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Abbreviations 33 

 34 

B: Bifidobacterium       T2D: Type 2 diabetes 35 

BF: Body fat        VAF: Visceral fat area 36 

BFM: Body fat mass       WC: Waist circumference 37 

BW: Body weight       WMD: Weight mean difference 38 

CFU: Colony forming units       39 

CI: Confidence interval 40 

CLA: Conjugated linoleic acid 41 

CMD: Cardiometabolic disease 42 

CRP: C-reactive protein 43 

FDFs: Fermented dairy foods 44 

GLP-1: Glucagon-like peptide-1 45 

Hba1C: Glycosylated hemoglobin  46 

HDL: High density lipoprotein 47 

HOMA-IR: Homeostatic model assessment  48 

HR: Hazard Ratio 49 

ITT: Intention-to-Treat 50 

L: Lactobacillus 51 

LDL: Low density lipoprotein 52 

MeSH: Medical subject headings 53 

OR: Odds Ratio 54 

PCS: Prospective cohort studies 55 

PICOS: Population, Intervention, Comparison, Outcomes and Study design 56 

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analysis 57 

RCT: Randomized controlled trial 58 

RR: Relative Risk 59 

SCFA: Subcutaneous fat area 60 

SD: Standard deviation 61 

SE: Standard error 62 
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Summary (30 words maximum): Fermented milk and yogurt consumption are associated with 63 

reduced cardiometabolic disease risk. Furthermore, probiotic supplementation could be considered 64 

beneficial for lowering lipid levels, reducing anthropometry and contributing to T2D management. 65 

Abstract 66 

Fermented dairy foods (FDFs) and probiotics are promising tools for the prevention and 67 

management of cardiometabolic diseases (CMDs), respectively. The relationship between the 68 

regular consumption of FDFs and CMD risk factors was assessed by prospective cohort studies 69 

(PCSs), and the effect of probiotic supplementation added into a dairy matrix on CMD parameters 70 

was evaluated by randomized controlled trials (RCTs). Moreover, the effects of probiotic 71 

supplementation added into a dairy matrix were compared with those administered in 72 

capsule/powder form. Twenty PCSs and 52 RCTs met the inclusion criteria for the systematic 73 

review and meta-analysis. In PCSs, fermented milk was associated with a 4% reduction in risk of 74 

stroke, coronary heart disease and cardiovascular mortality [RR (95% CI); 0.96 (0.94, 0.98)]; yogurt 75 

intake was associated with a risk reduction of 27% [RR (95% CI); 0.73 (0.70, 0.76)] for type 2 76 

diabetes (T2D) and 20% [RR (95% CI); 0.80 (0.74, 0.87)] for metabolic syndrome development. In 77 

RCTs, probiotic supplementation added into dairy matrices produced a greater reduction of lipid 78 

biomarkers than when added into capsules/powder in hypercholesterolemic subjects, and probiotic 79 

supplementation by capsules/powder produced a greater reduction of T2D biomarkers than when 80 

added into dairy matrices in diabetic subjects. Both treatments (dairy matrix and capsules/powder) 81 

resulted in a significant reduction in anthropometric parameters in obese subjects. In summary, 82 

fermented milk consumption is associated with reduced cardiovascular risk, while yogurt intake is 83 

associated with a reduced risk of T2D and metabolic syndrome development in the general 84 

population. Furthermore, probiotic supplementation added into dairy matrices could be considered 85 

beneficial for lowering lipid levels and reducing anthropometric parameters. Additionally, probiotic 86 

capsule/powder supplementation could contribute to T2D management and reduce anthropometric 87 
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parameters. However, these results should be interpreted with caution due to the heterogeneity of 88 

the studies and the different probiotic strains used in the studies. 89 

Keywords: probiotics, fermented dairy, cardiometabolic disease, obesity, hypercholesterolemia, 90 

type 2 diabetes. 91 

1. Introduction 92 

Cardiometabolic diseases (CMDs) are a group of chronic diseases that include obesity, 93 

dyslipidemia, type 2 diabetes (T2D), hypertension and metabolic syndrome that promote 94 

cardiovascular (CV) disease(1), the leading cause of death throughout the world(2–4). Most of the 95 

identified risk factors for CMDs can be modified by healthy lifestyle recommendations(2). 96 

Despite attempts at lifestyle interventions, CMDs remain a major problem, and new strategies are 97 

needed to address the reduction or/and prevention of CMD. 98 

A new strategy could include the use of probiotics, live microorganisms that confer a health 99 

benefit to the host when administered in adequate amounts(5). Probiotics can be provided as 100 

supplements or may be present in fermented dairy products, particularly yogurt, cheese and 101 

fermented milk. However, for a food to be considered probiotic, the microorganisms administered 102 

must be present at concentrations higher than 108-109 colony forming units (CFU)/mL-1, show 103 

tolerance to acidic environments and bile and confer a health benefit(6,7). Notably, similarities 104 

and differences can be observed when consuming fermented dairy products and probiotic 105 

supplements. In general, fermented dairy products contain live microorganisms(7,8), such as 106 

Lactobacillus bacteria; although not all of these products can be considered probiotics, and we can 107 

only speculate on this issue. Fermented dairy products are foods with variable composition that 108 

are eaten in the context of a dietary pattern and are one of the most common and traditional ways 109 

to consume probiotics among people in most cultures(9,10). Additionally, fermented dairy 110 

products and their relationship with disease or/and health have been evaluated in various 111 



5 of 61 
 

observational studies(11,12). In fact, yogurt (consumed daily/weekly) is the primary fermented 112 

dairy product that has been widely investigated in prospective cohort studies (PCSs), and although 113 

the results have shown a favorable association between the fat content of yogurt and CMD(12), 114 

the impact of the presence of probiotics in this fermented dairy product cannot be assessed.  115 

In contrast, probiotic supplements contain controlled quantities of probiotics, and their effects are 116 

usually tested in randomized controlled trials (RCTs). Supplementation with different probiotic 117 

genera, such as Lactobacillus (L), particularly L. plantarum and L. gasseri and Bifidobacterium 118 

(B), has been demonstrated to reduce visceral fat mass and body weight (BW)(13,14), and L. casei 119 

has been shown to improve glucose homeostasis in RCTs. Some RCT studies have systematically 120 

reviewed the existing evidence describing the effects of probiotic supplementation on different 121 

CMDs, such as obesity(15), dyslipidemia and T2D(16,17) in RCTs. However, the effects of 122 

probiotics on each CMD have not been simultaneously evaluated or discussed. 123 

To the best of our knowledge, no previous systematic review and meta-analysis has provided a 124 

wide and integrative vision of the role of probiotics by examining relationships between the 125 

consumption of fermented dairy foods and CMD risk factors by PCSs with the effectiveness of 126 

specific probiotic supplementation added in a dairy product (into a dairy matrix) on obesity, T2D 127 

and hypercholesterolemia reduction with RCTs.  128 

Therefore, the objective of the current systematic review and meta-analysis, which were 129 

performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis 130 

(PRISMA) guidelines, was to evaluate the relationship between regular consumption 131 

(daily/weekly) of fermented dairy products and different risks of CMDs by PCSs and to assess the 132 

effectiveness of probiotic supplementation into a dairy matrix on different CMD parameters by 133 

RCTs. Moreover, our study compared the effects of probiotics supplementation into a dairy 134 
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matrix with those administered in capsule/powder form (not eaten with other foods). Our results 135 

will be able to provide new nutritional perspectives on the management of CMDs. 136 

2. Methods 137 

This systematic review and meta-analysis was designed following the general principles published 138 

in the PRISMA statement(18). The study has been registered with PROSPERO 139 

(CRD42018091791), and the protocol can be accessed at 140 

http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42018091791. 141 

2.1 Eligibility criteria 142 

PCSs and RCTs were eligible for inclusion in this systematic review. The Population, 143 

Intervention, Comparison, Outcomes and Study design (PICOS) criteria used to define the 144 

inclusion and exclusion criteria for the systematic review and meta-analysis are listed in Table 1. 145 

The changes to the original protocol registered along with the reasons for the changes are assessed 146 

(Supplemental Table 1). 147 

2.2 Information sources and search strategy 148 

A literature search using medical subject headings (MeSH) was performed in cooperation with 149 

health science librarians, and multiple databases were examined, including the PubMed 150 

(www.ncbi.nlm.nih.gov/pubmed), SCOPUS (www.scopus.com) and Cochrane Plus 151 

(www.bibliotecacochrane.com) databases. The analysis of electronic databases was 152 

complemented by a search for trial protocols in ClinicalTrials.gov. Additional studies were 153 

identified through a review of the references of the retrieved articles. The database searches were 154 

conducted from 2010 to August 12, 2019 (the complete search strategy is illustrated in 155 

Supplemental Table 2). 156 

2.3 Study selection 157 
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The literature search was restricted to studies written in the English language and studies that 158 

included only adult subjects. The included articles were published from 2010, to August 12, 2019. 159 

To ensure an accurate assessment of the eligibility of the included articles, the titles and abstracts 160 

of the studies identified using the search strategy and those identified from additional sources 161 

were screened independently by two of the authors (J.C. and L.P-P.). The full texts of the 162 

potentially eligible studies were then retrieved, and their eligibility was independently assessed by 163 

the same two authors. Any disagreement between the authors regarding the eligibility of a study 164 

was resolved through discussion with a third author (L.C-P.). 165 

2.4 Data collection and extraction 166 

The literature search results were uploaded to www.covidence.org, a software program that 167 

facilitates screening. First, the titles of all the studies identified from the database search were 168 

screened. Second, the abstracts of the relevant titles were screened for the selection of potentially 169 

eligible studies. Third, the full-text articles that met the inclusion criteria were screened. 170 

The data extracted from PCSs included the first author, year of publication, country in which the 171 

study was conducted, study design, follow-up duration, number of subjects, age range of the 172 

subjects, exposure assessment, adjusted variables, outcome, dairy exposures analyzed, dairy 173 

product subgroups, comparison (e.g., high vs low or no consumption) and the specific relative risk 174 

estimates [odds ratio (OR), risk ratio (RR) or hazard ratio (HR)]. 175 

The data extracted from the RCTs included the first author, year of publication, study design, 176 

study duration, sex and age range of the subjects, number of subjects in the intervention and 177 

placebo groups, intention-to-treat (ITT), details of the intervention (including probiotic strain) and 178 

control groups, and significant and nonsignificant results for BW, body mass index (BMI), waist 179 

circumference (WC), body fat mass (BFM), fat mass % (BF), visceral fat area (VAF), 180 

subcutaneous fat area (SCFA), fasting insulin, homeostatic model assessment (HOMA-IR), 181 
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glycosylated hemoglobin (Hba1C), fasting glucose, plasma C-reactive protein (CRP), total 182 

cholesterol, low-density lipoprotein cholesterol (LDL-cholesterol), high-density lipoprotein 183 

cholesterol (HDL-cholesterol) and triglycerides. 184 

2.5 Study quality and risk of bias within individual studies 185 

For assessments of the quality and possible risk of bias of each observational study, we used the 186 

Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies. 187 

Moreover, for each RCT, we collected information for quality assessment using the RevMan 5.3 188 

program, a Cochrane Collaboration tool. Specifically, the following criteria were assessed: 189 

random sequence generation, allocation concealment, blinding of participants and personnel, 190 

blinding of outcome assessment, incomplete outcome data, selective reporting, and other biases. 191 

Two authors evaluated the risk of bias in each RCT (J.C. and L.P-P.), and any disagreement 192 

between these authors regarding the risk of bias in a study was resolved through discussion with a 193 

third author (L.C-P.). 194 

2.6 Meta-regression and subgroup analyses 195 

We performed a meta-regression (random-effects) to evaluate between-group heterogeneity and 196 

assess the association between the significant estimated effect sizes with potential confounders, 197 

which included the method of probiotic administration, duration of intervention and different risk 198 

of bias evaluated. 199 

2.7 Statistical analyses 200 

The systematic review and meta-analysis were performed using RevMan 5.3, and STATA 12.0 201 

was also used for the meta-analysis. In the analysis of the PCSs, the study-specific dose-response 202 

risk was estimated for each category of fermented dairy [yogurt, cheese, fermented milk and total 203 

fermented dairy (when dairy content was not differentiate into various types)) based on the 204 

consumption level of each category. In the analysis of the RCTs, the changes in the mean values 205 
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from the endpoint to initial (baseline) values, as well as the corresponding standard deviations 206 

(SDs), standard errors (SEs) or 95% confidence intervals, were used to calculate the mean 207 

difference with 95% CIs between the intervention and control groups. Specifically, the difference 208 

between the intervention and control groups were calculated by obtaining the differences between 209 

the endpoint value after an intervention and the baseline value. In the PCSs meta-analysis, the 210 

HRs and ORs of the included articles were considered approximations of RRs. The results of the 211 

meta-analysis performed using random-effects inverse-variance weights were compared with 212 

those obtained using fixed-effects inverse-variance weights through sensitivity analyses, and the 213 

results from the primary multivariable model that included most confounders were used. The 214 

results of the meta-analysis of RCTs are expressed as weighted mean differences (WMDs) that are 215 

defined as the difference between the start and finish values. If the SD or SE values were not 216 

specified in the original article describing a RCT, the corresponding author was contacted by 217 

email and asked to provide the missing information (n=7), and if the corresponding author did not 218 

provide this information, the RCT was not included in the meta-analysis (n=7). In the meta-219 

analysis, the between-study heterogeneity was assessed using the Cochran’s Q and I2 statistics, 220 

and I2 values of 25, 50, and 75% were considered to represent low, moderate, and high 221 

heterogeneity, respectively(19). We excluded the RCT studies that included interventions with 222 

low-calorie diets from the meta-analysis. 223 

3. Results 224 

3.1. Study selection 225 

Of the 7,926 articles identified in the databases (PubMed=2,151, SCOPUS=4,781, and Cochrane 226 

