RCT and were selectively reported in 22 RCT, likely because these were
preregistered in a clinical trial registry. In addition, the authors of some of the included RCT
reported conflicts of interest (n=7).

3.4. Meta-analysis of PCSs
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Table 2 shows a summary of the individual information extracted from each PCSs included in the
systematic review that evaluated the relationship of fermented dairy intake with risk for CMD

(CV mortality, stroke, CHD, T2D, obesity, and MetS) (n=20).

Fermented dairy intake and risk for stroke, CHD and CV mortality

The meta-analysis of 3 PCSs(22—-24) that evaluated the relationship of fermented milk intake with
stroke, CHD and CV mortality risk development in PCSs resulted in a significant 4% reduction in
risk for stroke, CHD and CV mortality development [RR (95% CI); 0.96 (0.94, 0.98)], and the

heterogeneity between PCR was high (P<0.001, °=95.9%; Figure 2-A).

The meta-analysis of 4 PCSs(25-28) evaluating the relationships between of yogurt intake and
stroke, CHD and CV mortality risk development did not show significant results (Supplemental

Figure 3-A).

Fermented dairy intake and T2D risk

The meta-analysis of 7 PCSs(28—-34) evaluating the relationship of yogurt intake with T2D risk
development resulted in a significant 27% reduction in T2D risk development [RR (95% CI); 0.73
(0.70, 0.76)], and the heterogeneity between PCSs was moderate (P=0.070, ’=57.6%; Figure
2B).

The meta-analysis of 3 PCSs(28,31,35) that evaluated the relationship of cheese intake with T2D
risk development resulted in a significant 24% increase in T2D risk development [RR (95% CI);

1.24 (1.03, 1.49)], and the heterogeneity between PCSs was low (P=0.787, ’=0.0%; Figure 2-C).

The meta-analysis of 3 PCSs(28,31,36) evaluating the relationship between total fermented dairy

intake and T2D risk development did not show significant results (Supplemental Figure 3-B).

Fermented dairy intake and metabolic syndrome risk
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The meta-analysis of 3 PCSs(37-39) that evaluated the relationship of yogurt intake with
metabolic syndrome risk development resulted in a significant 20% reduction in metabolic
syndrome risk development [RR (95% CI); 0.80 (0.74, 0.87)], and the heterogeneity between

PCSs was low (P=0.416, I’=0.0%; Figure 2-D).

3.5. Meta-analysis of RCTs with dairy matrix on CMDs

Figures 3 and 4 show the forest plot of RCTs of probiotic supplementation added into a dairy
matrix with significant CMD results. Additionally, Table 3, 4, 5 and 6 show a summary of the
individual information extracted from each RCT included in the systematic review that evaluated
the effectiveness of probiotic supplementation added into a dairy matrix on CMDs in subjects
with at least one CMD (obesity, T2D, hypercholesterolemia and metabolic syndrome) (n=24). The

complete information obtained from each study is shown in Supplemental Table 3.

Effects of probiotic supplementation into a dairy matrix on anthropometric parameters in

overweight/obese subjects

The results of the meta-analysis of the 6 RCTs(40—45) that evaluated the effect of probiotic intake
added into a dairy matrix on BMI changes revealed a significant reduction in BMI [WMD (95%
CI); -0.33 (-0.51, -0.16) kg/m?] (Figure 3-A). The probiotic strain that showed a significant
reduction in BMI was L. gasseri SBT2055(44,45), and the heterogeneity between the RCTs was

moderate (P=0.042, ’=56.7%; Figure 3-A).

The meta-analysis results of the 6 RCTs(41-46) that evaluated the effect of probiotic
supplementation added into a dairy matrix on WC changes showed a significant reduction in WC
[WMD (95% CI); -0.49 (-0.68, -0.29) cm] (Figure 3-B). The probiotic strain that showed
significant reduction in WC was L. gasseri SBT2055(44,45), and the heterogeneity between the

RCTs was high (P<0.001, /°=80.5%; Figure 3-B), and the covariate “number of probiotic” (single
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or multiple probiotic) and “duration of intervention” explained 92.9 and 76.3% of the between-

study heterogeneity, respectively (Supplemental Table 4).

The meta-analysis of the 5 RCTs(40,42—45) evaluating the effect of probiotic supplementation
added into a dairy matrix on BF changes revealed a significant reduction in BF [WMD (95% CI);
-0.41 (-0.60, -0.21) %] (Figure 3-C). The probiotic strain that presented significant reduction in
BF was L. gasseri SBT2055(44,45), and the heterogeneity between the RCTs was moderate
(P=0.015, I’=67.5%; Figure 3-C). The covariate “duration of intervention” explained 86.5% of

the between-study heterogeneity (Supplemental Table 4).

With respect to BW changes, our meta-analysis of 7 RCTs(40-44,46—48) did not show significant
results (Supplemental Figure 4-A). Regarding BFM, the authors did not have sufficient RCTs to

perform meta-analysis.

Effects of probiotic supplementation into a dairy matrix on diabetic parameters in T2D subjects

Our meta-analysis of the 6 RCTs(40,42,46,48—50) that evaluated the effect of probiotic
supplementation added into a dairy matrix on fasting glucose changes displayed a significant
reduction [WMD (95% CI); -0.37 (-0.58, -0.17) mmol/L] (Figure 3-D). The probiotic strains that
revealed significant reduction in fasting glucose were L. helveticus Cardi04(46), a combination of
L. acidophilus La5 and B. lactis BB12(49), and a combination of L. casei, L. acidophilus and B.
lactis(48). In addition, the heterogeneity between the RCTs was observed to be moderate

(P=0.058, ’=53.1%; Figure 3-D).

The meta-analysis of 6 RCTs(40,42,46,48—50) that evaluated fasting insulin, HbalC and plasma

CRP did not show significant results (Supplemental Figures 4-B, 4-C and 4-D).

Effects of probiotic supplementation into a dairy matrix on lipid profiles in hypercholesterolemic

subjects
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The meta-analysis of the 4 RCTs(40,42,51,52) evaluating the effect of probiotic supplementation
added into a dairy matrix on total cholesterol changes showed a significant reduction [WMD
(95% CI); -0.46 (-0.73, -0.19) mmol/L] (Figure 4-A). The probiotic strains that yielded
significant reductions in total cholesterol concentrations were L. casei 01(52) and L. casei Shirota

YIT9029(40), and the heterogeneity between the RCTs was low (P=0.696, I’=0.0%; Figure 4-A).

The meta-analysis of the 4 RCTs(40,42,51,52) that evaluated the effect of probiotic
supplementation added into a dairy matrix on LDL-cholesterol changes, exposed a significant
reduction [WMD (95% CI); -0.50 (-0.77, -0.22) mmol/L] (Figure 4-B). The probiotic strains that
showed significant LDL-cholesterol reduction were L. casei 01(52) and L. casei Shirota

YIT9029(40), and the heterogeneity between RCTs was low (P=0.829, I’=0.0%; Figure 4-B).

Our meta-analysis of the 4 RCTs(40,42,51,52) evaluating the effect of probiotic supplementation
added into a dairy matrix on HDL-cholesterol changes demonstrated a significant increase [WMD
(95% CI); 0.26 (0.01, 0.52) mmol/L] (Figure 4-C). The probiotic strains that revealed significant
increases in HDL-cholesterol were L. casei 01(52) and a combination of L. acidophilus La-5 and
B. lactis BB-12(42), and the heterogeneity between the RCTs was moderate (P=0.007, ’=56.3%;

Figure 4-C).

The meta-analysis of the 3 RCTs(40,42,52) that evaluated the effect of probiotic supplementation
added into a dairy matrix on triglyceride changes showed a significant reduction [WMD (95%
CI); -0.46 (-0.75, -0.14) mmol/L] (Figure 4-D). The probiotic strain that showed significant
reduction in triglyceride concentrations was L. casei 01(52), and the heterogeneity between the

RCTs was low (P=0.505, I°’=0.0%; Figure 4-D).

3.6. Meta-analysis of RCTSs with a capsule/powder matrix on CMD

Figures 5, 6 and 7 show the forest plot of RCTs with capsule/powder matrix with significant

CMD results. Additionally, Table 7, 8, and 9 present a summary of the individual information
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extracted from each RCT included in the systematic review that evaluated the effectiveness of
probiotic supplementation as capsules or powder on CMDs in subjects with at least one CMD
(obesity, T2D, hypercholesterolemia and metabolic syndrome) (n=28). The complete information

obtained from each study is shown in Supplemental Table 5.

Effects of probiotic supplementation with capsules/powder on anthropometric parameters in

overweight/obese subjects

The results of the meta-analysis of the 10 RCTs(20,53—61) that evaluated the effect of probiotic
intake in capsule/powder form on BW changes revealed a significant reduction in BW [WMD (95%
CI); -0.26 (-0.43, -0.09) kg] (Figure 5-A). The probiotic strains that showed significant BW
reduction were L. casei(56), L. gasseri(57) and a combination of L. curvatus and L. plantarum(58).
The heterogeneity between the RCTs was moderate (P=0.002, ’=66.4%; Figure 5-A), and the
covariate “number of probiotic” (single or multiple probiotic) explained 84% of the between-study

heterogeneity (Supplemental Table 6).

The results of the meta-analysis of the 12 RCTs(20,55,64,65,56—63) that evaluated the effect of
probiotic intake in capsule/powder form on BMI changes revealed a significant reduction in BMI
[WMD (95% CI); -0.35 (-0.48, -0.22) kg/m?] (Figure 5-B). The probiotic strains that showed
significant BMI reduction were L. casei(56), L. gasseri(57), Pediococcus pentosaceus LP28(65)
and a combination of L. curvatus and L. plantarum(58). In addition, the heterogeneity between

theRCTs was moderate (P=0.076, 1>=36.7%; Figure 5-B).

The meta-analysis results of the 9 RCTs(54-59,62,63,65) evaluating the effect of probiotic intake
in capsule/powder form on WC changes showed a significant reduction in WC [WMD (95% CI);

-0.37 (0.52, -0.21) cm] (Figure 5-C). The probiotic strains that revealed significant WC reduction
were L. casei(56), Ecologic Barrier®(63), Danisco®(59), Pediococcus pentosaceus LP28(65) and

L. gasseri(57). The heterogeneity between the RCTs was moderate (P=0.015, ’=53.0%; Figure
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5-C), and the covariate “number of probiotic” (single or multiple probiotic) explained 83.1% of

the between-study heterogeneity (Supplemental Table 6).

The meta-analysis of the 5 RCTs(20,59,61-63,65) that evaluated the effect of probiotic intake in
capsule/powder form on BFM changes revealed a significant reduction in BFM [WMD (95% CI);
-0.30 (-0.48, -0.12) kg] (Figure 5-D). The probiotic strains that showed significant reduction in
BFM were Pediococcus pentosaceus LP28(65) and B. breve(61), and the heterogeneity between

the RCTs was moderate (P=0.016, I°’=59.3%; Figure 5-D).

The meta-analysis of the 3 RCTs(58,62,63) evaluating the effect of probiotic intake in
capsule/powder form on VAF changes revealed a significant reduction in VAF [WMD (95% CI);
-0.42 (-0.63, -0.21) kg] (Figure 6-A). The probiotic strains that showed significant reduction in
VAF were a combination of L. curvatus and L. plantarum(58), and the heterogeneity between the

RCTs was high (P<0.001, ’=85.6%; Figure 6-A).