Plus=994) and the 3 articles identified from a review of the references of the retrieved articles, 227 

3,433 were excluded for being duplicated studies, and 5,269 were excluded for not meeting the 228 

eligibility criteria. Ultimately, 72 studies (20 PCSs and 52 RCTs) were included in the systematic 229 
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review, with 18 PCSs in a one meta-analysis and 37 RCTs in the other meta-analysis (see Figure 230 

1). 231 

3.2. Study characteristics 232 

The characteristics of the 72 studies, 20 PCSs and 52 RCTs (24 RCTs of probiotic 233 

supplementation added in dairy products and 28 RCTs probiotic supplementation in powder or 234 

capsules) included in the systematic review are presented in Tables 2, 3, 4, 5, 6, 7, 8, and 9. 235 

In the 20 PCSs analyzed, the subjects (men and women) were between 20 and 90 years of age and 236 

presented one of the following outcomes: risk for obesity, T2D, metabolic syndrome, CV 237 

mortality risk, stroke or CHD. The sample size ranged from 1,868 to 409,885 subjects, and the 238 

follow-up duration ranged from 2 to 30 years. The study populations originated from Europe, the 239 

United States and Asia, and the food exposures analyzed in these studies were yogurt, cheese, 240 

fermented milk and total fermented dairy. 241 

In the 52 RCTs analyzed, the subjects (men and women) were between 18 and 75 years old and 242 

presented at least one of the following CMDs: obesity/overweight, T2D, hypercholesterolemia 243 

and metabolic syndrome. The sample size was between 24 and 210 subjects, the intervention 244 

period ranged from 45 days to 24 weeks, and the probiotic doses ranged from 1 × 104 to 27 × 1010 245 

CFU/day. The probiotic strains studied were: L. acidophilus, L. amylovorus, L. bravis, L. 246 

bulgaricus, L. casei, L. curvatus, L. fermentum, L. gasseri, L. helveticus, L. lactis, L. paracasei, L. 247 

plantarum, L. rhamnosus, L. reuteri, L. salivarius, B. lactis, B. breve, B. bifidum, B. longum, B. 248 

infantis, Pediococcus pentosaceus and Streptococcus thermophilus. The populations investigated 249 

in the studies originated from Europe (n=10), Asia (n=35), Oceania (n=1), and North (n=2) and 250 

South (n=4) America. Additionally, in most of the studies, the product used for the intervention 251 

was the same as the control product but without the probiotic, whereas two studies utilized a 252 

different control product [i.e., vegetal cream capsules(20) or magnesium stearate capsules(21)] for 253 
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the control group and administered probiotic capsules to the intervention group. The dairy 254 

matrices studied were yogurt, fermented milk, kefir, cheese and milk. 255 

3.3. Quality and risk of bias of the included studies 256 

A risk of bias assessment was performed for the individual PCSs during the systematic review 257 

(Supplemental Figure 1). All of the included PCSs (n=20) clearly stated the research question, 258 

measured the exposure of interest prior to the outcome, correctly described the exposure and 259 

outcome measures and statistically adjusted for all potential confounding variables. In 19 PCSs, 260 

the study population was clearly specified, the subjects selected were from a similar population, 261 

the timeframe was sufficient, the exposure assessed was more than once over time, and different 262 

levels of the exposure were examined. The participation rate of eligible subjects was at least 50% 263 

in 17 PCSs. Finally, only 8 PCSs correctly described that the loss of follow-up after baseline was 264 

20% or less. The blinding of the outcome assessor was described in only 4 PCSs, and the sample 265 

size justification was not provided in any study. 266 

In the systematic review of RCTs, the risk of bias within the individual studies was assessed 267 

(Supplemental Figure 2). All 52 included RCTs were randomized, and 6 RCT did not correctly 268 

describe the method used for randomization. The allocation concealment of the included articles 269 

was not properly described in 14 studies, and allocation concealment was not performed in 3 270 

RCT. Blinding of both participants and personnel was performed correctly in 46 RCT, but only 17 271 

RCT correctly blinded the outcome assessment. Complete outcome data were not correctly 272 

described in 11 RCT and were selectively reported in 22 RCT, likely because these were 273 

preregistered in a clinical trial registry. In addition, the authors of some of the included RCT 274 

reported conflicts of interest (n=7). 275 

3.4. Meta-analysis of PCSs 276 
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Table 2 shows a summary of the individual information extracted from each PCSs included in the 277 

systematic review that evaluated the relationship of fermented dairy intake with risk for CMD 278 

(CV mortality, stroke, CHD, T2D, obesity, and MetS) (n=20). 279 

Fermented dairy intake and risk for stroke, CHD and CV mortality 280 

The meta-analysis of 3 PCSs(22–24) that evaluated the relationship of fermented milk intake with 281 

stroke, CHD and CV mortality risk development in PCSs resulted in a significant 4% reduction in 282 

risk for stroke, CHD and CV mortality development [RR (95% CI); 0.96 (0.94, 0.98)], and the 283 

heterogeneity between PCR was high (P<0.001, I2=95.9%; Figure 2-A). 284 

The meta-analysis of 4 PCSs(25–28) evaluating the relationships between of yogurt intake and 285 

stroke, CHD and CV mortality risk development did not show significant results (Supplemental 286 

Figure 3-A). 287 

Fermented dairy intake and T2D risk 288 

The meta-analysis of 7 PCSs(28–34) evaluating the relationship of yogurt intake with T2D risk 289 

development resulted in a significant 27% reduction in T2D risk development [RR (95% CI); 0.73 290 

(0.70, 0.76)], and the heterogeneity between PCSs was moderate (P=0.070, I2=57.6%; Figure 291 

2B). 292 

The meta-analysis of 3 PCSs(28,31,35) that evaluated the relationship of cheese intake with T2D 293 

risk development resulted in a significant 24% increase in T2D risk development [RR (95% CI); 294 

1.24 (1.03, 1.49)], and the heterogeneity between PCSs was low (P=0.787, I2=0.0%; Figure 2-C). 295 

The meta-analysis of 3 PCSs(28,31,36) evaluating the relationship between total fermented dairy 296 

intake and T2D risk development did not show significant results (Supplemental Figure 3-B). 297 

Fermented dairy intake and metabolic syndrome risk 298 
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The meta-analysis of 3 PCSs(37–39) that evaluated the relationship of yogurt intake with 299 

metabolic syndrome risk development resulted in a significant 20% reduction in metabolic 300 

syndrome risk development [RR (95% CI); 0.80 (0.74, 0.87)], and the heterogeneity between 301 

PCSs was low (P=0.416, I2=0.0%; Figure 2-D). 302 

 303 

3.5. Meta-analysis of RCTs with dairy matrix on CMDs 304 

Figures 3 and 4 show the forest plot of RCTs of probiotic supplementation added into a dairy 305 

matrix with significant CMD results. Additionally, Table 3, 4, 5 and 6 show a summary of the 306 

individual information extracted from each RCT included in the systematic review that evaluated 307 

the effectiveness of probiotic supplementation added into a dairy matrix on CMDs in subjects 308 

with at least one CMD (obesity, T2D, hypercholesterolemia and metabolic syndrome) (n=24). The 309 

complete information obtained from each study is shown in Supplemental Table 3. 310 

Effects of probiotic supplementation into a dairy matrix on anthropometric parameters in 311 

overweight/obese subjects 312 

The results of the meta-analysis of the 6 RCTs(40–45) that evaluated the effect of probiotic intake 313 

added into a dairy matrix on BMI changes revealed a significant reduction in BMI [WMD (95% 314 

CI); -0.33 (-0.51, -0.16) kg/m2] (Figure 3-A). The probiotic strain that showed a significant 315 

reduction in BMI was L. gasseri SBT2055(44,45), and the heterogeneity between the RCTs was 316 

moderate (P=0.042, I2=56.7%; Figure 3-A). 317 

The meta-analysis results of the 6 RCTs(41–46) that evaluated the effect of probiotic 318 

supplementation added into a dairy matrix on WC changes showed a significant reduction in WC 319 

[WMD (95% CI); -0.49 (-0.68, -0.29) cm] (Figure 3-B). The probiotic strain that showed 320 

significant reduction in WC was L. gasseri SBT2055(44,45), and the heterogeneity between the 321 

RCTs was high (P<0.001, I2=80.5%; Figure 3-B), and the covariate “number of probiotic” (single 322 
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or multiple probiotic) and “duration of intervention” explained 92.9 and 76.3% of the between-323 

study heterogeneity, respectively (Supplemental Table 4). 324 

The meta-analysis of the 5 RCTs(40,42–45) evaluating the effect of probiotic supplementation 325 

added into a dairy matrix on BF changes revealed a significant reduction in BF [WMD (95% CI); 326 

-0.41 (-0.60, -0.21) %] (Figure 3-C). The probiotic strain that presented significant reduction in 327 

BF was L. gasseri SBT2055(44,45), and the heterogeneity between the RCTs was moderate 328 

(P=0.015, I2=67.5%; Figure 3-C). The covariate “duration of intervention” explained 86.5% of 329 

the between-study heterogeneity (Supplemental Table 4). 330 

With respect to BW changes, our meta-analysis of 7 RCTs(40–44,46–48) did not show significant 331 

results (Supplemental Figure 4-A). Regarding BFM, the authors did not have sufficient RCTs to 332 

perform meta-analysis. 333 

Effects of probiotic supplementation into a dairy matrix on diabetic parameters in T2D subjects 334 

Our meta-analysis of the 6 RCTs(40,42,46,48–50) that evaluated the effect of probiotic 335 

supplementation added into a dairy matrix on fasting glucose changes displayed a significant 336 

reduction [WMD (95% CI); -0.37 (-0.58, -0.17) mmol/L] (Figure 3-D). The probiotic strains that 337 

revealed significant reduction in fasting glucose were L. helveticus Cardi04(46), a combination of 338 

L. acidophilus La5 and B. lactis BB12(49), and a combination of L. casei, L. acidophilus and B. 339 

lactis(48). In addition, the heterogeneity between the RCTs was observed to be moderate 340 

(P=0.058, I2=53.1%; Figure 3-D). 341 

The meta-analysis of 6 RCTs(40,42,46,48–50) that evaluated fasting insulin, Hba1C and plasma 342 

CRP did not show significant results (Supplemental Figures 4-B, 4-C and 4-D). 343 

Effects of probiotic supplementation into a dairy matrix on lipid profiles in hypercholesterolemic 344 

subjects 345 
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The meta-analysis of the 4 RCTs(40,42,51,52) evaluating the effect of probiotic supplementation 346 

added into a dairy matrix on total cholesterol changes showed a significant reduction [WMD 347 

(95% CI); -0.46 (-0.73, -0.19) mmol/L] (Figure 4-A). The probiotic strains that yielded 348 

significant reductions in total cholesterol concentrations were L. casei 01(52) and L. casei Shirota 349 

YIT9029(40), and the heterogeneity between the RCTs was low (P=0.696, I2=0.0%; Figure 4-A). 350 

The meta-analysis of the 4 RCTs(40,42,51,52) that evaluated the effect of probiotic 351 

supplementation added into a dairy matrix on LDL-cholesterol changes, exposed a significant 352 

reduction [WMD (95% CI); -0.50 (-0.77, -0.22) mmol/L] (Figure 4-B). The probiotic strains that 353 

showed significant LDL-cholesterol reduction were L. casei 01(52) and L. casei Shirota 354 

YIT9029(40), and the heterogeneity between RCTs was low (P=0.829, I2=0.0%; Figure 4-B). 355 

Our meta-analysis of the 4 RCTs(40,42,51,52) evaluating the effect of probiotic supplementation 356 

added into a dairy matrix on HDL-cholesterol changes demonstrated a significant increase [WMD 357 

(95% CI); 0.26 (0.01, 0.52) mmol/L] (Figure 4-C). The probiotic strains that revealed significant 358 

increases in HDL-cholesterol were L. casei 01(52) and a combination of L. acidophilus La-5 and 359 

B. lactis BB-12(42), and the heterogeneity between the RCTs was moderate (P=0.007, I2=56.3%; 360 

Figure 4-C). 361 

The meta-analysis of the 3 RCTs(40,42,52) that evaluated the effect of probiotic supplementation 362 

added into a dairy matrix on triglyceride changes showed a significant reduction [WMD (95% 363 

CI); -0.46 (-0.75, -0.14) mmol/L] (Figure 4-D). The probiotic strain that showed significant 364 

reduction in triglyceride concentrations was L. casei 01(52), and the heterogeneity between the 365 

RCTs was low (P=0.505, I2=0.0%; Figure 4-D). 366 

3.6. Meta-analysis of RCTs with a capsule/powder matrix on CMD 367 

Figures 5, 6 and 7 show the forest plot of RCTs with capsule/powder matrix with significant 368 

CMD results. Additionally, Table 7, 8, and 9 present a summary of the individual information 369 
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extracted from each RCT included in the systematic review that evaluated the effectiveness of 370 

probiotic supplementation as capsules or powder on CMDs in subjects with at least one CMD 371 

(obesity, T2D, hypercholesterolemia and metabolic syndrome) (n=28). The complete information 372 

obtained from each study is shown in Supplemental Table 5. 373 

Effects of probiotic supplementation with capsules/powder on anthropometric parameters in 374 

overweight/obese subjects 375 

The results of the meta-analysis of the 10 RCTs(20,53–61) that evaluated the effect of probiotic 376 

intake in capsule/powder form on BW changes revealed a significant reduction in BW [WMD (95% 377 

CI); -0.26 (-0.43, -0.09) kg] (Figure 5-A). The probiotic strains that showed significant BW 378 

reduction were L. casei(56), L. gasseri(57) and a combination of L. curvatus and L. plantarum(58). 379 

The heterogeneity between the RCTs was moderate (P=0.002, I2=66.4%; Figure 5-A), and the 380 

covariate “number of probiotic” (single or multiple probiotic) explained 84% of the between-study 381 

heterogeneity (Supplemental Table 6). 382 

The results of the meta-analysis of the 12 RCTs(20,55,64,65,56–63) that evaluated the effect of 383 

probiotic intake in capsule/powder form on BMI changes revealed a significant reduction in BMI 384 

[WMD (95% CI); -0.35 (-0.48, -0.22) kg/m2] (Figure 5-B). The probiotic strains that showed 385 

significant BMI reduction were L. casei(56), L. gasseri(57), Pediococcus pentosaceus LP28(65) 386 

and a combination of L. curvatus and L. plantarum(58). In addition, the heterogeneity between 387 

theRCTs was moderate (P=0.076, I2=36.7%; Figure 5-B). 388 

The meta-analysis results of the 9 RCTs(54–59,62,63,65) evaluating the effect of probiotic intake 389 

in capsule/powder form on WC changes showed a significant reduction in WC [WMD (95% CI); 390 

-0.37 (0.52, -0.21) cm] (Figure 5-C). The probiotic strains that revealed significant WC reduction 391 

were L. casei(56), Ecologic Barrier®(63), Danisco®(59), Pediococcus pentosaceus LP28(65) and 392 

L. gasseri(57). The heterogeneity between the RCTs was moderate (P=0.015, I2=53.0%; Figure 393 
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5-C), and the covariate “number of probiotic” (single or multiple probiotic) explained 83.1% of 394 

the between-study heterogeneity (Supplemental Table 6). 395 

The meta-analysis of the 5 RCTs(20,59,61–63,65) that evaluated the effect of probiotic intake in 396 

capsule/powder form on BFM changes revealed a significant reduction in BFM [WMD (95% CI); 397 

-0.30 (-0.48, -0.12) kg] (Figure 5-D). The probiotic strains that showed significant reduction in 398 

BFM were Pediococcus pentosaceus LP28(65) and B. breve(61), and the heterogeneity between 399 

the RCTs was moderate (P=0.016, I2=59.3%; Figure 5-D). 400 

The meta-analysis of the 3 RCTs(58,62,63) evaluating the effect of probiotic intake in 401 

capsule/powder form on VAF changes revealed a significant reduction in VAF [WMD (95% CI); 402 

-0.42 (-0.63, -0.21) kg] (Figure 6-A). The probiotic strains that showed significant reduction in 403 

VAF were a combination of L. curvatus and L. plantarum(58), and the heterogeneity between the 404 

RCTs was high (P<0.001, I2=85.6%; Figure 6-A). 405 

Our meta-analysis of the 3 RCTs(58,62,63) that evaluated the effect of probiotic intake in 406 

capsule/powder form on SCFA changes revealed a significant reduction in SCFA [WMD (95% 407 

CI); -0.36 (-0.57, -0.14) kg] (Figure 6-B). The probiotic strain that showed significant reduction 408 

in SCFA was a combination of L. curvatus and L. plantarum(58), and the heterogeneity between 409 

the RCTs was high (P<0.001, I2=95.3%; Figure 6-B). The covariate “number of probiotic” 410 

(single or multiple probiotic) explained 90.4% of the between-study heterogeneity (Supplemental 411 

Table 6). 412 

With respect to BF changes, our meta-analysis of 5 RCTs(58,61–63,65) did not show significant 413 

results (Supplemental Figure 5). 414 

Effects of probiotic supplementation with capsule/powder on diabetic parameters in T2D subjects 415 

The results of the meta-analysis of the 9 RCTs(21,53,55,56,60,66–69) evaluating the effect of 416 

probiotic intake in capsule/powder form displayed a significant fasting glucose reduction [WMD 417 
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(95% CI); -0.28 (-0.45, -0.12) mmol/L] (Figure 6-C). The probiotic strains that showed fasting 418 

glucose reduction were L. casei(56), a combination of L. acidophilus, L. casei, L. rhamnosus, L. 419 

bulgaricus, L. breve, L. longum and S. thermophilus(66) or a combination of B. bifidum, L. casei 420 

and L. acidophilus(67). In addition, the heterogeneity between the RCTs was observed to be 421 

moderate (P=0.093, I2=36.9%; Figure 6-C). 422 

The meta-analysis of the 8 RCTs(21,53,56,60,66–69) that evaluated the effect of probiotic intake 423 

in capsule/powder form on HOMA-IR changes displayed a significant reduction [WMD (95% 424 

CI); -0.29 (-0.47, -0.12)] (Figure 6-D). The probiotic strains that revealed significant HOMA-IR 425 

reduction were Ecologic Barrier®(53), a combination of L. acidophilus, B. lactis, B. bifidum and 426 

B. longum(68), a combination of B. bifidum, L. casei and L. acidophilus(67) and a combination of 427 

L. acidophilus, L. casei, L. lactis, B. bifidum, B. longum and B. infantis(60). In addition, and the 428 

he heterogeneity between the RCTs was found to be moderate (P=0.041, I2=50.3%; Figure 6-D). 429 

The meta-analysis of the 5 RCTs(55,56,60,68,69) evaluating the effect of probiotic intake in 430 

capsule/powder form on HbA1c changes displayed a significant reduction [WMD (95% CI); -0.27 431 

(-0.48, -0.05) %] (Figure 7-A). The probiotic strains that showed significant reduction in HbA1c 432 

were L. reuteri ADR-1(69), L. reuteri ADR-3(69) and a combination of L. acidophilus, L. casei, 433 

L. lactis, B. bifidum, B. longum and B. infantis(60). In addition, the heterogeneity between the 434 

RCTs was found to be moderate (P=0.186, I2=33.3%; Figure 7-A). 435 

Our meta-analysis of the 9 RCTs(21,53,55,56,60,66–69) that evaluated the effect of probiotic 436 

intake in capsule/powder form on fasting insulin changes displayed a significant reduction [WMD 437 

(95% CI); -0.17 (-0.34, -0.00) mmol/L] (Figure 7-B). The probiotic strains that yielded significant 438 

reduction in fasting insulin were L. casei(56), a combination of B. bifidum, L. casei and L. 439 

acidophilus(67) and a combination of L. acidophilus, L. casei, L. lactis, B. bifidum, B. longum and 440 

B. infantis(60). The heterogeneity between the RCTs was observed to be moderate (P=0.005, 441 
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I2=61.7%; Figure 7-B), and the covariates “number of probiotic” (single or multiple probiotic) 442 

and “duration of intervention” explained 80.3 and 79.3% of the between-study heterogeneity, 443 

respectively (Supplemental Table 6). 444 

The meta-analysis of plasma CRP in 4 RCTs(21,60,67,69) did not show significant results 445 

(Supplemental Figure 6-A). 446 

Effects of probiotic supplementation with capsule/powder on lipid profile in hypercholesterolemic 447 

subjects 448 

The meta-analysis of the 5 RCTs(70–74) evaluating the effect of probiotic intake in 449 

capsule/powder form on total cholesterol changes, showed a significant reduction [WMD (95% 450 

CI); -0.37 (-0.53, -0.20) mmol/L] (Figure 7-C). The probiotic strains that yielded significant 451 

results were L. plantarum(71), L. reuteri(74) and a combination of L. acidophilus and L. 452 

bifidum(73). The heterogeneity between the RCTs was high (P<0.001, I2=88.1%; Figure 7-C), 453 

and the covariate “number of probiotic” (single or multiple probiotic) explained 97.5% of the 454 

between-study heterogeneity (Supplemental Table 6). 455 

The meta-analysis of the 5 RCTs(70–74) that evaluated the effect of probiotic intake in 456 

capsule/powder form on LDL-cholesterol changes exposed a significant reduction [WMD (95% 457 

CI); -0.33 (-0.49, -0.16) mmol/L] (Figure 7-D). The probiotic strains that showed significant 458 

results were L. plantarum(71), L. reuteri(74) and a combination of L. acidophilus and L. 459 

bifidum(73). The heterogeneity between the studies was high (P<0.001, I2=82.8%; Figure 7-D), 460 

and the covariate “number of probiotic” (single or multiple probiotic) explained 96% of the 461 

between-study heterogeneity (Supplemental Table 6). 462 

The meta-analysis of HDL-cholesterol in 5 RCTs(70–74) did not show significant results 463 

(Supplemental Figure 6-B). 464 
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Supplemental Table 7 shows the levels of evidence provided by the RCTs, supporting the results 465 

obtained in the systematic review and meta-analysis on the consumption of probiotics and CMD. 466 

4. Discussion 467 

The results of our meta-analysis of PCSs showed that the consumption of fermented milk was 468 

associated with a reduced risk for stroke, CHD and CV mortality events and that yogurt 469 

consumption was associated with a reduced risk for development of T2D and metabolic syndrome. 470 

Furthermore, the results of our meta-analysis of RCTs studying the effects of probiotic 471 

supplementation added into a dairy matrix and into capsules/powder form showed a reduction in 472 

various anthropometric parameters in obese and overweight subjects. Additionally, an improvement 473 

of the lipid profile in hypercholesterolemic subjects with probiotic supplementation added into a 474 

dairy matrix and, a reduction in fasting glucose in T2D subjects with probiotic supplementation 475 

added into a dairy matrix, and supplementation with capsules/powder form showed significant 476 

results for more diabetes biomarkers. 477 

The reduced risk for stroke, CHD and CV mortality associated to fermented milk in the meta-478 

analysis of PCSs are in concordance with a systematic review of observational studies that also 479 

showed a favorable association between fermented milk consumption and stroke risk (12). 480 

Moreover, the finding of our meta-analysis that yogurt consumption associated with a reduced risk 481 

for T2D risk development in the general population is in agreement with previous results described 482 

in various narrative reviews that explained the possible mechanisms involved(75–77). In addition, 483 

our meta-analysis of PCSs showed that yogurt intake is associated with a reduced risk of metabolic 484 

syndrome development in the general population. In agreement with these results, another 485 

systematic review of PCSs, published in 2016, suggested a reduction in the risk for metabolic 486 

syndrome development with yogurt consumption(78). Nevertheless, the meta-analyses of 3 PCSs 487 

showed that cheese consumption resulted in an increase of 24% in T2D risk development. Similarly, 488 
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in another meta-analysis of 2 PCSs, cheese intake was associated with a 5% higher T2D risk (79). 489 

However, these meta-analysis results should be interpreted with caution due to the heterogeneity of 490 

the PCSs. 491 

Our meta-analysis of RCTs verified the effectiveness of probiotic supplementation added into a 492 

dairy matrix in that only fasting glucose levels were significantly reduced by the consumption of 493 

probiotic concentrations of 3.7 × 106 and 1 × 1011 CFU for at least 4 weeks in T2D subjects. In 494 

addition, the probiotic strains L. helveticus Cardi04(46), a combination of L. acidophilus La5 and 495 

B. lactis BB12(49), and a combination of L. casei, L. acidophilus and B. lactis(48) appear to be the 496 

most effective probiotic strains. In comparison, probiotic supplementation with capsules/powder 497 

produced a reduction in all diabetic biomarkers analyzed in T2D subjects when consuming L. 498 

casei(56), Ecologic® Barrier(53), a combination of B. bifidum, L. casei and acidophilus(67), a 499 

combination of B. bifidum, B. longum, B. infantis, L. casei, L. acidophilus, and L. lactis(60) at a 500 

concentration of 1 × 108 to 6 × 1010 CFU for minimum treatment duration of 8 weeks. In the meta-501 

analysis, capsules and powder form of probiotic supplementation appear to be more effective than 502 

probiotic supplementation added into a dairy matrix to reduce more diabetic biomarkers in subjects 503 

with T2D. In accordance with our RCT meta-analysis results, a previous meta-analysis(80) also 504 

observed a significant decrease in fasting glucose in T2D subjects who consumed probiotics in 505 

different forms, such as yogurt, capsules or bread for at least 8 weeks. In addition, another meta-506 

analysis showed a reduction in serum CRP levels by consuming probiotics, whereas our analysis 507 

did not show significant results(81). Notably, all RCT probiotic interventions were performed with 508 

a mix of probiotics, except one; for this reason, the authors cannot assess whether a single probiotic 509 

is more effective than a mix of probiotics on reducing T2D biomarkers. 510 

The reduction in anthropometric biomarkers in obese subjects by probiotic supplementation added 511 

into a dairy matrix appear to be the most effective with L. acidophilus with B. lactis BB12(49) and 512 

L. gasseri SBT2055(44,45) at a concentration of 1 × 107 to 1 × 1011 CFU and when consumed for 513 
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at least 12 weeks. In comparison, probiotic supplementation with capsules/powder also produces a 514 

reduction in anthropometric parameters in obese subjects with the consumption of L. casei(56), P. 515 

pentosaceus LP28(65), L. gasseri BNR17(57) and a combination of L. curvatus and L. plantarum 516 

at a probiotic concentration of 1 × 108 to 1 × 1011 CFU for at least 8 weeks. In agreement with these 517 

results, a previous meta-analyses of 15 RCTs showed in a significantly larger reduction in body 518 

weight, BMI and fat percentage(14). Moreover, it has become evident that a RCT intervention with 519 

a single probiotic strain is more effective than a combination of probiotics, whereas no specific 520 

matrix (dairy or capsules/powder) was more effective than the other for a reduction in 521 

anthropometric parameters in overweight/obese subjects. Importantly, although a small but 522 

significant reduction in all anthropometric parameters was observed, the clinical relevance of 523 

probiotic supplements, when added into a dairy matrix or taken in capsules/powder form, can add 524 

to the effectiveness of other measures and/or treatments for obesity but remains to be determined. 525 