Our meta-analysis of the 3 RCTs(58,62,63) that evaluated the effect of probiotic intake in
capsule/powder form on SCFA changes revealed a significant reduction in SCFA [WMD (95%
CI); -0.36 (-0.57, -0.14) kg] (Figure 6-B). The probiotic strain that showed significant reduction
in SCFA was a combination of L. curvatus and L. plantarum(58), and the heterogeneity between
the RCTs was high (P<0.001, I’=95.3%; Figure 6-B). The covariate “number of probiotic”
(single or multiple probiotic) explained 90.4% of the between-study heterogeneity (Supplemental

Table 6).

With respect to BF changes, our meta-analysis of 5 RCTs(58,61-63,65) did not show significant

results (Supplemental Figure 5).

Effects of probiotic supplementation with capsule/powder on diabetic parameters in T2D subjects

The results of the meta-analysis of the 9 RCTs(21,53,55,56,60,66—69) evaluating the effect of

probiotic intake in capsule/powder form displayed a significant fasting glucose reduction [WMD
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(95% CI); -0.28 (-0.45, -0.12) mmol/L] (Figure 6-C). The probiotic strains that showed fasting
glucose reduction were L. casei(56), a combination of L. acidophilus, L. casei, L. rhamnosus, L.
bulgaricus, L. breve, L. longum and S. thermophilus(66) or a combination of B. bifidum, L. casei
and L. acidophilus(67). In addition, the heterogeneity between the RCTs was observed to be

moderate (P=0.093, ’=36.9%; Figure 6-C).

The meta-analysis of the 8 RCTs(21,53,56,60,66—69) that evaluated the effect of probiotic intake
in capsule/powder form on HOMA-IR changes displayed a significant reduction [WMD (95%
CI); -0.29 (-0.47, -0.12)] (Figure 6-D). The probiotic strains that revealed significant HOMA-IR
reduction were Ecologic Barrier®(53), a combination of L. acidophilus, B. lactis, B. bifidum and
B. longum(68), a combination of B. bifidum, L. casei and L. acidophilus(67) and a combination of
L. acidophilus, L. casei, L. lactis, B. bifidum, B. longum and B. infantis(60). In addition, and the

he heterogeneity between the RCTs was found to be moderate (P=0.041, I’=50.3%; Figure 6-D).

The meta-analysis of the 5 RCTs(55,56,60,68,69) evaluating the effect of probiotic intake in
capsule/powder form on HbA 1c changes displayed a significant reduction [WMD (95% CI); -0.27
(-0.48, -0.05) %] (Figure 7-A). The probiotic strains that showed significant reduction in HbAlc
were L. reuteri ADR-1(69), L. reuteri ADR-3(69) and a combination of L. acidophilus, L. casei,
L. lactis, B. bifidum, B. longum and B. infantis(60). In addition, the heterogeneity between the

RCTs was found to be moderate (P=0.186, ’=33.3%; Figure 7-A).

Our meta-analysis of the 9 RCTs(21,53,55,56,60,66—69) that evaluated the effect of probiotic
intake in capsule/powder form on fasting insulin changes displayed a significant reduction [WMD
(95% CI); -0.17 (-0.34, -0.00) mmol/L] (Figure 7-B). The probiotic strains that yielded significant
reduction in fasting insulin were L. casei(56), a combination of B. bifidum, L. casei and L.
acidophilus(67) and a combination of L. acidophilus, L. casei, L. lactis, B. bifidum, B. longum and

B. infantis(60). The heterogeneity between the RCTs was observed to be moderate (P=0.005,
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P=61.7%; Figure 7-B), and the covariates “number of probiotic” (single or multiple probiotic)
and “duration of intervention” explained 80.3 and 79.3% of the between-study heterogeneity,

respectively (Supplemental Table 6).

The meta-analysis of plasma CRP in 4 RCTs(21,60,67,69) did not show significant results

(Supplemental Figure 6-A).

Effects of probiotic supplementation with capsule/powder on lipid profile in hypercholesterolemic

subjects

The meta-analysis of the 5 RCTs(70—-74) evaluating the effect of probiotic intake in
capsule/powder form on total cholesterol changes, showed a significant reduction [WMD (95%
CI); -0.37 (-0.53, -0.20) mmol/L] (Figure 7-C). The probiotic strains that yielded significant
results were L. plantarum(71), L. reuteri(74) and a combination of L. acidophilus and L.
bifidum(73). The heterogeneity between the RCTs was high (P<0.001, °=88.1%; Figure 7-C),
and the covariate “number of probiotic” (single or multiple probiotic) explained 97.5% of the

between-study heterogeneity (Supplemental Table 6).

The meta-analysis of the 5 RCTs(70-74) that evaluated the effect of probiotic intake in
capsule/powder form on LDL-cholesterol changes exposed a significant reduction [WMD (95%
CI); -0.33 (-0.49, -0.16) mmol/L] (Figure 7-D). The probiotic strains that showed significant
results were L. plantarum(71), L. reuteri(74) and a combination of L. acidophilus and L.
bifidum(73). The heterogeneity between the studies was high (P<0.001, I’=82.8%; Figure 7-D),
and the covariate “number of probiotic” (single or multiple probiotic) explained 96% of the

between-study heterogeneity (Supplemental Table 6).

The meta-analysis of HDL-cholesterol in 5 RCTs(70-74) did not show significant results

(Supplemental Figure 6-B).
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Supplemental Table 7 shows the levels of evidence provided by the RCTs, supporting the results

obtained in the systematic review and meta-analysis on the consumption of probiotics and CMD.

4. Discussion

The results of our meta-analysis of PCSs showed that the consumption of fermented milk was
associated with a reduced risk for stroke, CHD and CV mortality events and that yogurt
consumption was associated with a reduced risk for development of T2D and metabolic syndrome.
Furthermore, the results of our meta-analysis of RCTs studying the effects of probiotic
supplementation added into a dairy matrix and into capsules/powder form showed a reduction in
various anthropometric parameters in obese and overweight subjects. Additionally, an improvement
of the lipid profile in hypercholesterolemic subjects with probiotic supplementation added into a
dairy matrix and, a reduction in fasting glucose in T2D subjects with probiotic supplementation
added into a dairy matrix, and supplementation with capsules/powder form showed significant

results for more diabetes biomarkers.

The reduced risk for stroke, CHD and CV mortality associated to fermented milk in the meta-
analysis of PCSs are in concordance with a systematic review of observational studies that also
showed a favorable association between fermented milk consumption and stroke risk (12).
Moreover, the finding of our meta-analysis that yogurt consumption associated with a reduced risk
for T2D risk development in the general population is in agreement with previous results described
in various narrative reviews that explained the possible mechanisms involved(75-77). In addition,
our meta-analysis of PCSs showed that yogurt intake is associated with a reduced risk of metabolic
syndrome development in the general population. In agreement with these results, another
systematic review of PCSs, published in 2016, suggested a reduction in the risk for metabolic
syndrome development with yogurt consumption(78). Nevertheless, the meta-analyses of 3 PCSs

showed that cheese consumption resulted in an increase of 24% in T2D risk development. Similarly,
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in another meta-analysis of 2 PCSs, cheese intake was associated with a 5% higher T2D risk (79).
However, these meta-analysis results should be interpreted with caution due to the heterogeneity of

the PCSs.

Our meta-analysis of RCTs verified the effectiveness of probiotic supplementation added into a
dairy matrix in that only fasting glucose levels were significantly reduced by the consumption of
probiotic concentrations of 3.7 x 10° and 1 x 10'! CFU for at least 4 weeks in T2D subjects. In
addition, the probiotic strains L. helveticus Cardi04(46), a combination of L. acidophilus La5 and
B. lactis BB12(49), and a combination of L. casei, L. acidophilus and B. lactis(48) appear to be the
most effective probiotic strains. In comparison, probiotic supplementation with capsules/powder
produced a reduction in all diabetic biomarkers analyzed in T2D subjects when consuming L.
casei(56), Ecologic® Barrier(53), a combination of B. bifidum, L. casei and acidophilus(67), a
combination of B. bifidum, B. longum, B. infantis, L. casei, L. acidophilus, and L. lactis(60) at a
concentration of 1 x 10 to 6 x 10'° CFU for minimum treatment duration of 8 weeks. In the meta-
analysis, capsules and powder form of probiotic supplementation appear to be more effective than
probiotic supplementation added into a dairy matrix to reduce more diabetic biomarkers in subjects
with T2D. In accordance with our RCT meta-analysis results, a previous meta-analysis(80) also
observed a significant decrease in fasting glucose in T2D subjects who consumed probiotics in
different forms, such as yogurt, capsules or bread for at least 8§ weeks. In addition, another meta-
analysis showed a reduction in serum CRP levels by consuming probiotics, whereas our analysis
did not show significant results(81). Notably, all RCT probiotic interventions were performed with
a mix of probiotics, except one; for this reason, the authors cannot assess whether a single probiotic

is more effective than a mix of probiotics on reducing T2D biomarkers.

The reduction in anthropometric biomarkers in obese subjects by probiotic supplementation added
into a dairy matrix appear to be the most effective with L. acidophilus with B. lactis BB12(49) and

L. gasseri SBT2055(44,45) at a concentration of 1 x 107 to 1 x 10!' CFU and when consumed for
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at least 12 weeks. In comparison, probiotic supplementation with capsules/powder also produces a
reduction in anthropometric parameters in obese subjects with the consumption of L. casei(56), P.
pentosaceus LP28(65), L. gasseri BNR17(57) and a combination of L. curvatus and L. plantarum
at a probiotic concentration of 1 x 108 to 1 x 10!! CFU for at least 8 weeks. In agreement with these
results, a previous meta-analyses of 15 RCTs showed in a significantly larger reduction in body
weight, BMI and fat percentage(14). Moreover, it has become evident that a RCT intervention with
a single probiotic strain is more effective than a combination of probiotics, whereas no specific
matrix (dairy or capsules/powder) was more effective than the other for a reduction in
anthropometric parameters in overweight/obese subjects. Importantly, although a small but
significant reduction in all anthropometric parameters was observed, the clinical relevance of
probiotic supplements, when added into a dairy matrix or taken in capsules/powder form, can add

to the effectiveness of other measures and/or treatments for obesity but remains to be determined.

Importantly, the combination of probiotic intake with a low-calorie diet was a more effective
treatment for reducing anthropometric parameters than probiotics or diet alone(82—84). Thus, the
synergistic effect of probiotic intake with a low-calorie diet could represent a new strategy for
treating obesity and can improve the results obtained with the currently recommended lifestyle
treatments. The effects of probiotic supplementation added into a dairy matrix showed reductions
in all lipid biomarkers evaluated in hypercholesterolemic subjects. L. casei Shirota YIT9029(40),
L. casei(52) and a combination of L. acidophilus and B. lactis BB12(42) appeared to be the most
effective probiotic strains when used at an amount of 3.7 x 10° to 1 x 10'! CFU during a least 28
days of intervention. The effectiveness of probiotic supplementation with capsules/powder
produced a low reduction, while only total cholesterol and LDL-cholesterol showed a significant
reduction with the consumption of probiotic strains L. plantarum(71), L. reuteri(74) and a
combination of L. acidophilus and L. bifidum(73) at a concentration of 2.9 x 10°to 1 x 10! CFU

during at least 6 weeks of intervention. In accordance with our results, other meta-analysis
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performed (85) showed a significant reduction in total cholesterol and LDL-cholesterol in

individuals with hypercholesterolemia after L. acidophilus supplementation for at least 8 weeks.

Notably, the significant reduction in serum total cholesterol (reduction of 1.4 to 11.87%) and
LDL-cholesterol (reduction of 2.20 to 22.5%) levels induced by probiotic supplementation added
into a dairy matrix observed in this study are similar to an observed 8-12% decrease in LDL-
cholesterol caused by 2 g of plant sterols and stanols or the 5 to 10% decrease caused by garlic

intake at a dose of 6 g/day (depending on the percentage of allicin)(86,87).