Importantly, the combination of probiotic intake with a low-calorie diet was a more effective 526 

treatment for reducing anthropometric parameters than probiotics or diet alone(82–84). Thus, the 527 

synergistic effect of probiotic intake with a low-calorie diet could represent a new strategy for 528 

treating obesity and can improve the results obtained with the currently recommended lifestyle 529 

treatments. The effects of probiotic supplementation added into a dairy matrix showed reductions 530 

in all lipid biomarkers evaluated in hypercholesterolemic subjects. L. casei Shirota YIT9029(40), 531 

L. casei(52) and a combination of L. acidophilus and B. lactis BB12(42) appeared to be the most 532 

effective probiotic strains when used at an amount of 3.7 × 106 to 1 × 1011 CFU during a least 28 533 

days of intervention. The effectiveness of probiotic supplementation with capsules/powder 534 

produced a low reduction, while only total cholesterol and LDL-cholesterol showed a significant 535 

reduction with the consumption of probiotic strains L. plantarum(71), L. reuteri(74) and a 536 

combination of L. acidophilus and L. bifidum(73) at a concentration of 2.9 × 109 to 1 × 1010 CFU 537 

during at least 6 weeks of intervention. In accordance with our results, other meta-analysis 538 
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performed (85) showed a significant reduction in total cholesterol and LDL-cholesterol in 539 

individuals with hypercholesterolemia after L. acidophilus supplementation for at least 8 weeks. 540 

Notably, the significant reduction in serum total cholesterol (reduction of 1.4 to 11.87%) and 541 

LDL-cholesterol (reduction of 2.20 to 22.5%) levels induced by probiotic supplementation added 542 

into a dairy matrix observed in this study are similar to an observed 8-12% decrease in LDL-543 

cholesterol caused by 2 g of plant sterols and stanols or the 5 to 10% decrease caused by  garlic 544 

intake at a dose of 6 g/day (depending on the percentage of allicin)(86,87).  545 

Furthermore, the administration of probiotic strains provided in dairy matrices in combination 546 

with the recommended treatments to reduce hypercholesterolemia, such as a low-saturated fat 547 

diet, result in better cholesterol reduction than without probiotics consumption (88). Moreover, it 548 

has become evident that probiotic supplementation into a dairy matrix appears to be more 549 

effective than supplementation with capsules or powder for the reduction in lipid biomarkers in 550 

hypercholesterolemic subjects, and both specific treatments (a single probiotic or a combination) 551 

appear to have similar effectiveness. 552 

In T2D subjects, the proposed mechanism through which probiotics can influence glucose 553 

metabolism, can occur through modulation of the gut microbiome, which increases the levels of 554 

glucagon-like peptide-1 (GLP-1)(89), and though stimulation of the production of short-chain 555 

fatty acids, which promotes the secretion of GLP-1 in obese subjects(90). GLP-1 impairment may 556 

contribute to an increase in appetite and faster gastric emptying, which often accompany 557 

obesity(91). In obesity, the decrease in VAF obtained through the use of probiotics could involve 558 

the production of specific molecules that interfere with certain metabolites, such as conjugated 559 

linoleic acid (CLA) (92). With respect to lipid profile modulation, probiotic intake could increase 560 

short-chain fatty acid production in the gut (93,94), which would induce a decrease in the 561 

synthesis of hepatic cholesterol and promote a redistribution of cholesterol from the blood to the 562 
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liver(95). Moreover, probiotics are considered generally safe, but as Cicero et al.(86) and 563 

Sahebkar et al.(93) described, with interventional study data, we do not have enough data to 564 

describe the safety of each probiotic. 565 

Our systematic review and meta-analysis have several strengths and limitations. The most 566 

important strength of this systematic review and meta-analysis is that they constitute the first 567 

simultaneous evaluation of PCSs investigating the relationship between fermented dairy intake 568 

and risk for CMD and RCTs investigating the effects of probiotic supplementation added into a 569 

dairy matrix on the reduction in CMD parameters and compare their effects with probiotic 570 

supplementation with capsules/powder. As limitations, we have the inclusion of studies with 571 

different intervention durations, monitoring approaches, supplementation methods and product 572 

doses administered and the high heterogeneity of the populations. Another limitation is that after 573 

removing the PCSs in which the authors did not specify that cheeses were fermented foods, other 574 

potential risks of bias exist because we cannot confirm that all fermented dairy foods consumed in 575 

the included PCSs contain probiotics. Thus, the association between fermented dairy intake and 576 

benefits on CMD can only be speculated. Moreover, hypertension, another major CMD, was not 577 

investigated because of the small number of related studies that were identified. Finally, the 578 

authors have not reported information in the results section regarding “regular fermented dairy 579 

intake and risk for stroke, CHD and CV mortality” and “regular fermented dairy intake and risk 580 

for obesity” because there are not sufficient articles (at least 3 PCSs) to perform meta-analyses. 581 

In summary, in PCSs, fermented milk consumption is associated with reduced cardiovascular risk, 582 

while yogurt intake is associated with a reduced risk for T2D and metabolic syndrome development, 583 

thus reducing the risk of a pandemic increase in CV disease, T2D and metabolic syndrome in 584 

general population. Moreover, in RCTs, probiotic supplementation added into a dairy matrix could 585 

be indicated for the reduction of lipids and anthropometric parameters. Additionally, probiotic 586 

capsule/powder supplementation could contribute to T2D management and reduce anthropometric 587 
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parameters. Thus, for subjects with CMD, the addition of probiotics to recommended traditional 588 

therapies can lead to new perspectives regarding the management of CMDs, whereas the appropriate 589 

probiotic strain type, dose and treatment duration period remain to be determined. However, the 590 

results should be interpreted with caution due to the high heterogeneity studies and the different 591 

probiotic strains used in the studies. 592 

Perspectives  593 

After this systematic review and meta-analyses there are a few questions that can be considered 594 

for future investigations. First, it is not clear why yogurt consumption had a different association 595 

with CMD risk than cheese consumption. Are yogurt probiotic strains better than cheese? Is the 596 

observed difference being due to the fat composition? Or there is another reason? Secondly, 597 

because results lead us to specific strains for which few studies are available, it may be interesting 598 

in the future to compare the effects with specific strains by RCT to supply information and 599 

increase the number of studies that have evaluated the same probiotic strain. Ultimately, in the 600 

present work, the authors have evaluated if the type of probiotic supplementation (into a dairy 601 

matrix or powder/capsules) have more effects than the other without considering the dose, and 602 

more studies are needed to confirm the dose efficacy of each supplementation. 603 
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Figure Legends 617 

Figure 1. PRISMA flowchart of the systematic review and meta-analysis. 618 

Figure 2. Forest plot of meta-analysis of observational studies that assess the relationship 619 

between fermented dairy intake and cardiometabolic diseases. A: Fermented milk intake and 620 

risk for stroke, CHD and cardiovascular mortality (P<0.001); B: yogurt intake and risk for type 2 621 

diabetes development (P<0.001); C: cheese intake and risk for type 2 diabetes development 622 

(P=0.023); D: yogurt intake and risk for metabolic syndrome development (P<0.001). CHD, 623 

coronary heart disease; CV, cardiovascular; RR, relative risk, CI, confidence interval. 624 

Figure 3. Forest plot of meta-analysis of randomized controlled trials that assess the effect of 625 

probiotic supplementation into a dairy matrix and anthropometric parameters on 626 

overweight and obese subjects and on diabetic biomarkers in subjects with type 2 diabetes. 627 

A: Body mass index changes (P<0.001); B: waist circumference changes (P<0.001); C: body fat 628 

changes (P<0.001); D: fasting glucose changes (P<0.001). BMI, body mass index; WC, waist 629 

circumference; BF, body fat; RR, relative risk; CI, confidence interval. 630 

Figure 4. Forest plot of meta-analysis of randomized controlled trials that assess the effect of 631 

probiotic supplementation into a dairy matrix and on lipid biomarkers in 632 

hypercholesterolemic subjects. A: Total cholesterol changes (P<0.001); B: LDL-cholesterol 633 

changes (P<0.001). C: HDL-cholesterol changes (P=0.040); D: triglyceride changes (P=0.004). 634 
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LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG, triglycerides; RR, relative risk; 635 

CI, confidence interval. 636 

Figure 5. Forest plot of meta-analysis of randomized controlled trials that assess the effect of 637 

probiotic supplementation with capsules/powder on anthropometric parameters in 638 

overweight and obese subjects. A: Body weight changes (P=0.002); B: body mass index changes 639 

(P<0.001); C: waist circumference changes (P<0.001); D: body fat mass changes (P=0.001); BW, 640 

body weight; BMI, body mass index; WC, waist circumference; BFM, body fat mass; RR, relative 641 

risk; CI, confidence interval. 642 

Figure 6. Forest plot of meta-analysis of randomized controlled trials that assess the effect of 643 

probiotic supplementation with capsules/powder on anthropometric parameters in 644 

overweight and obese subjects or in type 2 diabetes biomarkers. A: visceral fat area changes 645 

(P<0.001); B: subcutaneous fat area changes (P=0.001); C: Fasting glucose changes (P=0.001); D: 646 

HOMA-IR changes (P=0.001). CI, confidence interval; HOMA-IR, homeostatic model assessment 647 

index; SCFA: subcutaneous fat area; VAF, visceral fat area; RR, relative risk. 648 

Figure 7. Forest plot of meta-analysis of randomized controlled trials that assess the effect of 649 

probiotic supplementation with capsules/powder on diabetic biomarkers in subjects with 650 

type 2 diabetes and lipid biomarkers in hypercholesterolemic subjects. A: HbA1c changes 651 

(P=0.015); B: fasting insulin changes (P=0.044); C: total cholesterol changes (P<0.001); D: LDL-652 

cholesterol changes (P<0.001). CI, confidence interval; HbA1c: glycated hemoglobin; LDL, low-653 

density lipoprotein; RR, relative risk.  654 



28 of 61 
 

References  

1.  Guo F, Moellering DR, Garvey WT. The progression of cardiometabolic disease: 655 

Validation of a new cardiometabolic disease staging system applicable to obesity. Obesity. 656 

2014;  657 

2.  World Health Organization. WHO | Cardiovascular diseases (CVDs). WHO [Internet]. 658 

World Health Organization; 2018 [cited 2018 May 23]; Available from: 659 

http://www.who.int/cardiovascular_diseases/en/ 660 

3.  World Heart Federation. Cardiovascular disease risk factors - Hypertension | World Heart 661 

Federation [Internet]. 2015 [cited 2018 May 23]. Available from: http://www.world-heart-662 

federation.org/cardiovascular-health/cardiovascular-disease-risk-factors/hypertension/ 663 

4.  Mottillo S, Filion KB, Genest J, Joseph L, Pilote L, Poirier P, Rinfret S, Schiffrin EL, 664 

Eisenberg MJ. The metabolic syndrome and cardiovascular risk: A systematic review and 665 

meta-analysis. J Am Coll Cardiol. Elsevier Inc.; 2010;56:1113–32.  666 

5.  Olveira G, González-Molero I. Actualización de probióticos, prebióticos y simbióticos en 667 

nutrición clínica. Endocrinologia y Nutricion. 2016. p. 482–94.  668 

6.  Kechagia M, Basoulis D, Konstantopoulou S, Dimitriadi D, Gyftopoulou K, Skarmoutsou 669 

N, Fakiri EM. Health benefits of probiotics: a review. ISRN Nutr [Internet]. Hindawi; 2013 670 

[cited 2019 Feb 4];2013:481651. Available from: 671 

http://www.ncbi.nlm.nih.gov/pubmed/24959545 672 

7.  Heller KJ. Probiotic bacteria in fermented foods: product characteristics and starter 673 

organisms. Am J Clin Nutr [Internet]. 2001 [cited 2019 Feb 4];73:374s-379s. Available 674 

from: http://www.ncbi.nlm.nih.gov/pubmed/11157344 675 

8.  Kok CR, Hutkins R. Yogurt and other fermented foods as sources of health-promoting 676 



29 of 61 
 

bacteria. Nutr Rev. 2018;  677 

9.  Ranadheera CS, Vidanarachchi JK, Rocha RS, Cruz AG, Ajlouni S. Probiotic delivery 678 

through fermentation: Dairy vs. non-dairy beverages. Fermentation. 2017;  679 

10.  Marco ML, Heeney D, Binda S, Cifelli CJ, Cotter PD, Foligné B, Gänzle M, Kort R, Pasin 680 

G, Pihlanto A, et al. Health benefits of fermented foods: microbiota and beyond. Current 681 

Opinion in Biotechnology. 2017.  682 

11.  Wu L, Sun D. Consumption of yogurt and the incident risk of cardiovascular disease: A 683 

meta-analysis of nine cohort studies. Nutrients. 2017.  684 

12.  Drouin-Chartier J-P, Brassard D, Tessier-Grenier M, Côté JA, Labonté M-È, Desroches S, 685 

Couture P, Lamarche B. Systematic Review of the Association between Dairy Product 686 

Consumption and Risk of Cardiovascular-Related Clinical Outcomes. Adv Nutr An Int Rev 687 