Furthermore, the administration of probiotic strains provided in dairy matrices in combination
with the recommended treatments to reduce hypercholesterolemia, such as a low-saturated fat
diet, result in better cholesterol reduction than without probiotics consumption (88). Moreover, it
has become evident that probiotic supplementation into a dairy matrix appears to be more
effective than supplementation with capsules or powder for the reduction in lipid biomarkers in
hypercholesterolemic subjects, and both specific treatments (a single probiotic or a combination)

appear to have similar effectiveness.

In T2D subjects, the proposed mechanism through which probiotics can influence glucose
metabolism, can occur through modulation of the gut microbiome, which increases the levels of
glucagon-like peptide-1 (GLP-1)(89), and though stimulation of the production of short-chain
fatty acids, which promotes the secretion of GLP-1 in obese subjects(90). GLP-1 impairment may
contribute to an increase in appetite and faster gastric emptying, which often accompany
obesity(91). In obesity, the decrease in VAF obtained through the use of probiotics could involve
the production of specific molecules that interfere with certain metabolites, such as conjugated
linoleic acid (CLA) (92). With respect to lipid profile modulation, probiotic intake could increase
short-chain fatty acid production in the gut (93,94), which would induce a decrease in the

synthesis of hepatic cholesterol and promote a redistribution of cholesterol from the blood to the
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liver(95). Moreover, probiotics are considered generally safe, but as Cicero et al.(86) and
Sahebkar et al.(93) described, with interventional study data, we do not have enough data to
describe the safety of each probiotic.

Our systematic review and meta-analysis have several strengths and limitations. The most
important strength of this systematic review and meta-analysis is that they constitute the first
simultaneous evaluation of PCSs investigating the relationship between fermented dairy intake
and risk for CMD and RCTs investigating the effects of probiotic supplementation added into a
dairy matrix on the reduction in CMD parameters and compare their effects with probiotic
supplementation with capsules/powder. As limitations, we have the inclusion of studies with
different intervention durations, monitoring approaches, supplementation methods and product
doses administered and the high heterogeneity of the populations. Another limitation is that after
removing the PCSs in which the authors did not specify that cheeses were fermented foods, other
potential risks of bias exist because we cannot confirm that all fermented dairy foods consumed in
the included PCSs contain probiotics. Thus, the association between fermented dairy intake and
benefits on CMD can only be speculated. Moreover, hypertension, another major CMD, was not
investigated because of the small number of related studies that were identified. Finally, the
authors have not reported information in the results section regarding “regular fermented dairy
intake and risk for stroke, CHD and CV mortality” and “regular fermented dairy intake and risk

for obesity” because there are not sufficient articles (at least 3 PCSs) to perform meta-analyses.

In summary, in PCSs, fermented milk consumption is associated with reduced cardiovascular risk,
while yogurt intake is associated with a reduced risk for T2D and metabolic syndrome development,
thus reducing the risk of a pandemic increase in CV disease, T2D and metabolic syndrome in
general population. Moreover, in RCTs, probiotic supplementation added into a dairy matrix could
be indicated for the reduction of lipids and anthropometric parameters. Additionally, probiotic

capsule/powder supplementation could contribute to T2D management and reduce anthropometric
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parameters. Thus, for subjects with CMD, the addition of probiotics to recommended traditional
therapies can lead to new perspectives regarding the management of CMDs, whereas the appropriate
probiotic strain type, dose and treatment duration period remain to be determined. However, the
results should be interpreted with caution due to the high heterogeneity studies and the different

probiotic strains used in the studies.

Perspectives

After this systematic review and meta-analyses there are a few questions that can be considered
for future investigations. First, it is not clear why yogurt consumption had a different association
with CMD risk than cheese consumption. Are yogurt probiotic strains better than cheese? Is the
observed difference being due to the fat composition? Or there is another reason? Secondly,
because results lead us to specific strains for which few studies are available, it may be interesting
in the future to compare the effects with specific strains by RCT to supply information and
increase the number of studies that have evaluated the same probiotic strain. Ultimately, in the
present work, the authors have evaluated if the type of probiotic supplementation (into a dairy
matrix or powder/capsules) have more effects than the other without considering the dose, and

more studies are needed to confirm the dose efficacy of each supplementation.
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Figure Legends

Figure 1. PRISMA flowchart of the systematic review and meta-analysis.

Figure 2. Forest plot of meta-analysis of observational studies that assess the relationship
between fermented dairy intake and cardiometabolic diseases. A: Fermented milk intake and
risk for stroke, CHD and cardiovascular mortality (P<0.001); B: yogurt intake and risk for type 2
diabetes development (P<0.001); C: cheese intake and risk for type 2 diabetes development
(P=0.023); D: yogurt intake and risk for metabolic syndrome development (P<0.001). CHD,

coronary heart disease; CV, cardiovascular; RR, relative risk, CI, confidence interval.

Figure 3. Forest plot of meta-analysis of randomized controlled trials that assess the effect of
probiotic supplementation into a dairy matrix and anthropometric parameters on
overweight and obese subjects and on diabetic biomarkers in subjects with type 2 diabetes.
A: Body mass index changes (P<0.001); B: waist circumference changes (P<0.001); C: body fat
changes (P<0.001); D: fasting glucose changes (P<0.001). BMI, body mass index; WC, waist

circumference; BF, body fat; RR, relative risk; CI, confidence interval.

Figure 4. Forest plot of meta-analysis of randomized controlled trials that assess the effect of
probiotic supplementation into a dairy matrix and on lipid biomarkers in
hypercholesterolemic subjects. A: Total cholesterol changes (£<0.001); B: LDL-cholesterol

changes (P<0.001). C: HDL-cholesterol changes (P=0.040); D: triglyceride changes (P=0.004).
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LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG, triglycerides; RR, relative risk;

CI, confidence interval.

Figure 5. Forest plot of meta-analysis of randomized controlled trials that assess the effect of
probiotic supplementation with capsules/powder on anthropometric parameters in

overweight and obese subjects. A: Body weight changes (P=0.002); B: body mass index changes
(P<0.001); C: waist circumference changes (P<0.001); D: body fat mass changes (P=0.001); BW,
body weight; BMI, body mass index; WC, waist circumference; BFM, body fat mass; RR, relative

risk; CI, confidence interval.

Figure 6. Forest plot of meta-analysis of randomized controlled trials that assess the effect of
probiotic supplementation with capsules/powder on anthropometric parameters in
overweight and obese subjects or in type 2 diabetes biomarkers. A: visceral fat area changes
(P<0.001); B: subcutaneous fat area changes (P=0.001); C: Fasting glucose changes (P=0.001); D:
HOMA-IR changes (P=0.001). CI, confidence interval; HOMA-IR, homeostatic model assessment

index; SCFA: subcutancous fat arca; VAF, visceral fat areca; RR, relative risk.

Figure 7. Forest plot of meta-analysis of randomized controlled trials that assess the effect of
probiotic supplementation with capsules/powder on diabetic biomarkers in subjects with
type 2 diabetes and lipid biomarkers in hypercholesterolemic subjects. A: HbAlc changes
(P=0.015); B: fasting insulin changes (P=0.044); C: total cholesterol changes (P<0.001); D: LDL-
cholesterol changes (P<0.001). CI, confidence interval; HbAlc: glycated hemoglobin; LDL, low-

density lipoprotein; RR, relative risk.
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Table 1. PICOS criteria for inclusion and exclusion of studies

Criteria

Inclusion and exclusion criteria of
observational studies

Inclusion and exclusion criteria of clinical trials

Population

Intervention
or exposure

Comparison

Outcomes

Study
design

Meta-
analysis

Adult subjects (>18 years old) of
all sexes and races with
cardiovascular risk factors
(obesity, diabetes mellitus type 2,
hypercholesterolemia or metabolic
syndrome) or cardiovascular
disease were eligible for inclusion
Studies that evaluated the effect of
fermented dairy consumption were
eligible for inclusion. Studies that
evaluated the effect of whole
dietary pattern were excluded.
Studies that compared individuals
in highest category of fermented
dairy consumption compared with
individuals in lowest category of
fermented dairy consumption were
eligible for inclusion.

Studies  that
incidence  of

the
stroke,

measured
CHD,
cardiovascular mortality, obesity,
T2D or metabolic syndrome
development are eligible for
inclusion.

Prospective cohort studies were
considered for inclusion.
and meta-
analyses were excluded.

At least three studies for each

parameter

Systematic reviews

Adult subjects of all sexes and races with who were overweight or
obese, or were diagnosed with T2D, hypercholesterolemia or
metabolic syndrome were eligible for inclusion. Subjects with GD,
bariatric surgery, rheumatoid arthritis, or polycystic ovarian
syndrome, pregnant women or infants were excluded.

Studies with probiotic supplementation (all probiotic genera,
administered through in powder or capsules forms or added to a dairy
matrix) were eligible for inclusion. Studies that do not specify
probiotic species were excluded.

Studies with placebo product were eligible for inclusion.

Studies that measured: BW, BMI, WC, body fat, body fat mass, VFA
and/or SCFA in obese subjects; fasting insulin, HOMA-IR, Hbalc,
fasting glucose and/or plasma CRP in T2D subjects; total cholesterol,
LDL-c, HDL-c and/or triglycerides in hypercholesterolemic subjects;
WC, total cholesterol, LDL-c, HDL-c, triglycerides and/or fasting
glucose in metabolic syndrome subjects were eligible for inclusion
Randomized clinical trials were considered for inclusion. Non-
randomized clinical trials, systematic reviews and meta-analysis were
excluded.

At least three studies for each parameter, and the same type or study
(RCTs).

Abbreviations: BMI, body mass index; BW, body weight; CHD, coronary heart disease; CRP, c-reactive protein;

CVD, cardiovascular disease; GD, gastrointestinal disorders; HbalC, glycosylated hemoglobin; HDL-c, high-density
lipoprotein cholesterol; HOMA-IR, homeostatic model assessment index; LDL-c, low-density lipoprotein cholesterol;
SCFA, subcutaneous fat area; T2D, type 2 diabetes; VFA, visceral fat area; WC, waist circumference.
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Table 2. Summary of the individual information extracted from each included prospective cohort study evaluating the relationship of fermented dairy intake with risk for CMD (CV mortality, stroke, CHD, T2D, obesity, and MetS) (N=20).

Age Dairy .
Author, year Study, country Design Follow up N total N (years Measurement Adjusted variables Outcome  exposures Dairy prc'dUCtSComparist:m OR, RR or HR (95% CI)
(years) Cases subgroups
range) analyzed
1. CV mortality, stroke and CHD (n=8)
Age, smoking status and number of cigarettes per day, history of diabetes, previous
Key et al EPIC Cohort. 10 hypertension, prior hyperlipidemia, Cambridge physical activity index, employment status,
) X ’ PC 12,6 409,885 7,198 41-70 24-hour recalls  level of education completed, BMI, current alcohol consumption, observed intakes of CV mortality Yogurt Total Yogurt Q5 (150g/d) vs Q1 (0g/d) [HR: 0.90 (0.84-0.97)]
(2019)(94) countries* R X iy o
energy, fruit and vegetables combined, sugars and fiber from cereals, and stratified by sex
and EPIC center.
oty ot o s, srenin o, o s vy, WIS B Tomi vt 0234012 12
(2019)(23) Sweden PC 14,2 120,06111,64140-60 FFQ \sl\mzr;r;;if:rrf\:ll}/ith;s:glyez;;gi)ln:zza:j;)r:e'l'ngSM, screening project, quintiles of red meat, stroke ™M Total FM M Q4 VS no consumption [HR:0.91 (0.79, 1.05)]
’ : M Total FM W Q4 VS no consumption [HR:0.87 (0.75, 1.03)]
Age, sex, education, urban or rural location, smoking status, physical activity, history of
I(:)Ze(;g;;?;;t al. cP::nEt:iteus(iY“, from 21 PC 9,1 136,3847,828 35-70 Validated FFQ  diabetes, family history of CV, family history of cancer, and quintiles of fruit, vegetable, red CV disease Yogurt Total Yogurt >244g/d vs 0 g/d [HR: 0.82 (0.72-0.93)]
meat, starchy foods intake, and energy.
Farvid et al Validated FFQ- Age, gender, BMI, physical activity, ethnicity, education, marital status, residency, smoking, ov
: Golestan study, Iran PC 8 42,402 1,467 36-85 . opium use, alcohol, SBP, family history of cancer, wealth score, medication use, energy . Yogurt Total yogurt Q5 (207g/d) vs Q1 (23g/d) [HR: 0.84 (0.70-1.00)]
(2016)(26) 116 items intake. mortality
FM Whole-fat FM M Q2 (53g/d) vs Q1 (0g/d) [RR: 0.93 (0.88-0.98)]
Goldbohm et al. Netherlands Cohort 10 120,852 16, 13655-69 Validated FFQ-  Age, education, smoking, physical activity, BMI, multivitamin use, alcohol, energy, energy- CV FM Whole-fat FM W Q2 (53g/d) vs Q1 (0g/d) [RR: 0.93 (0.87-1.00)]
(2011)(24) study, The Netherlands ’ ’ 150 items adjusted mono- and polyunsaturated fat intakes, and vegetable and fruit consumption. mortality FM Low-fat FM M Q3 (146g/d) vs Q1 (0g/d) [RR: 0.97 (0.93-1.03)]
FM Low-fat FM W Q3 (192g/d) vs Q1 (Og/d) [RR: 1.02 (0.95-1.09)]
Buttermilk,
Age, gender, total energy intake, BMI, smoking, education level, alcohol, vegetables, fruit, FD yogurt, curd, >100g/d vs <50g/d [HR: 1.08 (0.87-1.34)]
meat, bread, fish coffee, and tea intake. Stroke cheese
Yogurt Total Yogurt >100g/d vs <50g/d [HR: 1.10 (0.90-1.34)]
Praagman et al. Rotterdam Study, . Cheese Total Cheese >40 g/d vs <20g/d HR: 0.96 (0.75-1.22
(201i)(27) Notharom Sy PC 133 4,235 564 >55  SFFQ-170 items Buttarmilk ¢/ e/ [ ( )
Age, gender, total energy intake, BMI, smoking, education level, alcohol, vegetables, fruit, CHD FD Zgg:?e' curd, >100g/d vs <30g/d [HR: 1.01(0.82-1.24)]
meat, bread, fish coffee, and tea intake. Yogurt Total Yogurt  >100g/d vs <50g/d [HR: 1.11 (0.91-1.35)]
Cheese Total Cheese >40 g/d vs <20g/d [HR: 1.01 (0.79-1.30)]
Soedamah- Age, ethnicity, employment grade, smoking, alcohol intake, BMI, physical activity and family (Y:Ei:;te IZ::: Zss::e I: gi;/gé;jz,:?ggl/g;g/d) {:2 ;;; Egzijg;ﬂ
Muthu et al. Whitehall Il study, UK PC 10 4,526 323 35-55 Validated FFQ  history of CHD/hypertension, fruit and vegetables, bread, meat, fish, coffee, tea and total CHD Total yogurt o : :
(2013)(28) energy intake FD and cheese T3 (105g/d) vs (17g/d) [HR: 0.97 (0.73-1.28)]
Sonestedt et al. Age, gender, season, method, energy intake, BMI, smoking, alcohol consumption, physical
(2011)(22) MDC study, Sweden PC 12 26,445 2,520 44-74 FFQ-168 item activity, education, intakes of vegetables, fruit, berries, fish shellfish, meat, coffee, whole  cvdisease FM Total FM Q4 (55g/d) vs Q1 (0g/d) [HR: 0.87 (0.77-0.97)]
grains
2. T2D risk (n=9)
age, sex, BMI, residential area, education level, household income, physical activity, alcohol
Jeon et al. Korean Genome and consumption, and smoking status, history of hypertension, family history of T2DM, use of
Epidemiology Study, PC 7,3 10,030 1,173 40-69 SFFQ ; . L S . - T2DM Yogurt Total Yogurt  625g/week vs 0 g/week  [HR: 0.73 (0.61-0.88)]
(2019)(29) Korea antihypertensive medication, use of dietary supplements, intakes of vegetables, fruits, red
meat, processed meat, soft drinks, coffee, and tea
Hruby et al. Age, gender, energy intake, history of diabetes, smoking, dyslipidemia, hypertension or
(2017)(30) FHS Offspring, EEUU PC 12 2,809 902 45-63 FFQ-126 item  treatment, intake of coffee, nuts, fruits, vegetables, meats, alcohol, and fish, glycemic index, T2D Yogurt Total yogurt  277g/d vs 0g/d [HR: 1.24 (0.67-2.29)]

low-fat, high-fat dairy intake, BMI, weight change follow-up.

Abbreviations: BMI, body mass index; CHD, coronary heart disease; Cl, confidence interval; CV, cardiovascular; EEUU, United States; EPIC, European Prospective Investigation into Cancer and Nutrition; FD, fermented dairy; FFQ, food frequency questionari; FHS, Framingham Heart Study; FM,
fermented milk; g/d, grams per day; g/week, grams per week; HR, hazard ratio; M, men; MDC, Malmé Diet Cancer; MetS, metabolic syndrome; MONICA, Monitoring Trends and Determinants in Cardiovascular Disease; OR, odds ratio; PC, prospective cohort; Pure study, Prospective Urban

Rural Epidemiology; Q, quartil; RR, risk ratio; SBP, systolic blood pressure; SFFQ, semiquantitative food frequency questionnaire; T, tercil; T2D, type 2 diabetes; VIP, Vasterbotten Intervention Programme; vs, versus; W, women.
*Denmark, France, Germany, Greece, Italy, The Netherlands, Norway, Spain, Sweden, United Kingdom **Argentina, Bangladesh, Brazil, Canada, Chile, China, Colombia, India, Iran, Malaysia, occupied Palestinian territory, Pakistan, Philippines, Poland, South Africa, Saudi Arabia, Sweden,
Tanzania, Turkey, United Arab Emirates, and Zimbabwe.
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Table 2. Continued.

Age . . Dairy .
Author, year Study, country Design Follow up N total Cases (years Measurement Adjusted variables Outcome  exposures Dairy prc'dUCtSComparist:m OR, RR or HR (95% CI)
(year) subgroups
mean) analyzed
Low-fat yogurt T3 (120g/d) vs T1 (3g/d)  [HR: 0.61 (0.43-0.85)]
Yogurt xgzli'fat T3 (45g/d) vs T1 (0g/d)  [HR: 0.64 (0.46-0.89)]
Diaz-Lopez et al. . Validated FFQ-  Age, gender, BMI, intervention group, physical activity, educational level, smoking,
(31) PREDIMED study, Spain PC 2.55.7 3,454 270 5580 137 items hypertension, antihypertensive use, fasting glucose, HDL, and TG concentrations. 2D Total yogurt T3 (128g/d) vs T1 (13g/d)  [HR: 0.53 (0.37-0.75)]
Cheese Total cheese T3 (40g/d) vs T1 (11g/d)  [HR:1.31(0.94-1.83)]
FD Total VoBUTaNd 13 (167g/d) vs T1 (39g/d)  [HR: 0.63 (0.45-0.87)]
Low fat yogurt,
Validated FFQ- sour milkand ~ 480g/d vs Og/d [HR: 1.06 (0.95, 1.18)]
. Malmo Diet and Cancer K Age, sex, method version, season, total energy intake, physical activity, smoking, alcohol cheese
Ericson et al. (36)cohort study, Sweden PC 14 26,930 2860 45-74 168-item intake, and education, BMI. T2D FD Righ fat yogurt,
sour milkand ~ 792g/d vs 66g/d [HR: 0.89 (0.79, 1.01)]
cheese
HPFS, EEUU PC 24 51,529 3,364 40-75 131-item FFQ  Age, BMI and other lifestyle and dietary risk factors, total dairy consumption. T2D Yogurt Total yogurt (Cézllg\?;zege/lz/)veek) vsQl [RR: 0.95 (0.84-1.08)]
. . . . . . Q4 (708g/week) vs Q1
Chenetal. (32) NHSI, EEUU PC 30 121,7007,841 30-55 61-131 item FFQ Age, BMI and other lifestyle and dietary risk factors, total dairy consumption. T2D Yogurt Total yogurt (0g/week) [RR: 0.84 (0.76-0.91)]
NHS Il, EEUU PC 16 116,6713,951 25-42 131-item FFQ  Age, BMI) and other lifestyle and dietary risk factors, total dairy consumption. T2D Yogurt Total yogurt (Céz/(\izﬁ:i/)week) vsQl [RR: 0.90 (0.81-1.00)]
Soedamah- Age, ethnicity, employment grade, smoking, alcohol intake, BMI, physical activity and family (Y:Ei:;te IZ::: Zss::e I: g?%%:igl/gg/d) {:2 igg Eggjgiﬂ
Muthu et al. (28) Whitehall Il study, UK PC 10 4,526 273 35-55 Validated FFQ  history of CHD/hypertension, fruit and vegetables, bread, meat, fish, coffee, tea and total  T2D Total yogurt g 8 T : :
energy intake. FD and cheese T3 (105g/d) vs (17g/d) [HR: 1.17 (0.87-1.58)]
Validated FFQ- Age, gender, intervention group, diabetes family history, education level, physical activity FM Total FM 150g/d vs Og/d [OR: 0.88 (0.69-1.11)]
Struijk et al. (35) Inter99 study, Denmark PC 5 5,953 214 30-60 198 item -smokmg, alcoht.)l m.take, wholegr.am cereal, meat, fish, coffe-e, tga, fruit, vegetables, energy T2D Cheese Total cheese  20g/d vs 0g/d [OR: 0.97 (0.82-1.15)]
intake, change in diet from baseline to 5-year follow-up, waist circumference.
Grantham et al. : . Validated FFQ-  Age, sex, energy intake, family history of diabetes, education level, physical activity, T3 (>380g/d) vs T1 .
(33) AusDiab, Australia PC 5 5582 203 >25 121 item smoking status, TAG, HDL-cholesterol, SBP, waist circumference and hip circumference. 2D Yogurt Total Yogurt (<240g/d) [(HR: 1.14 (0.78, 1.67)]
. , Age, race/ethnicity, total energy intake, income, education, smoking, alcohol intake, family
Margolis et al. WP.”‘?" s Health PC 8 82,076 3,946 50-79 Validated SFFQ  history of diabetes, use of postmenopausal hormone therapy, SBP, DBP, BMI, physical T2D Yogurt Total Yogurt >500g/week vs [HR: 0.46 (0.31, 0.68)]
(34) Initiative, EEUU . ) ) . ) ) <250g/month
activity, an interaction term between quintiles of yogurt intake and time.
3. Obesity risk (n=1)
- 889, k vs 0-250; k : -
Martinez- Validated FFQ- Age, gender, physical activity, hours of TV watching, hours spent sitting down, smoking, \Llchw lfatfy;)gurt> g/ weekvs g/week  [HR: 0.84 (0.61-1.15)]
Gonzalez etal. SUN project, Spain PC 6.6 8,516 1,860 26-48 136 item snacking between meals, following a special diet, total energy intake, adherence to the Obesity Yogurt yongi_ a >889g/week vs 0-250g/week  [HR: 0.62 (0.47-0.82)]
(95) Mediterranean diet, marital status, years of education, baseline BMI. Total Yogurt  >889/week vs 0-250g/week  [HR: 0.80 (0.68-0.94)]
4. MetsS risk (n=3)
Kimetal. (37)  KoGES, Korea PC 4 5510 2,103 40-60  /2lidated FFQ- - Age, gender, BMI, residential location, educational level, household income, smoking, Mets Yogurt Total Yogurt  285g/d vs <21g/d [HR: 0.68 (0.58-0.79)]
103 item alcohol intake, physical activity, nutrient intakes (energy and energy-adjusted Ca, fiber).
Age, gender, intervention group, physical activity, BMI, smoking and former, hypoglycemic, Low-fat yogurt T3 (124g/d) vs T1 (1g/d)  [HR: 0.73 (0.62-0.86)]
Babio etal. (38) PREDIMED study, Spain PC  2-7 1868 930 55.80 Valdated FFQ-  hypolipemic, antihypertensive or insulin treatment, mean consumption during follow-up: ¢ Yogurt Whole-fat 13 16e/d) vs T1 (0g/d)  [HR: 0.78 (0.66-0.92)]
137 items vegetables, fruit, legumes, cereals, fish, red meat, cookies, olive oil nuts, alcohol, MetS at yogurt
baseline. Total yogurt T3 (127g/d) vs T1 (7g/d)  [HR: 0.77 (0.65-0.91)]
- 2875, k vs 0-250; k : 0. .39-1.
Savén-Orea et al Validated FFQ- Age, gender, baseline weight, total energy, alcohol intake, soft drinks, red meat, French \Llshw()lfea:cf;/;)gurt gfweek vs g/week  [OR: 0.63 (0.39-1.02)]
v "SUN project, Spain PC 6 8,063 306 20-90 fries, fast food, Mediterranean diet, physical activity, sedentary behavior, hours sitting, MetS Yogurt >875g/week vs 0-250g/week  [OR: 0.98 (0.68-1.41)]