J. 2016;7:1026–40.  688 

13.  Seganfredo FB, Blume CA, Moehlecke M, Giongo A, Casagrande DS, Spolidoro JVN, 689 

Padoin A V., Schaan BD, Mottin CC. Weight-loss interventions and gut microbiota 690 

changes in overweight and obese patients: a systematic review. Obes Rev. 2017;18:832–51.  691 

14.  Borgeraas H, Johnson LK, Skattebu J, Hertel JK, Hjelmesaeth J. Effects of probiotics on 692 

body weight, body mass index, fat mass and fat percentage in subjects with overweight or 693 

obesity: a systematic review and meta-analysis of randomized controlled trials. Obes Rev. 694 

2018;19:219–32.  695 

15.  Park S, Bae J-H. Probiotics for weight loss: a systematic review and meta-analysis. Nutr 696 

Res. 2015;35:566–75.  697 

16.  Hampe CS, Roth CL. Probiotic strains and mechanistic insights for the treatment of type 2 698 

diabetes. Endocrine. 2017;58:207–27.  699 



30 of 61 
 

17.  He J, Zhang F, Han Y. Effect of probiotics on lipid profiles and blood pressure in patients 700 

with type 2 diabetes. Medicine (Baltimore). 2017;96:e9166.  701 

18.  Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JPA, Clarke M, 702 

Devereaux PJ, Kleijnen J, Moher D. The PRISMA statement for reporting systematic 703 

reviews and meta-analyses of studies that evaluate health care interventions: explanation 704 

and elaboration. Journal of clinical epidemiology. 2009.  705 

19.  Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-706 

analyses. BMJ  Br Med J. 2003;327:557–60.  707 

20.  Chung HJ, Yu JG, Lee IA, Liu MJ, Shen YF, Sharma SP, Jamal MAHM, Yoo JH, Kim HJ, 708 

Hong ST. Intestinal removal of free fatty acids from hosts by Lactobacilli for the treatment 709 

of obesity. FEBS Open Bio. 2016;6:64–76.  710 

21.  Mazloom Z, Yousefinejad A, Dabbaghmanesh MH. Effect of probiotics on lipid profile, 711 

glycemic control, insulin action, oxidative stress, and inflammatory markers in patients 712 

with type 2 diabetes: A clinical trial. Iran J Med Sci. Department of Nutrition, School of 713 

Health and Nutrition, Shiraz University of Medical Sciences, Shiraz, Iran; 2013;38:38–43.  714 

22.  Sonestedt E, Wirfalt E, Wallstrom P, Gullberg B, Orho-Melander M, Hedblad B. Dairy 715 

products and its association with incidence of cardiovascular disease: the Malmo diet and 716 

cancer cohort. Eur J Epidemiol. Netherlands; 2011;26:609–18.  717 

23.  Johansson I, Esberg A, Nilsson LM, Jansson JH, Wennberg P, Winkvist A. Dairy product 718 

intake and cardiometabolic diseases in Northern Sweden: A 33-year prospective cohort 719 

study. Nutrients. 2019;  720 

24.  Goldbohm RA, Chorus AMJ, Galindo Garre F, Schouten LJ, van den Brandt PA. Dairy 721 

consumption and 10-y total and cardiovascular mortality: a prospective cohort study in the 722 



31 of 61 
 

Netherlands. Am J Clin Nutr. United States; 2011;93:615–27.  723 

25.  Dehghan M, Mente A, Rangarajan S, Sheridan P, Mohan V, Iqbal R, Gupta R, Lear S, 724 

Wentzel-Viljoen E, Avezum A, et al. Association of dairy intake with cardiovascular 725 

disease and mortality in 21 countries from five continents (PURE): a prospective cohort 726 

study. Lancet [Internet]. 2018;392:2288–97. Available from: 727 

https://www.scopus.com/inward/record.uri?eid=2-s2.0-728 

85053209413&doi=10.1016%2FS0140-6736%2818%2931812-729 

9&partnerID=40&md5=33cc849fe2b84ceaf242c2cbf755324f 730 

26.  Farvid MS, Malekshah AF, Pourshams A, Poustchi H, Sepanlou SG, Sharafkhah M, 731 

Khoshnia M, Farvid M, Abnet CC, Kamangar F, et al. Dairy Food Intake and All-Cause, 732 

Cardiovascular Disease, and Cancer Mortality: The Golestan Cohort Study. Am J 733 

Epidemiol. United States; 2017;185:697–711.  734 

27.  Praagman J, Franco OH, Ikram MA, Soedamah-Muthu SS, Engberink MF, van Rooij FJA, 735 

Hofman A, Geleijnse JM. Dairy products and the risk of stroke and coronary heart disease: 736 

the Rotterdam Study. Eur J Nutr. Germany; 2015;54:981–90.  737 

28.  Soedamah-Muthu SS, Masset G, Verberne L, Geleijnse JM, Brunner EJ. Consumption of 738 

dairy products and associations with incident diabetes, CHD and mortality in the Whitehall 739 

II study. Br J Nutr. England; 2013;109:718–26.  740 

29.  Jeon J, Jang J, Park K. Effects of consuming calcium-rich foods on the incidence of type 2 741 

diabetes mellitus. Nutrients. 2019;  742 

30.  Hruby A, Ma J, Rogers G, Meigs JB, Jacques PF. Associations of Dairy Intake with 743 

Incident Prediabetes or Diabetes in Middle-Aged Adults Vary by Both Dairy Type and 744 

Glycemic Status. J Nutr. United States; 2017;147:1764–75.  745 



32 of 61 
 

31.  Díaz-López A, Bulló M, Martínez-González MA, Corella D, Estruch R, Fitó M, Gómez-746 

Gracia E, Fiol M, García de la Corte FJ, Ros E, et al. Dairy product consumption and risk 747 

of type 2 diabetes in an elderly Spanish Mediterranean population at high cardiovascular 748 

risk. Eur J Nutr. Human Nutrition Unit, IISPV, Universitat Rovira i Virgili, C/Sant Llorenç 749 

21, Reus, Tarragona, Spain; 2016;55:349–60.  750 

32.  Chen M, Sun Q, Giovannucci E, Mozaffarian D, Manson JAE, Willett WC, Hu FB. Dairy 751 

consumption and risk of type 2 diabetes: 3 cohorts of US adults and an updated meta-752 

analysis. BMC Med. 2014;  753 

33.  Grantham NM, Magliano DJ, Hodge A, Jowett J, Meikle P, Shaw JE. The association 754 

between dairy food intake and the incidence of diabetes in Australia: the Australian 755 

Diabetes Obesity and Lifestyle Study (AusDiab). Public Health Nutr. 2013;16:339–45.  756 

34.  Margolis KL, Wei F, de Boer IH, Howard B V, Liu S, Manson JE, Mossavar-Rahmani Y, 757 

Phillips LS, Shikany JM, Tinker LF. A diet high in low-fat dairy products lowers diabetes 758 

risk in postmenopausal women. J Nutr. United States; 2011;141:1969–74.  759 

35.  Struijk EA, Heraclides A, Witte DR, Soedamah-Muthu SS, Geleijnse JM, Toft U, Lau CJ. 760 

Dairy product intake in relation to glucose regulation indices and risk of type 2 diabetes. 761 

Nutr Metab Cardiovasc Dis. Netherlands; 2013;23:822–8.  762 

36.  Ericson U, Hellstrand S, Brunkwall L, Schulz C-A, Sonestedt E, Wallstrom P, Gullberg B, 763 

Wirfalt E, Orho-Melander M. Food sources of fat may clarify the inconsistent role of 764 

dietary fat intake for incidence of type 2 diabetes. Am J Clin Nutr. United States; 765 

2015;101:1065–80.  766 

37.  Kim D, Kim J. Dairy consumption is associated with a lower incidence of the metabolic 767 

syndrome in middle-aged and older Korean adults: the Korean Genome and Epidemiology 768 

Study (KoGES). Br J Nutr. England; 2017;117:148–60.  769 



33 of 61 
 

38.  Babio N, Becerra-Tomas N, Martinez-Gonzalez MA, Corella D, Estruch R, Ros E, Sayon-770 

Orea C, Fito M, Serra-Majem L, Aros F, et al. Consumption of Yogurt, Low-Fat Milk, and 771 

Other Low-Fat Dairy Products Is Associated with Lower Risk of Metabolic Syndrome 772 

Incidence in an Elderly Mediterranean Population. J Nutr [Internet]. 2015;145:2308–16. 773 

Available from: http://jn.nutrition.org/cgi/doi/10.3945/jn.115.214593 774 

39.  Sayón-Orea C, Bes-Rastrollo M, Martí A, Pimenta AM, Martín-Calvo N, Martínez-775 

González MA. Association between yogurt consumption and the risk of Metabolic 776 

Syndrome over 6 years in the SUN study Disease epidemiology - Chronic. BMC Public 777 

Health [Internet]. Department of Preventive Medicine and Public Health, University of 778 

Navarra, Pamplona, Spain; 2015;15. Available from: 779 

https://www.scopus.com/inward/record.uri?eid=2-s2.0-780 

84938994426&doi=10.1186%2Fs12889-015-1518-781 

7&partnerID=40&md5=9942860b4278ad7bd133076b694815bc 782 

40.  Naito E, Yoshida Y, Kunihiro S, Makino K, Kasahara K, Kounoshi Y, Aida M, Hoshi R, 783 

Watanabe O, Igarashi T, et al. Effect of Lactobacillus casei strain Shirota-fermented milk 784 

on metabolic abnormalities in obese prediabetic Japanese men: A randomised, double-785 

blind, placebo-controlled trial. Biosci Microbiota, Food Heal [Internet]. 2018;37:9–18. 786 

Available from: https://www.scopus.com/inward/record.uri?eid=2-s2.0-787 

85048528524&doi=10.12938%2Fbmfh.17-788 

012&partnerID=40&md5=b90393d102bf9b05e04f6793e9d7bac6 789 

41.  Madjd A, Taylor MA, Mousavi N, Delavari A, Malekzadeh R, Macdonald IA, Farshchi 790 

HR. Comparison of the effect of daily consumption of probiotic compared with low-fat 791 

conventional yogurt on weight loss in healthy obese women following an energy-restricted 792 

diet: A randomized controlled trial. Am J Clin Nutr. 2016;103:323–9.  793 



34 of 61 
 

42.  Mohamadshahi M, Veissi M, Haidari F, Javid AZ, Mohammadi F, Shirbeigi E. Effects of 794 

probiotic yogurt consumption on lipid profile in type 2 diabetic patients: A randomized 795 

controlled clinical trial. J Res Med Sci. 2014;19:531–6.  796 

43.  Mohamadshahi M, Veissi M, Haidari F, Shahbazian H, Kaydani G-A, Mohammadi F. 797 

Effects of probiotic yogurt consumption on inflammatory biomarkers in patients with type 798 

2 diabetes. BioImpacts. Hyperlipidemia Research Center, Ahvaz Jundishapur University of 799 

Medical Sciences, Ahvaz, Iran; 2014;4:83–8.  800 

44.  Kadooka Y, Sato M, Imaizumi K, Ogawa A, Ikuyama K, Akai Y, Okano M, Kagoshima M, 801 

Tsuchida T. Regulation of abdominal adiposity by probiotics (Lactobacillus gasseri 802 

SBT2055) in adults with obese tendencies in a randomized controlled trial. Eur J Clin Nutr. 803 

2010;64:636–43.  804 

45.  Kadooka Y, Sato M, Ogawa A, Miyoshi M, Uenishi H, Ogawa H, Ikuyama K, Kagoshima 805 

M, Tsuchida T. Effect of Lactobacillus gasseri SBT2055 in fermented milk on abdominal 806 

adiposity in adults in a randomised controlled trial. Br J Nutr. 2013;110:1696–703.  807 

46.  Hove KD, Brøns C, Færch K, Lund SS, Rossing P, Vaag A. Effects of 12 weeks of 808 

treatment with fermented milk on blood pressure, glucose metabolism and markers of 809 

cardiovascular risk in patients with type 2 diabetes: A randomised double-blind placebo-810 

controlled study. Eur J Endocrinol. 2015;172:11–20.  811 

47.  Takahashi S, Anzawa D, Takami K, Ishizuka A, Mawatari T. Effect of Bifidobacterium 812 

animalis ssp. lactis GCL2505 on visceral fat accumulation in healthy Japanese adults : a 813 

randomized controlled trial. Biosci Microbiota, Food Heal. 2016;35:163–71.  814 

48.  Ostadrahimi A, Taghizadeh A, Mobasseri M, Farrin N, Payahoo L, Beyramalipoor 815 

Gheshlaghi Z, Vahedjabbari M. Effect of probiotic fermented milk (Kefir) on glycemic 816 

control and lipid profile in type 2 diabetic patients: A randomized double-blind placebo-817 



35 of 61 
 

controlled clinical trial. Iran J Public Health. Dept. of Nutrition, Biochemistry and Diet 818 

Therapy, School of Nutrition, Nutrition Research Center, Tabriz University of Medical 819 

Sciences, Tabriz, Iran; 2015;44:228–37.  820 

49.  Rezaei M, Sanagoo A, Jouybari L, Behnampoo N, Kavosi A. The effect of probiotic yogurt 821 

on blood glucose and cardiovascular biomarkers in patients with type II diabetes: A 822 

randomized controlled trial. Evid Based Care. School of Nursing and Midwifery, Golestan 823 

University of Medical Sciences, Gorgan, Iran; 2017;6:26–35.  824 

50.  Tonucci LB, Olbrich dos Santos KM, Licursi de Oliveira L, Rocha Ribeiro SM, Duarte 825 

Martino HS. Clinical application of probiotics in type 2 diabetes mellitus: A randomized, 826 

double-blind, placebo-controlled study. Clin Nutr. Department of Nutrition, INTA College, 827 