(39)

136 item

smoking, snacking between meals, following special diet.

yogurt

Total Yogurt ~ 2875g/week vs 0-250g/week

[OR

:0.84 (0.60-1.18)]

Abbreviations: AusDiab, Australian Diabetes Obesity and Lifestyle Study; BMI, body mass index; Cl, confidence interval; DBP, diastolic blood pressure; EEUU, United States; FD, fermented dairy; FFQ, food frequency questionnaire; FM, fermented milk; g/d, grams per day; g/week, grams per
week; HDL, high density lipoprotein; HPFS, Health Professionals Follow-up Study; HR, hazard ratio; InterAct, Intensive Blood Pressure Reduction in Acute Cerebral Hemorrhage Trial; KoGES, The Korean Genome and Epidemiology Study; MetS, Metabolic Syndrome; NHS, Nurses' Health Study;
OR, odds ratio; PC, prospective cohort; PREDIMED, Prevencion con Dieta Mediterranea; Q, quartile; SBP, systolic blood pressure; SFFQ, semi-quantitative food frequency questionnaire; SUN, seguimiento universidad de Navarra; T, tercil; T2D, Type 2 diabetes; TG, triglycerides; Vs, versus.
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Table 3. Summary of the individual information extracted from each included randomized clinical trial evaluating the effectiveness of probiotics in dairy products on CMD in subjects with different CMDs (obesity, T2D, hypercholesterolemia and metabolic syndrome)(N=24)
Significant results

Study design Gender, age Intervention (IG) Control group
Author,year p, ation (Country) (years) " (/PY 1T (Type of admin. — Probiotic strain - CFU/day) (cg)  comparedto BW (kg) ?k“:/'m 2 Welem) BFM (Kg)  BF (%) VAF(cm?)  SCFA (cm?)
Added to yogurt matrix
. R, DB, PC M and W, . . . . PL yogurt with End vs BL (IG) P>0.05 P>0.05 P>0.05 - P>0.05 - -
8
Zarrati et al. (96) 8 weeks (Iran) 20to 50 60 (30/30) Yes Yogurt with L. acidophilus La5, B. BB12, and L. DN0OO1 (108) with LCD. LCD Between interv. P>0.05 P>0.05 P>0.05 . 0.63 . .
. R, SB, CT, PC . i . . PL low-fat End vs BL(IG) P>0.05 P>0.05 P>0.05 - - - -
- U
Madjd et al. (41) 12 weeks (Iran) W, 18 to 50 89 (44/45) Yes Low-fat yogurt with L. acidophilus and B. lactis BB12. (1 x 107) yogurt Between interv. P>0.05 P>0.05 P>0.05 . . . .
" R, DB, CT, PC Mand W, . . . . End vs BL(IG) 12.74 1 1.02 11.69 - - - -
6 6°
Nabavi et al. (97) 8 weeks (Iran) 2310 63 72 (36/36) No Yogurt with B. lactis Bb12 (3.85x108), L. acidophilus La5. (4.42 x 106) PL yogurt Between interv. .49 0.91 P>0.05 . : . .
Mohamadshahi R, DB, CT, PC Mand W, . . . . " End vs BL(IG) P>0.05 P>0.05 P>0.05 - P>0.05 - -
etal. (42) 8 weeks (Iran) =51 42(21/21) No Yogurt with L. acidophilus La-5, B. lactis BB-12. (3.7 x 106) PL yogurt Between interv. P>0.05 P>0.05 P>0.05 . P>0.05 . .
Mohamadshahi R, DB, CT, PC MandW, . (21/21) No Yogurt with L. acidophilus La-5, B. lactis BB-12. (3.7 x 106) PL yogurt End vs BL,(IG) P>0.05 P>0.05 P>0.05 ) P>0.05 ) )
etal. (43) 8 weeks (Iran) 42 to 56 Between interv. P>0.05 P>0.05 P>0.05 - P>0.05 - -
End vs BL (11/12) $4.23/ P>0.05 ;J’);ZSS/ $2.78/ P>0.05 - ; ; ;
' R, DB, CT, PC MandW, 75 11. Yogurt with L. acidophilus LAS, L. casei DN0OO1, B. lactis BB12 with Regular yogurtBetween interv.
Zarratietal. (82) g ks (Iran) 20t050  (25/25/25) N° LD withlCD  (1vsl2 427 -1.55 278 - - - :
12. Yogurt with L. acidophilus LAS, L. casei DN0OO1, B. lactis BB12. (1L vs12) .
Between interv. 2.91 1.9 2.0 R R R R
(12 vs CG) : : :
R, DB, PC, CO Mand W, 11. Yogurt with L. amylovorus. (1.39 x 10°) End vs BL (11/12) P>0.05 - - 1,1.40/41.00 - - -
Omar etal. (98) 4,3 weeks (Canada) 18 to 60 56 (28/28) No 12. Yogurt with L. Fermentum. (1.08 x 10°) PL yogurt Between interv. P>0.05 - - P>0.05 - - -
. . . . . {1155/
8 - - - -
Jarati et ol (53) R, DB, CT, PC MandW, 75 ves :AllitEoLgcuDrt with L. acidophilus LAS, L. casei DNOO1, B. lactis BB12 (3x108) RegularyogurtEnd vs BL (11/12) 14.23/ P>0.05 P>0.05/ 12.78/ P>0.05
8 weeks (Iran) 20to 50 (25/25/25) 12. Yogurt with L. acidophilus LAS, L. casei DNOOL, B. actis BB12. (3x10) with LCD Between !nterv. (11vs12) -4.27 -1.55 -2.78 - - - -
Between interv. (12 vs CG)4.91 1.9 2.0 - - - -
Added to FD matrix
) R, DB, PC, PG Mand W, ) e End vs BL (IG) 10.6 10.2 - - 10.8 - -
11
Naito et al. (40) 8 weeks (Japan) 20to 64 100 (50/50) No  FM with L. casei Shirota YIT 9029. (>1.0 x 101%) PL non FM Between interv. P>0.05 P>0.05 . . P>0.05 . .
Takahashietal. R, DB, PC, MC M and W, . . End vs BL(IG) P>0.05 P>0.05 - - - 5.1 P>0.05
, DB, PC, ) 10
(47) 12 weeks (Japan) 20 to 65 137{69/68) No  FM with B. lactis GCL2505. (8 x 100) PLFM Between interv. P>0.05 P>0.05 - - - -6.60 P>0.05
R, DB, PC . . . End vs BL(IG) P>0.05 P>0.05 P>0.05 - - - -
Hove et al. (46) 12 weeks (Denmark) M, 40 to 70 41 (23/18) No FM with L. helveticus CardiO4. (n.d.) PLFM Between interv. P>0.05 P>0.05 P>0.05 . . . .
1,0.30/4.0. o, o, 9,
Kadooka etal. R, DB, PG, MC, PC Mand W, 210 No 11. FM with L. gasseri SBT2055. (200 x 107) PLEM End vs BL(11/12) . 40 V1.30/41.10  10.60/1,0.50 10.50P>0.05 8.50%/8.2% 2.60%/P>0.05
(45) 12 weeks (Japan) 35to 60 (69/71/70) 12. FM with L. gasseri SBT2055. (200 x 106) Between interv. (11 vs CG) - P>0.05 -1.20 -1.10 -1.10 -7.80 P>0.05
Between interv. (12 vs CG) - P>0.05 -1.00 -1.00 P>0.05 -7.50 P>0.05
Kadooka etal. R, DB, PC, MC Mand W, . . End vs BL(IG) 4 1.10 10.40 11.70 10.80 10.05 {15.80 17.40
10
(44) 12 weeks (Japan)  33toe3 o7 (43/44) No  FMwith L. gasseri SBT2055. (10 x 10%7) PLFM Between interv. -1.40 -0.50 1.70 1.10 0,7 7.20 -6.10
Nakamura et al. R, DB, PC Mand W, . End vs BL(IG) - P>0.05 - - 10.40 10.40 -
(99) 12 weeks (Japan) 519 197 (98/99) No  Shake with L. amylovorus CP1563. (n.d.) PL shake Between interv. . P>0.05 . . P>0.05 P>0.05 .
Ostadrahimiet R, DB, PC Mand W, - . . . . End vs BL(IG) P>0.05 - - - - - -
al. (48) 8 weeks (Iran) 35 to 65 60 (30/30) No Kefir with L. casei, L. acidophilus, B. lactis. (n.d.) dough Between intery. P>0.05 . . . . . .
Sharafedtinov et R, DB, PC, PG Mand W, X PL cheese End vs BL(IG) 15.70 12.00 - P>0.05 - - -
4
al. (84) 3 weeks (Russia) 30 to 69 40(25/15) No  Cheese with L plantarum TENSIA (1 x 10) + LCD. with LCD Between interv. P>0.05 P>0.05 - P>0.05 - - -

Abbreviations: Admin, administration; B, bifidobacterium; BF, body fat, BFM, body fat mass; BL, baseline; BMI, body mass index, BW, body weight; CFU/day, colony formin units per day; CG; control group; CMD, cardiometabolic disease; CO, crossover; CT, controlled trial; DB, double blind, FM,
fermented milk, |, intervention; IG, intervention group; ITT, intention-to-treat; L, Lactobacillus; LCD, low calorie diet; MC, multi-center; PG, parallel, group; M, men; n.d., no data; PC, placebo-controlled; PL, placebo; Prob, probiotic; R, randomized; S, streptococcus; SB, single blind; SCFA,
subcutaneous fat area; T2D, type 2 diabetes, VAF, visceral fat area; W, women; WC, waist circumference.

The difference between interventions was calculated by performing subtraction of the difference between end and baseline of each intervention. (End vs BL) indicated the difference between end and baseline of intervention group. If the result was statistically significant the difference was
shown, if the result was statistically non-significant was shown P>0.05. (-) mean that the study does not evaluate this parameter.
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Table 4. Summary of the individual information extracted from each included randomized clinical trial evaluating the effectiveness of probiotics in dairy products on CMD in subjects with T2D (N=7)

Significant results

Study design Gender, Intervention (IG) Control group

Author,year o ion (Country) age (years) " (./pL) T (Type of admin. — Probiotic strain — CFU/day) (CG) Compared to :u:sjl::s HOMA-IR HbalC (%) F. glucose (mmol/L)  Plasma CRP (mg/l)
Added to yogurt matrix

Rezaei et al. (49) Zlva:ékzc(lran) 3':/|Sizd6;v, 90 (45/45) No Yogurt with L. acidophilus La5, B. lactis BB12. (n.d.) PL yogurt EZ?V\\I’;E:}:S:N : : _\16(2330 _\JI02§9 i;gfs
2/Itoarl1'a(r2;)dshahi :’\A?eBéIS—('l :)a(;) zﬂzizdszv’ 42(21/21) No Yogurt with L. acidophilus La-5, B. lactis BB-12. (3.7 x 106) PL yogurt Ezgv;’:eiLi(r:fgrv. : : _\J(;;;S zggz zggz

;E:thoa(;ed etal. :,\A?eBéIS—(IDPeCnmark) ;\’/(I)izdezv, 60 (30/30) No Yogurt with L. acidophilus La5 (7.23 x 108), B. lactis BB12. (6.04 x 105)  PL yogurt Ezgv;’:eiLi(r:fgrv. zggz : f’0>(£)1205 —\162870 :

Added to FD matrix

Naito et al. (40) :'\EeBékzc('J:San) ggizdezv' 100 (50/50) No  FM with L. casei Shirota YIT 9029. (>1.0 x 1011) PLnon FM E’;fv;’:eih(rfgrw ig:g; ig:g; i%‘%ss ig:g; :

-(FSO;)LJCCi etal. :,\A?eBékzc(le'Szil) ;:’lsizdegv’ 45(23/22) No FM with L. acidophilus La-5, B. animalis subsp. lactis BB-12. (2 x 109) PLFM Ezgv;’:eiLi(r:fgrv, zggz iggz _\16(23367 igg: :

Hove et al. (46) ?,Z?A?e,:lfs (Denmark) Z'\lltl)’ to 70 41(23/18) No  FMwith L. helveticus Cardi0d. (n.d.) PLFM Ezgv;’:eiLi(r:fgrv. igg: igg: igg: f’gggS igg:
gﬁt&(;;ahimi et :,\A?eBékzc(lran) ;:’lsizdezv’ 60 (30/30) No Kefir with L. casei, L. acidophilus, B. lactis. (n.d.) Dough Erejgv;’:eil_i(rl\grv. i i ;J;;é; _\J{11724 i

Abbreviations: Admin, administration; B, bifidobacterium; CFU/day, colony formin units per day; CG; control group; CMD, cardiometabolic disease; CRP, C-reactive protein; CT, controlled trial; DB, double blind; F, fasting; FM, fermented milk, |, intervention; IG, intervention group; HbalC,
glycosylated hemoglobin; HOMA-IR, Homeostatic model assessment index; ITT, intention-to-treat; L, Lactobacillus; PG, parallel, group; M, men; n.d., no data; PC, placebo-controlled; PL, placebo; Prob, probiotic; R, randomized; T2D, type 2 diabetes, VAF, visceral fat area; W, women; WC.
The difference between interventions was calculated by performing subtraction of the difference between end and baseline of each intervention. (End vs BL) indicated the difference between end and baseline of intervention group. If the result was statistically significant the difference was
shown, if the result was statistically non-significant was shown P>0.05. (-) mean that the study does not evaluate this parameter.
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Table 5. Summary of the individual information extracted from each included randomized clinical trial evaluating the effectiveness of probiotics in dairy products on CMD in subjects with hypercholesterolemia (N=5)

Study design Gender, Intervention (IG) Control group Total cholesterol . .
Author, year Duration (Country) age (years) n(l./PL) ITT (Type of admin. - Probiotic strain — CFU/day) (CG) Compared to (mmol/L) LDL-cholesterol (mmol/L) HDL-cholesterol (mmol/L) Triglycerides (mmol/L)
Added to yogurt matrix
Nishiyama et al. R, DB, CT, PC w, R . End vs BL(IG) 103 10.25 P>0.05
(51) 8 weeks (Japan) 23to 66 76(37/39) No  Yogurt with L. lactis 11/19-B1 and BB-12. (nd.) PL yogurt Between interv. P>0.05 P>0.05 P>0.05
11. Yogurt with L. acidophilus La5, B. lactis BB12 + Capsules with L. End vs BL(11/12/13) P>0.05 P>0.05 P>0.05 P>0.05
Ivey et al. (101) R, DB, CT, PC Mand W, 156 (40/37) o acidophilus La5, B. lactis BB12. (3 x 10°) Milk + PL
v ) 6 weeks (Australia) 255 (39/40) 12. Yogurt with L. acidophilus La5, B. lactis BB12 (3 x 10°) + PL capsules capsules Between interv. (11vs13) P>0.05 P>0.05 P>0.05 P>0.05
13. Milk + Capsules with L. acidophilus La5, B. lactis BB12 (3x10°)
Mohamadshahi R, DB, CT, PC Mand W, R . i i End vs BL(IG) 10.67 10.79 P>0.05 P>0.05
- - 6°
etal(42) 8 weeks (Iran) 51 42(21/21) No Yogurt with L. acidophilus La-5, B. lactis BB-12. (3.7 x 106) PL yogurt Between interv. P>0.05 061 +0.89 P>0.05
Added to FD matrix
R, DB, PC, PG w, . . . End vs BL(IG) 1.0.32 1.0.28 10.14 4.0.13
Sperry et al. (52) 28 days (Brazil) 35 t0 72 30(15/15) No Cheese with L. casei 01. (1x 108) PL cheese Between interv. +0.00 012 401 0.05
. R, DB, PC, PG Mand W, . U End vs BL(IG) P>0.05 P>0.05 P>0.05 P>0.05
11
Naito et al. (40) 8 weeks (Japan) 20 to 64 100 (50/50) No FM with L. casei Shirota YIT 9029. (>1.0 x 101%) PL non FM Between interv. 75 16,0 £>0.05 £>0.05

Abbreviations: B, Bifidobacterium; BL, baseline; CFU/day, colony forming units per day; CG, control group; CT, controlled trial; DB, double-blind; HDL, high density lipoprotein; IG, intervention group; ITT, Intention-to-treat; L, Lactobacillus; LDL, low density lipoprotein; M, men; PC, placebo-
controlled; PG, parallel-group; PL, placebo; prob, probiotic; R, randomized; W, women.

The difference between interventions was calculated by performing subtraction of the difference between end and baseline of each intervention. (End vs BL) indicated the difference between end and baseline of intervention group. If the result was statistically significant the difference was
shown, if the result was statistically non-significant was shown P>0.05. (-) mean that the study does not evaluate this parameter.
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Table 6. Summary of the individual information extracted from each included randomized clinical trial evaluating the effectiveness of probiotics in dairy products on CMD in subjects with metabolic syndrome (N=2)

Study design Gender, Intervention (IG) Control group WC Triglycerides Total cholesterol HDL-cholesterol F. glucose
Author, year Duration (Country  age (years) (/P 1T (Type of admin. - Probiotic strain — CFU/day) (CG) Compared to (cm) (mg/dL) (mmol/L) LDL-cholesterol (mmol/L) (mmol/L) (mmol/L
Added to yogurt matrix
Rezazadeh et al. R, DB, PC, PG Mand W, . . . . End vs BL(IG) - - - - - 14.81

6 6

(102) 8 weeks (Iran) 20 0 65 44 (22/22) No Yogurt with L. acidophilus La5 (6.45 x 10°) and B. lactis BB12. (4.94 x 10€)PL yogurt Between interv. ; ; ; ; ; 3.80
Added to milk matrix
Bernini et al. R Mand W, - . o End vs BL(IG) P>0.05 P>0.05 $0.39 10.45 P>0.05 P>0.05
(103) 45 days (Brazil) 18to60 >+ (26/25) No Milkwith B. Jactis subsp. nov. HNO19. (3.4 x10%) untreated o\ veen interv. P>0.05 P>0.05  -0.55 -0.40 P>0.05 P>0.05

Abbreviations: B, Bifidobacterium; BL, baseline; CFU/day, colony forming units per day; CG, control group; CT, controlled trial; DB, double-blind; HDL, high density lipoprotein; IG, intervention group; ITT, Intention-to-treat; L, Lactobacillus; LDL, low density lipoprotein; M, men; PC, placebo-

controlled; PG, parallel-group; PL, placebo; prob, probiotic; R, randomized; W, women.

The difference between interventions was calculated by performing subtraction of the difference between end and baseline of each intervention. (End vs BL) indicated the difference between end and baseline of intervention group. If the result was statistically significant the difference was

shown, if the result was statistically non-significant was shown P>0.05. (-) mean that the study does not evaluate this parameter.
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Table 7. Summary of the individual information extracted from each included randomized clinical trial evaluating the effectiveness of probiotics in powder or capsules on CMD in subjects with obesity (N=17)

Author. vear Study design Gender, 00/ Py T Intervention (IG) Control groupCOm ared to Significant results
A Duration (Country) age (years) (Type of admin. — Probiotic strain - CFU/day) (CG) P BW (kg) BMI(kg/m2)  WC (cm) BFM (Kg) BF (%) VAF (cm?)SCFA (cm?)
Khalili et al. R, DB, PC, PG, Mand W, . . 5 End vs BL(IG) 1 1.20 10.485 {1 2.15 - - - -
(56) 8 weeks (Iran) 60 to 50 40(20/20) No  Capsules with L. casei. (10°) PL powder Between interv. -1.52 -0.84 -1.77 - - - -
Kim et al. (104) R, DB, PC Mand W, 90 No 11. Capsules with L. gasseri BNR17. (109) PL powder End vs BLFIG) P>0.05 P>0.05 P>0.05 . ) ) .
: 12 weeks (Korea) 20to 75 (30/30/30) 12. Capsules with L. gasseri BNR17. (10%0) P Between !nterv. (11vs CG) P>0.05 P>0.05 P>0.05 : : P>0.05 -
Between interv. (12 vs CG) -4.4 P>0.05 P>0.05 - - -21.6 -
Kobyliak et al. R, DB, PC, PG M and W, 53(31/22) No Powder with 14 probiotic strains of L. + Lactococcus(6x10%0), B. (1><101°),PL owder End vs BL(IG) 10.94 10.26 10.75 - - - -
(55) 8 weeks (Ukraine) 18to 75 Propionibacterium(3x101°), Acetobacter(1x10). P Between interv. +0.79 P>0.05 +0.62 - - - -
Minamietal. R, DB, PC, PG Mand W, X End vs BL(IG) - P>0.05 J1.0 P>0.05 P>0.05 P>0.05 P>0.05
- 10
(105) 12 weeks (Japan) 20to 64 80(40/40) No  Capsules with B. breve B-3.(2 x 10%) PL powder Between interv. - P>0.05 P>0.05 -0.6 -0.7 P>0.05 P>0.05
Pedretetal. R, DB, PC, PG Mand W, 126 11. Capsules with B. animalis subsp. lactis CECT 8145.(1 X 10%0) End vs BL.(Il/IZ) V034/P>0.05 174/41.88  P>0.05 P>0.05 P>0.05 P>0.05
(62) 12 weeks (Spain) >18 (42/44/40) ves 12. Heat-killed B. animalis subsp. lactis CECT 8145. (1 X 1010) PL powder Between interv. (I1vs CG) -0.43 -1.88 P>0.05 P>0.05 P>0.05 P>0.05
: : : : Between interv. (12 vs CG) P>0.05 -1.66 P>0.05 P>0.05 -7.01 P>0.05
11: Powder of Ecologic® Barrier: B. bifidum W23, B. lactis W52, L. P>0.05/-
Szulinska et al. R, DB, PC, PG W, 45 to 70 81 No acidophilus W37, L. bravis W63, L. casei W56, L. salivarius W24, L. lactis PL powder End vs BL(11/12) - P>0.05 -0.54/-1.06 -0.22/-0.62  P>0.05/-0.54 0.58/ -0.83/-0.99
(63) 12 week (Poland) ! (27/27/27) W19 and W58.(1 x 1010) P P>0.05
12. Powder of Ecologic® Barrier. (2,5 x 10°) Between interv. (11 vs CG) - P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05
isco®: i i - i LC- is LL- End vs BL(IG 0.98 0.45 5.14 1.34 - - -
Gomesetal. R,DB,PC, PG W, 20t0 59 43 (21/22) No Powder of Danisco®: L. acidophilus LA-14, L. casei LC-11, L. lactis LL-23, PL powder (1G) N N N N