Sobral, Brazil; 2017;36:85–92.  828 

51.  Nishiyama K, Kobayashi T, Sato Y, Watanabe Y, Kikuchi R, Kanno R, Koshizuka T, 829 

Miyazaki N, Ishioka K, Suzutani T. A double-blind controlled study to evaluate the effects 830 

of yogurt enriched with lactococcus lactis 11/19-b1 and bifidobacterium lactis on serum 831 

low-density lipoprotein level and antigen-specific interferon-γ releasing ability. Nutrients. 832 

2018;10:1–8.  833 

52.  Sperry MF, Silva HLA, Balthazar CF, Esmerino EA, Verruck S, Prudencio ES, Neto RPC, 834 

Tavares MIB, Peixoto JC, Nazzaro F, et al. Probiotic Minas Frescal cheese added with L. 835 

casei 01: Physicochemical and bioactivity characterization and effects on 836 

hematological/biochemical parameters of hypertensive overweighted women – A 837 

randomized double-blind pilot trial. J Funct Foods [Internet]. Elsevier; 2018;45:435–43. 838 

Available from: https://doi.org/10.1016/j.jff.2018.04.015 839 

53.  Sabico S, Al-Mashharawi A, Al-Daghri NM, Wani K, Amer OE, Hussain DS, Ahmed 840 

Ansari MG, Masoud MS, Alokail MS, McTernan PG. Effects of a 6-month multi-strain 841 



36 of 61 
 

probiotics supplementation in endotoxemic, inflammatory and cardiometabolic status of 842 

T2DM patients: A randomized, double-blind, placebo-controlled trial. Clin Nutr [Internet]. 843 

Elsevier Ltd; 2019;38:1561–9. Available from: https://doi.org/10.1016/j.clnu.2018.08.009 844 

54.  Mahadzir MDA, Shyam S, Barua A, Krishnappa P, Ramamurthy S. Effect of probiotic 845 

microbial cell preparation (MCP) on fasting blood glucose, body weight, waist 846 

circumference, and faecal short chain fatty acids among overweight Malaysian adults: A 847 

pilot randomised controlled trial of 4 weeks. Malays J Nutr. School of Post Graduate 848 

Studies and Research, International Medical University, Kuala Lumpur, Malaysia; 849 

2017;23:329–41.  850 

55.  Kobyliak N, Falalyeyeva T, Mykhalchyshyn G, Kyriienko D, Komissarenko I. Effect of 851 

alive probiotic on insulin resistance in type 2 diabetes patients: Randomized clinical trial. 852 

Diabetes Metab Syndr Clin Res Rev. 2018;  853 

56.  Khalili L, Alipour B, Asghari Jafar-Abadi M, Faraji I, Hassanalilou T, Mesgari Abbasi M, 854 

Vaghef-Mehrabany E, Alizadeh Sani M. The Effects of Lactobacillus casei on Glycemic 855 

Response, Serum Sirtuin1 and Fetuin-A Levels in Patients with Type 2 Diabetes Mellitus: 856 

A Randomized Controlled Trial. Iran Biomed J. Iran; 2019;23:68–77.  857 

57.  Jung S-P, Lee K-M, Kang J-H, Yun S-I, Park H-O, Moon Y, Kim J-Y. Effect of 858 

Lactobacillus gasseri BNR17 on Overweight and Obese Adults: A Randomized, Double-859 

Blind Clinical Trial. Korean J Fam Med. 2013;34:80–9.  860 

58.  Jung S, Lee YJ, Kim M, Kim M, Kwak JH, Lee J-W, Ahn Y-T, Sim J-H, Lee JH. 861 

Supplementation with two probiotic strains, Lactobacillus curvatus HY7601 and 862 

Lactobacillus plantarum KY1032, reduced body adiposity and Lp-PLA2 activity in 863 

overweight subjects. J Funct Foods [Internet]. National Leading Research Laboratory of 864 

Clinical Nutrigenetics/Nutrigenomics, Department of Food and Nutrition, College of 865 



37 of 61 
 

Human Ecology, Yonsei University, Seoul, South Korea; 2015;19:744–52. Available from: 866 

https://www.scopus.com/inward/record.uri?eid=2-s2.0-867 

84946405398&doi=10.1016%2Fj.jff.2015.10.006&partnerID=40&md5=d76348cab47709c868 

7c12883d39417c000 869 

59.  Gomes AC, de Sousa RGM, Botelho PB, Gomes TLN, Prada PO, Mota JF. The additional 870 

effects of a probiotic mix on abdominal adiposity and antioxidant Status: A double-blind, 871 

randomized trial. Obesity. 2017;25:30–8.  872 

60.  Firouzi S, Majid HA, Ismail A, Kamaruddin NA, Barakatun-Nisak MY. Effect of multi-873 

strain probiotics (multi-strain microbial cell preparation) on glycemic control and other 874 

diabetes-related outcomes in people with type 2 diabetes: a randomized controlled trial. Eur 875 

J Nutr. Springer Berlin Heidelberg; 2017;56:1535–50.  876 

61.  Minami JI, Kondo S, Yanagisawa N, Odamaki T, Xiao JZ, Abe F, Nakajima S, Hamamoto 877 

Y, Saitoh S, Shimoda T. Oral administration of Bifidobacterium breve B-3 modifies 878 

metabolic functions in adults with obese tendencies in a randomised controlled trial. J Nutr 879 

Sci. 2015;4.  880 

62.  Pedret A, Valls RM, Calderón-Pérez L, Llauradó E, Companys J, Pla-Pagà L, Moragas A, 881 

Martín-Luján F, Ortega Y, Giralt M, et al. Effects of daily consumption of the probiotic 882 

Bifidobacterium animalis subsp. lactis CECT 8145 on anthropometric adiposity biomarkers 883 

in abdominally obese subjects: a randomized controlled trial. Int J Obes [Internet]. Springer 884 

US; 2018; Available from: http://dx.doi.org/10.1038/s41366-018-0220-0 885 

63.  Szulinska M, Loniewski I, van Hemert S, Sobieska M, Bogdanski P. Dose-Dependent 886 

Effects of Multispecies Probiotic Supplementation on the Lipopolysaccharide (LPS) Level 887 

and Cardiometabolic Profile in Obese Postmenopausal Women: A 12-Week Randomized 888 

Clinical Trial. Nutrients. Switzerland; 2018;10.  889 



38 of 61 
 

64.  Sabico S, Al‑mashharawi A, Al‑daghri NM, Yakout S, Alnaami AM, Alokail MS, 890 

Mcternan PG. Effects of a multi-strain probiotic supplement for 12 weeks in circulating 891 

endotoxin levels and cardiometabolic profiles of medication naïve T2DM patients: a 892 

randomized clinical trial. J Transl Med. BioMed Central; 2017;15:1–9.  893 

65.  Higashikawa F, Noda M, Awaya T, Danshiitsoodol N, Matoba Y, Kumagai T, Sugiyama 894 

M. Antiobesity effect of Pediococcus pentosaceus LP28 on overweight subjects: A 895 

randomized, double-blind, placebo-controlled clinical trial. Eur J Clin Nutr. 2016;70:582–896 

7.  897 

66.  Razmpoosh E, Javadi A, Ejtahed HS, Mirmiran P, Javadi M, Yousefinejad A. The effect of 898 

probiotic supplementation on glycemic control and lipid profile in patients with type 2 899 

diabetes: A randomized placebo controlled trial. Diabetes Metab Syndr Clin Res Rev. 900 

2019;13:175–82.  901 

67.  Raygan F, Rezavandi Z, Bahmani F, Ostadmohammadi V, Mansournia MA, Tajabadi-902 

Ebrahimi M, Borzabadi S, Asemi Z. The effects of probiotic supplementation on metabolic 903 

status in type 2 diabetic patients with coronary heart disease IRCT2017082733941N5 904 

IRCT. Diabetol Metab Syndr [Internet]. 2018;10. Available from: 905 

https://www.scopus.com/inward/record.uri?eid=2-s2.0-906 

85048864604&doi=10.1186%2Fs13098-018-0353-907 

2&partnerID=40&md5=b70bef92800874441da40717d4eb86fb 908 

68.  Kassaian N, Feizi A, Aminorroaya A, Jafari P, Ebrahimi MT, Amini M. The effects of 909 

probiotics and synbiotic supplementation on glucose and insulin metabolism in adults with 910 

prediabetes: a double-blind randomized clinical trial. Acta Diabetol. 2018;  911 

69.  Hsieh MC, Tsai WH, Jheng YP, Su SL, Wang SY, Lin CC, Chen YH, Chang WW. The 912 

beneficial effects of Lactobacillus reuteri ADR-1 or ADR-3 consumption on type 2 913 



39 of 61 
 

diabetes mellitus: a randomized, double-blinded, placebo-controlled trial. Sci Rep. 2018;  914 

70.  Culpepper T, Rowe CC, Rusch CT, Burns AM, Federico AP, Girard SA, Tompkins TA, 915 

Nieves C, Dennis-Wall JC, Christman MC, et al. Three probiotic strains exert different 916 

effects on plasma bile acid profiles in healthy obese adults: Randomised, double-blind 917 

placebo-controlled crossover study. Benef Microbes. 2019;  918 

71.  Fuentes MC, Lajo T, Carrión JM, Cuñé J. A randomized clinical trial evaluating a 919 

proprietary mixture of Lactobacillus plantarum strains for lowering cholesterol. Med J 920 

Nutrition Metab. AB-BIOTICS S.A, Edifici Eureka, Campus UAB, Bellaterra, Cerdanyola 921 

del Vallès, Spain; 2016;9:125–35.  922 

72.  Brahe LK, Le Chatelier E, Prifti E, Pons N, Kennedy S, Blædel T, Håkansson J, Dalsgaard 923 

TK, Hansen T, Pedersen O, et al. Dietary modulation of the gut microbiota--a randomised 924 

controlled trial in obese postmenopausal women. Br J Nutr. 2015;114:406–17.  925 

73.  Rerksuppaphol S, Rerksuppaphol L. A Randomized Double-blind Controlled Trial of 926 

Lactobacillus acidophilus Plus Bifidobacterium bifidum versus Placebo in Patients with 927 

Hypercholesterolemia. J Clin Diagn Res. 2015;9:KC01-4.  928 

74.  Jones ML, Martoni CJ, Prakash S. Cholesterol lowering and inhibition of sterol absorption 929 

by Lactobacillus reuteri NCIMB 30242: A randomized controlled trial. Eur J Clin Nutr. 930 

2012;66:1234–41.  931 

75.  Fernandez MA, Panahi S, Daniel N, Tremblay A, Marette A. Yogurt and Cardiometabolic 932 

Diseases: A Critical Review of Potential Mechanisms. Adv Nutr An Int Rev J. 2017;  933 

76.  Panahi S, Tremblay A. The Potential Role of Yogurt in Weight Management and 934 

Prevention of Type 2 Diabetes. Journal of the American College of Nutrition. 2016.  935 

77.  Fernandez MA, Marette A. Potential Health Benefits of Combining Yogurt and Fruits 936 



40 of 61 
 

Based on Their Probiotic and Prebiotic Properties. Adv Nutr An Int Rev J. 2017;  937 

78.  Sayon-Orea C, Martínez-González MA, Ruiz-Canela M, Bes-Rastrollo M. Associations 938 

between Yogurt Consumption and Weight Gain and Risk of Obesity and Metabolic 939 

Syndrome: A Systematic Review. Adv Nutr An Int Rev J. 2017;  940 

79.  Gijsbers L, Ding EL, Malik VS, De Goede J, Geleijnse JM, Soedamah-Muthu SS. 941 

Consumption of dairy foods and diabetes incidence: A dose-response meta-analysis of 942 

observational studies. Am J Clin Nutr. 2016;  943 

80.  Li C, Li X, Han H, Cui H, Peng M, Wang G, Wang Z. Effect of probiotics on metabolic 944 

profiles in type 2 diabetes mellitus. Medicine (Baltimore). 2016;95:e4088.  945 

81.  Mazidi M, Rezaie P, Ferns GA, Vatanparast H. Impact of probiotic administration on 946 

serum C-reactive protein concentrations: Systematic review and meta-analysis of 947 

randomized control trials. Nutrients. 2017.  948 

82.  Zarrati M, Salehi E, Nourijelyani K, Mofid V, Zadeh MJH, Najafi F, Ghaflati Z, Bidad K, 949 

Chamari M, Karimi M, et al. Effects of Probiotic Yogurt on Fat Distribution and Gene 950 

Expression of Proinflammatory Factors in Peripheral Blood Mononuclear Cells in 951 

Overweight and Obese People with or without Weight-Loss Diet. J Am Coll Nutr. 952 

2014;33:417–25.  953 

83.  Zarrati M, Shidfar F, Nourijelyani K, Mofid V, Hossein zadeh-Attar MJ, Bidad K, Najafi F, 954 

Gheflati Z, Chamari M, Salehi E. Lactobacillus acidophilus La5, Bifidobacterium BB12, 955 

and Lactobacillus casei DN001 modulate gene expression of subset specific transcription 956 

factors and cytokines in peripheral blood mononuclear cells of obese and overweight 957 

people. BioFactors. 2013;39:633–43.  958 

84.  Sharafedtinov KK, Plotnikova OA, Alexeeva RI, Sentsova TB, Songisepp E, Stsepetova J, 959 



41 of 61 
 

Smidt I, Mikelsaar M. Hypocaloric diet supplemented with probiotic cheese improves body 960 

mass index and blood pressure indices of obese hypertensive patients--a randomized 961 

double-blind placebo-controlled pilot study. Nutr J. 2013;12:138.  962 

85.  Shimizu M, Hashiguchi M, Shiga T, Tamura HO, Mochizuki M. Meta-Analysis: Effects of 963 

probiotic supplementation on lipid profiles in normal to mildly hypercholesterolemic 964 

individuals. PLoS One. 2015;  965 

86.  Cicero AFG, Colletti A, Bajraktari G, Descamps O, Djuric DM, Ezhov M, Fras Z, Katsiki 966 

N, Langlois M, Latkovskis G, et al. Lipid-lowering nutraceuticals in clinical practice: 967 