(59) 8 weeks (Brazil) B. bifidum BB-06, B. Lactis BL-4. (2 x 10'°) Between interv. P>0.05 P>0.05 -1.81 P>0.05 - - -

Mahadzir et al.R, DB, CT, PG Mand W, 24(12/12) No Powder of L. acidophilus, L. casei, L. lactis, B.bifidum, B. longum, B. PL powder End vs BL(IG) P>0.05 - P>0.05 - - - -
(54) 4 weeks (Malaysia) 18 to 50 Infantis. (60x10°) P Between interv. P>0.05 - P>0.05 - - - -
Mobinietal. R, DB, PC, PG Mand W, 44 No 11. Powder of L. reuteri DS17938. (1x101°) PL powder End vs BL(11/12) P>0.05 P>0.05 P>0.05 P>0.05 - - -
(106) 12 weeks (Sweden) 50to 75 (14/15/15) 12. L. reuteri DS17938. (1x108) P Between interv. P>0.05 P>0.05 P>0.05 P>0.05 - - -
. R, DB, PC End vs BL(IG) P>0.05 P>0.05 - - - - -
Sabico et al. . Mand W, o . o
(64) ifa\:)/;jks (Saudi 30 to 60 61 (31/30) Yes Powder of Ecologic® Barrier. (2.5 x 109) PL powder Between interv. P>0.05 P>0.05 . : : : .
Firouzietal. R, DB, PG, PC Mand W, I‘1. PO\{vder of L. aado;?hllus, L. casei, L. lactis, B. bifidum, B. longum, B. End vs BL(11/12) P>0.05 P>0.05 P>0.05/,2.00 - - - -
(60) 12 weeks (Malaysia) 30 to 70 136 (68/68) Yes infantis. (6x10%°) only in men. PL powder .
Yy 12. Same 11 powder only in women. Between interv. P>0.05 P>0.05 P>0.05 - - - -
Higashikawa etR, DB, PC, PG MandW, 62 Yes 11. Powder of P. pentosaceus LP28 living. PL powder End vs BL(11/12) - P>0.05 P>0.05/4,1.83 P>0.05/11.7710.51/ ¢ 1.03 - -
al. (65) 12 weeks (Japan) 20to 70 (21/21/20) 12. Powder of P. pentosaceus LP28 heat-killed. (1 x 10'%) P Between interv. (12 vs CG) - P>0.05 -2.84 117 2111 - -
R, DB, PC Mand W, End vs BL(IG) 10.65 10.24 10.50 - - P>0.05 3.60
9
Jung et al.(58) 12 weeks (Korea) 200 65 95 (49/46) No Powder of L. curvatus HY7601 and L. plantarum KY1032. (5 x 109) PL powder Between interv. 1.0 03 P>0.05 . . P>0.05 -8.10
Chungetal. R,DB,PC M and W, 5 vegetable End vs BL(IG) 10.31 10.32 - P>0.05 - - -
(20) 12 weeks (Korea) 25to 65 37(18/19) No  Capsules of L. JBD301. (1x 107) cream capsule Between interv. -1.46 -1.33 - P>0.05 - - -
Minami et R, DB, PG, PC Mand W, End vs BL(IG 10.20 P>0.05 - 10.70 {11.00 - -
- 10
al.(61) 12 weeks (Japan) 40to 69 44(19/25) No  Capsules of B. breve B-3. (5 x 10'°) PL capsules Between interv. P>0.05 P>0.05 - 0.1 P>0.05 - -
R, DB, PC Mand W, . 10 End vs BL(IG) P>0.05 10.60 {,2.00 - P>0.05 - -
Jung et al.(57) 12 weeks (Korea) 19 to 60 62 (29/23) Yes Capsules of L. gasseri BNR17. (1 x 1010) PL capsules Between interv. P>0.05 P>0.05 P>0.05 . P>0.05 . .
Aller et al. R, DB, PC Mand W, . . End vs BL(IG) P>0.05 P>0.05 - P>0.05 - - -
8
(107) 12 weeks (Spain) 391059 28 (14/14) No Tablet of L. bulgaricus, S. thermophiles. (5 x 108) PL tablet Between interv. P>0.05 P>0.05 . P>0.05 : : .

Abbreviations: B, Bifidobacterium; BL, baseline; BMI, body mass index; BW, body weight; BF, body fat; BFM, body fat mass; CG, control; CT, controlled trial; DB, double-blind; I, intervention IG, intervention group; ITT, Intention-to-treat; L, Lactobacillus; M, men; n.d.; P, Pediococcus; prob,
PC, placebo-controlled; PG, parallel-group; probiotic; PL, placebo; R, randomized; S, Streptococcus; SCFA, subcutaneous fat area; VAF, visceral fat area; W, women; WC, waist circumference.

The difference between interventions was calculated by performing subtraction of the difference between end and baseline of each intervention. (End vs BL) indicated the difference between end and baseline of intervention group. If the result was statistically significant the difference was
shown, if the result was statistically non-significant was shown P>0.05. (-) mean that the study does not evaluate this parameter.
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Table 8. Summary of the individual information extracted from each included randomized clinical trial evaluating the effectiveness of probiotics in powder or capsules on CMD in subjects with T2D (N=11)
Significant results

Study design Gender, age Intervention (CFU/day) (IG) Control group

Author, year . N (1./PL ITT R o ! Compared to i i
Y3 puration (Country) (years) (1./PL) (Type of admin. — Probiotic strain — CFU/day) (cG) p (Fw'lj‘/sr:l'-')“ HOMA-IR HbalC (%) F. glucose (mmol/L)  Plasma CRP (mg/L)
Capsules with L. acidophilus (2x10°), L. casei (7X10°), L. rhamnosus End vs BL(IG) P>0.05 P>0.05 _ 1178 _
Razmpoosh et R, DB, PC, PG Mand W, 68 (34/34) No (1.5x109), L. bulgaricus (2x108), B.breve (3x10%), B. longum (7x10°), S.  PL capsules
al. (66) 6 weeks (Iran) 30to75 thermophiles. (1.5x10% Between interv. P>0.05 P>0.05 - P>0.05 -
Sabicoetal. R, DB, PC, PG Mand W, . o . 5 End vs BL(IG) 3.8 {134 - 4.5 129
(53) 24 weeks (Saudi Arabia) 30 to 60 96 (48/48) Yes Powder with Ecologic®Barrier. (2.5x107) PL powder Between interv. P>0.05 -0.34 - P>0.05 P>0.05
Kassaian et R, DB, PC, PG Mand W, 120 No Freeze-dried powder with L. acidophilus, B. lactis, B. bifidum, and B. PL powder End vs BL(IG) P>0.05 P>0.05 P>0.05 16.49 -
al.(68) 24 weeks (Iran) 35to0 75 (40/40/40) longum. (1 x 109) P Between interv. P>0.05 P>0.05 P>0.05 P>0.05 -
Khalilietal. R, DB, PC, PG M and W, End vs BL(IG) 1233 $29.72 P>0.05 12835 -
, DB, PC, f ] 1108
(56) 8 weeks (Iran) 301050 20(20/20) No  Capsules with L. casei. (10%) PLpowder o\ veen interv. 3.12 32.31 P>0.05 -28.32 -
Kobyliak et al. R, DB, PC, PG Mand W, 53(31/22) No Powder with 14 alive probiotic strains of L. + Lactococcus (6x10%9), B. PL powder End vs BL(IG) P>0.05 - P>0.05 P>0.05 -
(55) 8 weeks (Ukraine) 18to 75 (1x10%9), Propionibacterium (3x10%°), Acetobacter (1x10) genera. P Between interv. P>0.05 - P>0.05 P>0.05 -
) ) . End vs BL(11/12) - - - - -
- 9
B Swecks (Towan) 251070 (25/25/24) MO 12, Capeuleswith Hest il . reuter ADR.3. 2% 10 PLpowder  Betweenintery ilusCE) 22005 P0.05 P0.05 P0.05 P0.05
-Lap i : Between interv. (11 vs CG) P>0.05 P>0.05 P>0.05 P>0.05 P>0.05
Rayganetal. R, DB, PC, PG Mand W, Capsules with B. bifidum (2 x 10°), L. casei (2 x 10°), L. acidophilus 2 x End vs BL(IG) - - - - -
(67) 12 weeks (Iran) d0togs 030300 Noo oo PLcapsules o\ ween interv. 2.09 -0.50 . 20.02 -0.88
Mobinietal. R, DB, PC, PG Mand W, 44 . . End vs BL(IG) - - P>0.05 - P>0.05
8
(106) 12 weeks (Sweden) 50to 75 (14/15/15) No  Powder with L. reuteri DS17938. (1 x 10°) PL powder Between interv. - - P>0.05 - P>0.05
Sabicoetal. R,DB,PC Mand W, . e . 9 End vs BL(IG) {,3.00 {3.20 - 13.20 -
(64) 12 weeks (Saudi Arabia) 30 to 60 61(31/30) Yes Powder with Ecologic® Barrier. (2.5 x 10°) PL powder Between interv. P>0.05. P>0.05 - P>0.05 -
Firouzietal. R, DB, PG, PC Mand W, 136 (68/68) Yes Powder with L. acidophilus, L. casei, L. lactis, B. bifidum, B. longum, B. PL powder End vs BL(IG) 12.90 P>0.05 10.14 P>0.05 P>0.05
(60) 12 weeks (Malaysia) 30to 70 infantis. (6 x 101°) P Between interv. P>0.05 P>0.05 P>0.05 P>0.05 P>0.05
Mazloom et al. R, SB Mand W, . . . . . . magnesium  End vs BL(IG) P>0.05 P>0.05 - - -
(21) 6 weeks (Iran) 25 to 65 34 (16/18) No Capsules with L. acidophilus, L. bulgaricus, L. bifidum, L. casei. (n.d.) stearate Between interv. P>0.05 P>0.05 . . .

Abbreviations: B, Bifidobacterium; BL, baseline; CFU/day, colony forming units per day; CG, control group; CRP, C-reactive protein; CT, controlled trial; d, day; DB, double-blind; F, fasting; g, grams; Hba1lC, glycosylated hemoglobin; HOMA-IR, Homeostatic model assessment index; ITT,
Intention-to-treat; IG, intervention group; L, Lactobacillus; LDL, low density lipoprotein; M, men; mL, milliliters; mmol/L, milimol per liter; n.d., no data; PC, placebo-controlled; PG, parallel-group; PL, placebo; prob, probiotic; S, Streptococcus; R, randomized; W, women.

The difference between interventions was calculated by performing subtraction of the difference between end and baseline of each intervention. (End vs BL) indicated the difference between end and baseline of intervention group. If the result was statistically significant the difference was
shown, if the result was statistically non-significant was shown P>0.05. (-) mean that the study does not evaluate this parameter.
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Table 9. Summary of the individual information extracted from each included randomized clinical trial evaluating the effectiveness of probiotics in powder or capsules on CMD in subjects with hypercholesterolemia (N=5)
Significant results

Study design Gender, age Intervention (CFU/day) (IG) Control group

Author, year . N (1./PL) ITT . o ! Compared to Total cholesterol LDL-cholesterol HDL-cholesterol Triglycerides
T f ad . — Probiotic st - CFU/d:
Duration (Country) (years) (Type of admin. - Probiotic strain /day) (cG) (mmol/L) (mmol/L) (mmol/L) (mmol/L)
11.Capsules of Bacillus subtilis R0179. (5x10°)
End vs BL(11/12/13
;Ilul(r;%r;per et ?8[\)/\2;!2 (CE(;UU) gﬂsizdezv’ 114 No /2. L. plantarum HA-119. (5x10°) PL powder nd vs BL(11/12/13) P>0.05 P>0.05 P>0.05 P>0.05
: 13. B. animalis subsp. lactis B94. (5x10°) Between interv.
Braheetal. R, PG,PC Menopausal53 . . . 10 End vs BL(IG) P>0.05 P>0.05 P>0.05 P>0.05
(72) 6 weeks (Denmark) W, 40 to 70 (18/19/16) No Powder with L. paracasei spp. paracasei F1. (3.4 x 101°) PL powder Between interv. P>0.05 P>0.05 P>0.05 P>0.05
Fuentesetal. R, DB, PC, PG M and W, End vs BL(IG) 0.7 1.0.53 140.07 10.87
, DB, PC, ) . 10
(71) 16 weeks (Spain) 1810 65 60 (30/30) No Capsules with L. plantarum CECT7527, CECT7528, CECT7529. (1 x 1019) PL capsules Between interv. -0.45 0.8 +0.06 0.70
RerksuppapholR, DB, CT, PC Mand W, - . . . End vs BL(IG) 10.64 P>0.05 P>0.05 P>0.05
. 64 (31/33) No Capsules with L. acidophilus (3 x 10°), L. bifidum. (3 x 10° PL capsules
etal. (73) 6 weeks (Thailand) 40 to 58 ( ) P el b ( ) P Between interv. -1.20 -0.70 -0.08 P>0.05
Jones et al R, DB, PC, PG, MC Mand W End vs BL(IG) P>0.05 P>0.05 P>0.05 P>0.05
. ) . . 5
(74) 13 weeks 20t0 75 127 (66/61) No Capsules with L. reuteri NCIMB 30242. (2.9 X 10°) PL capsules Between interv. -0.58 051 P>0.05 P>0.05

(Czech Republic)
Abbreviations: B, Bifidobacterium; BL, baseline; CFU/day, colony forming units per day; CG, control group; CO, cross-over; CRP, C-reactive protein; CT, controlled trial; d, day; DB, double-blind; HbalC, glycosylated hemoglobin; HOMA-IR, Homeostatic model assessment index; ITT, Intention-
to-treat; IG, intervention group; L, Lactobacillus; M, men; MC, multicenter; mL, milliliters; mmol/L, milimol per liter; n.d., no data; PC, placebo-controlled; PG, parallel-group; PL, placebo; prob, probiotic; R, randomized; W, women
The difference between interventions was calculated by performing subtraction of the difference between end and baseline of each intervention. (End vs BL) indicated the difference between end and baseline of intervention group. If the result was statistically significant the difference was
shown, if the result was statistically non-significant was shown P>0.05. (-) mean that the study does not evaluate this parameter.
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Identification

Recordsidentified through
database searching
Pubmed (n=2151)
Scopus (n=4781)
Cochrane Plus (n =994)
(n=7926)

A 4

Additional records identified
through references ofretrieved
articles (n=3)

A 4

Records after duplicates removed (n=4493)

l

l

Studies included in
qualitative synthesis

Observational (n =20)

(=72
RCTs:(n=52)

|

Studies included in
quantitative synthesis

Observational (n =18)

(metz-analysis)
RCTs:(n=37)

- Records excluded
Records screened (n =5393) ’_’ (n=5269)
Full-text articles assessed for Full-text articles excluded, with
eligibility reasons
(n=124) (n=52)
RCTs(r=34):

No vatiables of interest=14
Otheringredients added=9
Otherlanzuages=6

More than 5g/day of prebiotic=1
Notmndomized =3

Probiotic speciesnot defined=1

Observational (n=18):
No vatiables of interest=3
Dietary pattems=3
No OR HR RRevaluation=4
Linear trend or regression =6
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Study % Study

0 RR (95% Cl) Weight 1 RR (95% Cl) Weight

; Jeon (30)

Joh (28)  myocardical inf ) - men +- 0.95(0.89,1.02) 7.71

0.76 (0.65, 0.89) 547

t

H Hruby (21) — 095 (0,72, 1.25) 133
R (26) (myocardical inf — 1.00(0.89, 1.13)  3.21
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Chen(33) -NHS|
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Chen(33) -NHSII
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Goldbohm (27)  tow fat - men _EE_ 098(0.94,102) 2511 Soedamah Mutthu (23) — 104(0.79,137) 156
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Sonestedt {(25) € - 0 0.87 (0.78,098) 4.73 Margolis (35) = 045 (0.43,0.50) 2388
Overall (I-squared = 30,7%, p = 0,173) <> 0.96(0.94,098) 10000  Overal (I-squared = 95.9%, p = 0.000) 0 073(0.70,076) 10000
: :
I | T - T
76 1 1.29 418 1 239
F d milk intake red risk for Fermented milk intake increases risk for reduces Sabel Iniake INCreases diabetes
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Study C % Study D »
3) RR (95% Cl) Weight ) RR (95% CI) Weignt
: '
Diaz-Lopez (32) — 1.37(097,1.95) 2594 Kim (38) —— 0.76 (0.68,0.86)  53.68
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Overall (I-squared = 0.0%, p = 0.787) <> 124 (1,03,1.49)  100.00 Overall (I-squared = 0.0%, p = 0.416) <> 0.80(0.74,0.87)  100.00

T T !
513 1 1.95 609 ' 164

Cheese intake reduces risk for type 2 diabetes  Cheese intake increases risk for type 2 diabetes Yogurt intake redk risk for Y Yogurt intake increases risk for metabolic syndrome
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Study %
A Study %
] SMD (95% CI) Weight B
; () SMD (95% C1) Weight
Nadto (41) —l— 001(-041,030) 20.23 :
: Madjd (42) ——r 0.24 (-0.65,0.18) 2135
Madjd (42) —_— 0.22(-0.64,0.19) 1826 :
! f ) Hove (47) | ——— 040(:0.22,102) 956
Mohamadshahi (£3) 04 (-0.64, 0. :
: ' Goteassany; beF Mohamadshahi (43) e 0.12(-0.72,049) 10.13
Mohamadshahi (24) : 0.06 (-0.55,066)  8.67 Mohemedeheh (48 —_—t 012(072,049) 1043
H :
Kadooka (45) —_— 0.60 (-0.94,-0.26) 27.44 Kadooks (45) —— 072(-1.06,-037) 3153
Kadooka (45) o <0.76 (-1.20,-0.33) 16.72 Kadooka (45) —_— -1.30 (-1.76,-0.84)  17.29
Overall (l-squared = 56.7%, p = 0.042) 0 ©0.33(051,-0.16) 100.00  Overall (I-squared = 80.5%, p = 0.000) <> 049 (-0.68,-020) 100,00
: ;
T * T T . T
1.2 0 12 -1.76 0 1.76
treatment reduces BM! treatment increases BMI treatment reduces WC treatment increases WC
Study % Study %
) SMD (95% CI) Weight o SMD (95% C1) Weight
Naito (41} _— -0.07 (-0.46,0.33)  24.88 Naito (41} —J— 0.05(-0.45,035) 2695
Mohamadshahi (£3) : -0.06 (-0.67.0.54)  10.67 Rezael (50) ——— 062(-105,-020) 2360
: ]
Mohamadshan (22) : 006 (0.67,054) 10,67 Torecd (51 ; i 02105080 1%
: Hove (52) - 0.75(-1.39,-0.11) 1036
Kadooka (45) S S -0.88(-1.23,-0.53) 32.18 ]
: Ostadrahimi (43) el 069(-121,-017) 1556
Kadooka (45) R — -0.43 (-0.85,-0.00) 21.60 :
: Mohamadshahi (44) —_— 047 (-108,014) 11.23
Overall (-squared = 67.5%, p = 0.015) <> -0.41(-0.60,-0.21) 100.00
Overall (I-squared = 53.1%, p = 0.058) <> 037 (0.58,-0.17) 10000
123 b 123 == o i
treatment reduces BF % reatment increases BF % treatment reduces fasting glucose fasting g}
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Study A % Study %
) SMD (95% CI) Weight 1D B SMD (95% CI) Weight
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x H T T “ T
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treatment reduces total chol | ir total ch i LDL ol LDL
Study %
Study %

D C SMD (95% CI) Weight D

; 0 SMD (95%CI)  Weight
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1 - 1 | |
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Hsieh  (70) ADR-1 0.73(-1.34,-0.12) 1246 Hsieh (70) ADR3 —_— 045 (0,14, 1.04) 208
Hsieh  (70) ADR3 ; 002(-056,060) 1391 Raygan (82) S —- 069(121,047) 1019
: Sabico —_— 002(-046.042) 1408
Firouzi (81) e 027(066.012) 3024 ©e) ; e
. Firouzi (51) —_— -0.54(0.93,-0.14) 1752
Overall (I-squared = 33.3%, %] < : > . y . 100. '
¢ LR e Mazioom (21) T 0.28 (-0.42, 0.94) 6.05
: Ovorai (I-squared = 61,7%, p = 0.005) Q 017 (0.34,-000) 10000
T = T :
1.34 0 134 . 1 :
treatment reduces Hba1C treatment increases Hba1C 145 0 145
Study %
Study * D
C D SMD (95%CI)  Weight
0 SMD (95%C1)  Weight : !
. | Culpepper  (T1)  B.lactis . 0.02(-0.37,042) 1765
Culpepper  (T1)  B.lactis g -0.07 (0.47,0.32) 17.96 :
. Culpepper (T1)  B.sublilis —— -0.19 (-0.58,0.21) 17.60
Culpepper  (T1)  B.sublils —_—— -0.10(-0.49,0.30) 17.95 :
: Qiﬁlﬁplf 1 .’llﬂ'lﬂ ™ . —n—*— . .14, 0. :
Culpepper  (71) 8. plantarum VT 0.32(-0.07,0.71) 1858 @ . H 025(014,024). 1833
Fusnies (72) s 1,08 (-1.60,-0.52) 950 Fuentes (72) L : 1,15 (-1.70, -0.60) 9.14
Beahe (73) —_—— 041(:0.27,1.09) 602 Brahe (73) B 0.31(-0.36,099) 596
Rerksuppaghol . (74) —— -1.46 (-2.01,-0.91) 9.10 Rerksuppaphol (74) —_— -0.77 (-1.27,0.26) 10.60
Jones (75) — “0.89 (+1.26,-0.53) 2050 Jones (75) _— -0.85 (-1.21,0.49) 20.71
Cperal {1aquared u:88. 1% p# 0.000) <> -037(0.53,-020) 10000 Overall (I-squared = 82.8%, p =0.000) <> -0.33 (-0.49, 0.16) 100.00
T T H
201 0 201 T T
troatment reduces total total 7 ° 17
duces LDL LOL chol
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