Position paper from an International Lipid Expert Panel. Nutr Rev. 2017;  968 

87.  Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, Chapman MJ, De 969 

Backer GG, Delgado V, Ference BA, et al. 2019 ESC/EAS Guidelines for the management 970 

of dyslipidaemias: lipid modification to reduce cardiovascular risk. Eur Heart J. 2019;  971 

88.  Cardoso Umbelino Cavallini D, Jovenasso Manzoni M, Bedani R, Roselino M, Celiberto L, 972 

Vendramini R, de Valdez G, Saes Parra Abdalla D, Aparecida Pinto R, Rosetto D, et al. 973 

Probiotic Soy Product Supplemented with Isoflavones Improves the Lipid Profile of 974 

Moderately Hypercholesterolemic Men: A Randomized Controlled Trial. Nutrients. 975 

2016;8:52.  976 

89.  Miraghajani M, Dehsoukhteh SS, Rafie N, Hamedani SG, Sabihi S, Ghiasvand R, 977 

Miraghajani M, Dehsoukhteh SS, Rafie N, Hamedani SG, et al. Potential mechanisms 978 

linking probiotics to diabetes: a narrative review of the literature. Sao Paulo Med J. 979 

Associação Paulista de Medicina; 2017;135:169–78.  980 

90.  Yadav H, Lee J-H, Lloyd J, Walter P, Rane SG. Beneficial Metabolic Effects of a Probiotic 981 

via Butyrate-induced GLP-1 Hormone Secretion. J Biol Chem. 2013;288:25088–97.  982 



42 of 61 
 

91.  Madsbad S. The role of glucagon-like peptide-1 impairment in obesity and potential 983 

therapeutic implications. Diabetes, Obesity and Metabolism. 2014. p. 9–21.  984 

92.  Mazloom K, Siddiqi I, Covasa M. Probiotics: How Effective Are They in the Fight against 985 

Obesity? Nutrients [Internet]. Multidisciplinary Digital Publishing Institute  (MDPI); 2019 986 

[cited 2019 Oct 4];11. Available from: http://www.ncbi.nlm.nih.gov/pubmed/30678355 987 

93.  Sahebkar A, Serban MC, Gluba-Brzózka A, Mikhailidis DP, Cicero AF, Rysz J, Banach M. 988 

Lipid-modifying effects of nutraceuticals: An evidence-based approach. Nutrition. 2016.  989 

94.  Key TJ, Appleby PN, Bradbury KE, Sweeting M, Wood A, Johansson I, Kühn T, Steur M, 990 

Weiderpass E, Wennberg M, et al. Consumption of Meat, Fish, Dairy Products, and Eggs 991 

and Risk of Ischemic Heart Disease. Circulation. 2019;  992 

95.  Martinez-Gonzalez MA, Sayon-Orea C, Ruiz-Canela M, de la Fuente C, Gea A, Bes-993 

Rastrollo M. Yogurt consumption, weight change and risk of overweight/obesity: the SUN 994 

cohort study. Nutr Metab Cardiovasc Dis. Netherlands; 2014;24:1189–96.  995 

96.  Zarrati M, Raji Lahiji M, Salehi E, Yazdani B, Razmpoosh E, Shokouhi Shoormasti R, 996 

Shidfar F. Effects of Probiotic Yogurt on Serum Omentin-1, Adropin, and Nesfatin-1 997 

Concentrations in Overweight and Obese Participants Under Low-Calorie Diet. Probiotics 998 

Antimicrob Proteins [Internet]. 2018; Available from: 999 

https://www.cochranelibrary.com/central/doi/10.1002/central/CN-01645533/full 1000 

97.  Nabavi S, Rafraf M, Somi M-H, Homayouni-Rad A, Asghari-Jafarabadi M. Probiotic 1001 

yogurt improves body mass index and fasting insulin levels without affecting serum leptin 1002 

and adiponectin levels in non-alcoholic fatty liver disease (NAFLD). J Funct Foods. 1003 

Nutrition Research Center, Department of Community Nutrition, Faculty of Nutrition, 1004 

Tabriz University of Medical Sciences, Tabriz, Iran; 2015;18:684–91.  1005 



43 of 61 
 

98.  Omar JM, Chan YM, Jones ML, Prakash S, Jones PJH. Lactobacillus fermentum and 1006 

Lactobacillus amylovorus as probiotics alter body adiposity and gut microflora in healthy 1007 

persons. J Funct Foods. 2013;5:116–23.  1008 

99.  Nakamura F, Ishida Y, Aihara K, Sawada D, Ashida N, Sugawara T, Aoki Y, Takehara I, 1009 

Takano K, Fujiwara S. Effect of fragmented Lactobacillus amylovorus CP1563 on lipid 1010 

metabolism in overweight and mildly obese individuals: a randomized controlled trial. 1011 

Microb Ecol Heal Dis [Internet]. 2016;27. Available from: 1012 

http://www.microbecolhealthdis.net/index.php/mehd/article/view/30312 1013 

100.  Ejtahed HS, Mohtadi-Nia J, Homayouni-Rad A, Niafar M, Asghari-Jafarabadi M, Mofid V. 1014 

Probiotic yogurt improves antioxidant status in type 2 diabetic patients. Nutrition. 1015 

2012;28:539–43.  1016 

101.  Ivey KL, Hodgson JM, Kerr DA, Thompson PL, Stojceski B, Prince RL. The effect of 1017 

yoghurt and its probiotics on blood pressure and serum lipid profile; a randomised 1018 

controlled trial. Nutr Metab Cardiovasc Dis. Elsevier B.V; 2015;25:46–51.  1019 

102.  Rezazadeh L, Gargari BP, Jafarabadi MA, Alipour B. Effects of probiotic yogurt on 1020 

glycemic indexes and endothelial dysfunction markers in patients with metabolic syndrome 1021 

[Internet]. Nutrition. Elsevier Inc.; 2019. 162–168 p. Available from: 1022 

https://doi.org/10.1016/j.nut.2018.12.011 1023 

103.  Bernini LJ, Simão ANC, Alfieri DF, Lozovoy MAB, Mari NL, de Souza CHB, Dichi I, 1024 

Costa GN. Beneficial effects of Bifidobacterium lactis on lipid profile and cytokines in 1025 

patients with metabolic syndrome: A randomized trial. Effects of probiotics on metabolic 1026 

syndrome. Nutrition. 2016;32:716–9.  1027 

104.  Kim J, Yun JM, Kim MK, Kwon O, Cho B. Lactobacillus gasseri BNR17 Supplementation 1028 

Reduces the Visceral Fat Accumulation and Waist Circumference in Obese Adults: A 1029 



44 of 61 
 

Randomized, Double-Blind, Placebo-Controlled Trial. J Med Food. 2018;  1030 

105.  Minami J, Iwabuchi N, Tanaka M, Yamauchi K, Xiao J zhong, Abe F, Sakane N. Effects of 1031 

Bifidobacterium breve B-3 on body fat reductions in pre-obese adults: A randomized, 1032 

double-blind, placebo-controlled trial. Biosci Microbiota, Food Heal. 2018;  1033 

106.  Mobini R, Tremaroli V, Ståhlman M, Karlsson F, Levin M, Ljungberg M, Sohlin M, 1034 

Bertéus Forslund H, Perkins R, Bäckhed F, et al. Metabolic effects of Lactobacillus reuteri 1035 

DSM 17938 in people with type 2 diabetes: A randomized controlled trial. Diabetes, Obes 1036 

Metab. 2017;19:579–89.  1037 

107.  Aller R, De Luis D a, Izaola O, Conde R, Gonzalez Sagrado M, Primo D, De La Fuente B, 1038 

Gonzalez J. Effect of a probiotic on liver aminotransferases in nonalcoholic fatty liver 1039 

disease patients: a double blind randomized clinical trial. Eur Rev Med Pharmacol Sci. 1040 

2011;15:1090–5.  1041 

  1042 



45 of 61 
 

 

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 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 

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. 

Intervention 
or exposure 

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 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. 

Comparison 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 with placebo product were eligible for inclusion. 

Outcomes Studies that measured the 
incidence of CHD, stroke, 
cardiovascular mortality, obesity, 
T2D or metabolic syndrome 
development are 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, Hba1c, 
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 

Study 
design 

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

Randomized clinical trials were considered for inclusion. Non-
randomized clinical trials, systematic reviews and meta-analysis were 
excluded. 

Meta-
analysis 

At least three studies for each 
parameter  

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; Hba1C, 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).  

Author, year Study, country Design 
Follow up 

(years) 
N total 

N 

Cases 

Age 

(years 

range) 

Measurement Adjusted variables Outcome 

Dairy 

exposures 

analyzed 

Dairy products 

subgroups 
Comparison OR, RR or HR (95% CI) 

1. CV mortality, stroke and CHD (n=8) 

Key et al. 

(2019)(94) 

EPIC Cohort, 10 

countries* 
PC 12,6 409,885 7,198 41-70 24-hour recalls 

Age, smoking status and number of cigarettes per day, history of diabetes, previous 

hypertension, prior hyperlipidemia, Cambridge physical activity index, employment status, 

level of education completed, BMI, current alcohol consumption, observed intakes of 

energy, fruit and vegetables combined, sugars and fiber from cereals, and stratified by sex 

and EPIC center. 

CV mortality Yogurt Total Yogurt Q5 (150g/d) vs Q1 (0g/d) [HR: 0.90 (0.84-0.97)] 

Johansson et al. 

(2019)(23) 

VIP and MONICA , 

Sweden 
PC 14,2 120,061 11,641 40-60 FFQ 

Dairy product categories, sex, age, screening year, BMI, education, physical activity, 

smoking, family history of CV disease or T2DM, screening project, quintiles of red meat, 

wholegrain, fruit and vegetables and energy. 

Myocardial 

infarction 

FM Total FM M Q4 VS no consumption [HR: 0.92 (0.82, 1.03)] 

FM Total FM W Q4 VS no consumption [HR: 1.00 (0.84, 1.18)] 

Stroke 
FM Total FM M Q4 VS no consumption [HR:0.91 (0.79, 1.05)] 

FM Total FM W Q4 VS no consumption [HR:0.87 (0.75, 1.03)] 

Dehghan et al. 

(2018)(25) 

PURE study, from 21 

countries** 
PC 9,1 136,384 7,828 35-70 Validated FFQ 

Age, sex, education, urban or rural location, smoking status, physical activity, history of 

diabetes, family history of CV, family history of cancer, and quintiles of fruit, vegetable, red 

meat, starchy foods intake, and energy. 

CV disease Yogurt Total Yogurt >244g/d vs 0 g/d [HR: 0.82 (0.72-0.93)] 

Farvid et al.  

(2016)(26) 
Golestan study, Iran PC 8 42,402 1,467 36-85 

Validated FFQ-

116 items 

Age, gender, BMI, physical activity, ethnicity, education, marital status, residency, smoking, 

opium use, alcohol, SBP, family history of cancer, wealth score, medication use, energy 

intake. 

CV 

mortality 
Yogurt Total yogurt Q5 (207g/d) vs Q1 (23g/d) [HR: 0.84 (0.70-1.00)] 

Goldbohm et al. 

(2011)(24)  

Netherlands Cohort 

study, The Netherlands 
PC 10 120,852 16,136 55-69 

Validated FFQ-

150 items 

Age, education, smoking, physical activity, BMI, multivitamin use, alcohol, energy, energy-

adjusted mono- and polyunsaturated fat intakes, and vegetable and fruit consumption. 

CV 

mortality 

FM Whole-fat FM M Q2 (53g/d) vs Q1 (0g/d) [RR: 0.93 (0.88-0.98)] 

FM Whole-fat FM W Q2 (53g/d) vs Q1 (0g/d) [RR: 0.93 (0.87-1.00)] 

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 (0g/d) [RR: 1.02 (0.95-1.09)] 

Praagman et al. 

(2014)(27)  

Rotterdam Study, 

Netherlands 
PC 13.3 4,235 564 >55 SFFQ-170 items 

Age, gender, total energy intake, BMI, smoking, education level, alcohol, vegetables, fruit, 

meat, bread, fish coffee, and tea intake. 

 

Stroke 

FD 

Buttermilk, 

yogurt, curd, 

cheese 
>100g/d vs <50g/d [HR: 1.08 (0.87-1.34)] 

Yogurt Total Yogurt >100g/d vs <50g/d [HR: 1.10 (0.90-1.34)] 

Cheese Total Cheese >40 g/d vs <20g/d [HR: 0.96 (0.75-1.22)] 

Age, gender, total energy intake, BMI, smoking, education level, alcohol, vegetables, fruit, 

meat, bread, fish coffee, and tea intake. 
CHD 

FD 
Buttermilk, 

yogurt, curd, 

cheese 
>100g/d vs <50g/d [HR: 1.01 (0.82-1.24)] 

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-

Muthu et al. 

(2013)(28)  

Whitehall II study, UK PC 10 4,526 323  35-55 Validated FFQ 

Age, ethnicity, employment grade, smoking, alcohol intake, BMI, physical activity and family 

history of CHD/hypertension, fruit and vegetables, bread, meat, fish, coffee, tea and total 

energy intake 

CHD 

Yogurt Total Yogurt T3 (117g/d) vs T1 (0g/d) [HR: 1.23 (0.93-1.63)] 

Cheese Total cheese T3 (31g/d) vs (6g/d) [HR: 0.82 (0.61-1.09)] 

FD 
Total yogurt 

and cheese 
T3 (105g/d) vs (17g/d) [HR: 0.97 (0.73-1.28)] 

Sonestedt et al. 

(2011)(22)  
MDC study, Sweden PC 12 26,445 2,520 44-74 FFQ-168 item 

Age, gender, season, method, energy intake, BMI, smoking, alcohol consumption, physical 

activity, education, intakes of vegetables, fruit, berries, fish shellfish, meat, coffee, whole 

grains 

CV disease FM Total FM Q4 (55g/d) vs Q1 (0g/d) [HR: 0.87 (0.77-0.97)] 

2. T2D risk (n=9) 

Jeon et al. 

(2019)(29) 

Korean Genome and 

Epidemiology Study, 

Korea 

PC 7,3 10,030 1,173 40-69 SFFQ 

age, sex, BMI, residential area, education level, household income, physical activity, alcohol 

consumption, and smoking status, history of hypertension, family history of T2DM, use of 

antihypertensive medication, use of dietary supplements, intakes of vegetables, fruits, red 

meat, processed meat, soft drinks, coffee, and tea 

T2DM Yogurt Total Yogurt 625g/week vs 0 g/week [HR: 0.73 (0.61-0.88)] 

Hruby et al. 

(2017)(30) 
FHS Offspring, EEUU  PC 12 2,809 902 45-63 FFQ-126 item 

Age, gender, energy intake, history of diabetes, smoking, dyslipidemia, hypertension or 

treatment, intake of coffee, nuts, fruits, vegetables, meats, alcohol, and fish, glycemic index, 

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

T2D Yogurt Total yogurt 277g/d vs 0g/d [HR: 1.24 (0.67-2.29)] 

Abbreviations: BMI, body mass index; CHD, coronary heart disease; CI, 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, Malmö 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, Västerbotten 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. 

Author, year Study, country Design 
Follow up 

(year) 
N total Cases 

Age 

(years 

mean) 

Measurement 
Adjusted variables 

Outcome 

Dairy 

exposures 

analyzed 

Dairy products 

subgroups 
Comparison OR, RR or HR (95% CI) 

Díaz-López et al. 

(31) 
PREDIMED study, Spain PC 2.5-5.7 3,454 270 55-80 

Validated FFQ-

137 items 

Age, gender, BMI, intervention group, physical activity, educational level, smoking, 

hypertension, antihypertensive use, fasting glucose, HDL, and TG concentrations. 
T2D 

Yogurt 

Low-fat yogurt T3 (120g/d) vs T1 (3g/d) [HR: 0.61 (0.43-0.85)] 

Whole-fat 

yogurt 
T3 (45g/d) vs T1 (0g/d) [HR: 0.64 (0.46-0.89)] 

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 yogurt and 

cheese 
T3 (167g/d) vs T1 (39g/d) [HR: 0.63 (0.45-0.87)] 

Ericson et al. (36) 
Malmö Diet and Cancer 

cohort study, Sweden 
PC 14 26,930 2860 45–74 

Validated FFQ- 

168-item 
Age, sex, method version, season, total energy intake, physical activity, smoking, alcohol 

intake, and education, BMI. 
T2D FD  

Low fat yogurt, 

sour milk and 

cheese 

480g/d vs 0g/d [HR: 1.06 (0.95, 1.18)] 

High fat yogurt, 

sour milk and 

cheese 

792g/d vs 66g/d [HR: 0.89 (0.79, 1.01)] 

Chen et al. (32) 

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 
Q4 (732g/week) vs Q1 

(61g/week) 
[RR: 0.95 (0.84-1.08)] 

NHS I, EEUU PC 30 121,700 7,841 30-55 61-131 item FFQ  Age, BMI and other lifestyle and dietary risk factors, total dairy consumption. T2D Yogurt Total yogurt 
Q4 (708g/week) vs Q1 

(0g/week) 
[RR: 0.84 (0.76-0.91)] 

NHS II, EEUU PC 16 116,671 3,951 25-42 131-item FFQ Age, BMI) and other lifestyle and dietary risk factors, total dairy consumption. T2D Yogurt Total yogurt 
Q4 (659g/week) vs Q1 

(0g/week) 
[RR: 0.90 (0.81-1.00)] 

Soedamah-

Muthu et al. (28) 
Whitehall II study, UK PC 10 4,526 273  35-55 Validated FFQ 

Age, ethnicity, employment grade, smoking, alcohol intake, BMI, physical activity and family 

history of CHD/hypertension, fruit and vegetables, bread, meat, fish, coffee, tea and total 

energy intake. 

T2D 

Yogurt Total Yogurt T3 (117g/d) vs T1 (0g/d) [HR: 1.04 (0.77-1.42)] 

Cheese Total cheese T3 (31g/d) vs (6g/d) [HR: 1.20 (0.88-1.64)] 

FD 
Total yogurt 

and cheese 
T3 (105g/d) vs (17g/d) [HR: 1.17 (0.87-1.58)] 

Struijk et al. (35) Inter99 study, Denmark PC 5 5,953 214 30-60 
Validated FFQ-

198 item 

Age, gender, intervention group, diabetes family history, education level, physical activity 

smoking, alcohol intake, wholegrain cereal, meat, fish, coffee, tea, fruit, vegetables, energy 

intake, change in diet from baseline to 5-year follow-up, waist circumference. 

T2D  

FM Total FM 150g/d vs 0g/d [OR: 0.88 (0.69-1.11)] 

Cheese Total cheese 20g/d vs 0g/d [OR: 0.97 (0.82-1.15)] 

Grantham et al. 

(33) 
AusDiab, Australia PC 5 5,582  209 >25 

Validated FFQ-

121 item 

Age, sex, energy intake, family history of diabetes, education level, physical activity, 

smoking status, TAG, HDL-cholesterol, SBP, waist circumference and hip circumference. 
T2D Yogurt Total Yogurt 

T3 (>380g/d) vs T1 

(<240g/d) 
[HR: 1.14 (0.78, 1.67)] 

Margolis et al. 

(34) 

Women’s Health 

Initiative, EEUU 
PC 8 82,076 3,946 50-79 Validated SFFQ 

Age, race/ethnicity, total energy intake, income, education, smoking, alcohol intake, family 

history of diabetes, use of postmenopausal hormone therapy, SBP, DBP, BMI, physical 

activity, an interaction term between quintiles of yogurt intake and time. 

T2D Yogurt Total Yogurt 
>500g/week vs 

<250g/month 
[HR: 0.46 (0.31, 0.68)] 

3. Obesity risk (n=1) 

Martinez-

Gonzalez et al. 

(95)  

SUN project, Spain PC 6.6 8,516 1,860 26-48 
Validated FFQ-

136 item 

Age, gender, physical activity, hours of TV watching, hours spent sitting down, smoking, 

snacking between meals, following a special diet, total energy intake, adherence to the 

Mediterranean diet, marital status, years of education, baseline BMI. 

Obesity Yogurt 

Low-fat yogurt >889g/week vs 0-250g/week [HR: 0.84 (0.61-1.15)] 

Whole-fat 

yogurt 
>889g/week vs 0-250g/week [HR: 0.62 (0.47-0.82)] 

Total Yogurt >889g/week vs 0-250g/week [HR: 0.80 (0.68-0.94)] 

4. MetS risk (n=3) 

Kim et al. (37) KoGES, Korea PC 4 5,510 2,103 40-69 
Validated FFQ-

103 item 

Age, gender, BMI, residential location, educational level, household income, smoking, 

alcohol intake, physical activity, nutrient intakes (energy and energy-adjusted Ca, fiber). 
MetS Yogurt Total Yogurt ≥85g/d vs ≤21g/d [HR: 0.68 (0.58-0.79)] 

Babio et al. (38) PREDIMED study, Spain PC 2-7 1,868 930 55-80 
Validated FFQ-

137 items 

Age, gender, intervention group, physical activity, BMI, smoking and former, hypoglycemic, 

hypolipemic, antihypertensive or insulin treatment, mean consumption during follow-up: 

vegetables, fruit, legumes, cereals, fish, red meat, cookies, olive oil nuts, alcohol, MetS at 

baseline. 

MetS Yogurt 

Low-fat yogurt T3 (124g/d) vs T1 (1g/d) [HR: 0.73 (0.62-0.86)] 

Whole-fat 

yogurt 
T3 (46g/d) vs T1 (0g/d) [HR: 0.78 (0.66-0.92)] 

Total yogurt T3 (127g/d) vs T1 (7g/d) [HR: 0.77 (0.65-0.91)] 

Sayón-Orea et al. 

(39) 
SUN project, Spain PC 6 8,063 306 20-90 

Validated FFQ-

136 item 

Age, gender, baseline weight, total energy, alcohol intake, soft drinks, red meat, French 

fries, fast food, Mediterranean diet, physical activity, sedentary behavior, hours sitting, 

smoking, snacking between meals, following special diet. 

MetS Yogurt 

Low-fat yogurt ≥875g/week vs 0-250g/week [OR: 0.63 (0.39-1.02)] 

Whole-fat 

yogurt 
≥875g/week vs 0-250g/week [OR: 0.98 (0.68-1.41)] 

Total Yogurt ≥875g/week vs 0-250g/week [OR: 0.84 (0.60-1.18)] 

Abbreviations: AusDiab, Australian Diabetes Obesity and Lifestyle Study; BMI, body mass index; CI, 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, Prevención con Dieta Mediterránea; 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) 

Author, year 
Study design 

Duration (Country) 

Gender, age 

(years) 
n (I./ PL) ITT 

Intervention (IG) 
(Type of admin. – Probiotic strain – CFU/day) 

Control group 

(CG) 
Compared to 

Significant results 

BW (kg) 
BMI 

(kg/m2) 
WC (cm) BFM (Kg) BF (%) VAF (cm2) SCFA (cm2) 

Added to yogurt matrix 

Zarrati et al. (96) 
R, DB, PC 

8 weeks (Iran) 

M and W, 

20 to 50 
60 (30/30) Yes Yogurt with L. acidophilus La5, B. BB12, and L. DN001 (108) with LCD. 

PL yogurt with 

LCD 

End vs BL (IG) P>0.05 P>0.05 P>0.05 - P>0.05 - - 

Between interv. P>0.05 P>0.05 P>0.05 - -0.63 - - 

Madjd et al. (41) 
R, SB, CT, PC 

12 weeks (Iran) 
W, 18 to 50 89 (44/45) Yes Low-fat yogurt with L. acidophilus and B. lactis BB12. (1 x 107) 

PL low-fat 

yogurt 

End vs BL (IG) P>0.05 P>0.05 P>0.05 - - - - 

Between interv. P>0.05 P>0.05 P>0.05 - - - - 

Nabavi et al. (97) 
R, DB, CT, PC 

8 weeks (Iran) 

M and W, 

23 to 63 
72 (36/36) No Yogurt with B. lactis Bb12 (3.85×106), L. acidophilus La5. (4.42 × 106) PL yogurt 

End vs BL (IG) ↓2.74 ↓1.02 ↓1.69 - - - - 

Between interv. -2.49 -0.91 P>0.05 - - - - 

Mohamadshahi 

et al. (42) 

R, DB, CT, PC 

8 weeks (Iran) 

M and W, 

≈51 
42 (21/21) No Yogurt with L. acidophilus La-5, B. lactis BB-12. (3.7 × 106) PL yogurt 

End vs BL (IG) P>0.05 P>0.05 P>0.05 - P>0.05 - - 

Between interv. P>0.05 P>0.05 P>0.05 - P>0.05 - - 

Mohamadshahi 

et al. (43) 

R, DB, CT, PC 

8 weeks (Iran) 

M and W, 

42 to 56 
42 (21/21) No Yogurt with L. acidophilus La-5, B. lactis BB-12. (3.7 × 106) PL yogurt 

End vs BL (IG) P>0.05 P>0.05 P>0.05 - P>0.05 - - 

Between interv. P>0.05 P>0.05 P>0.05 - P>0.05 - - 

Zarrati et al. (82)  
R, DB, CT, PC 

8 weeks (Iran) 

M and W, 

20 to 50 

75 

(25/25/25) 
No 

I1. Yogurt with L. acidophilus LA5, L. casei DN001, B. lactis BB12 with 

LCD. 

I2. Yogurt with L. acidophilus LA5, L. casei DN001, B. lactis BB12. 

Regular yogurt 

with LCD 

End vs BL (I1/I2) ↓4.23/ P>0.05 
↓1.55/ 

P>0.05 
↓2.78/ P>0.05 - - - - 

Between interv. 
(I1 vs I2) 

-4.27 -1.55 -2.78 - - - - 

Between interv.  
(I2 vs CG) 

4.91 1.9 2.0 - - - - 

Omar et al. (98) 
R, DB, PC, CO 

4,3 weeks (Canada) 

M and W, 

18 to 60 
56 (28/28) No 

I1. Yogurt with L. amylovorus. (1.39 x 109) 

I2. Yogurt with L. Fermentum. (1.08 x 109) 
PL yogurt 

End vs BL (I1/I2) P>0.05 - - ↓1.40/↓1.00 - - - 

Between interv. P>0.05 - - P>0.05 - - - 

Zarrati et al. (83) 
R, DB, CT, PC 

8 weeks (Iran) 

M and W, 

20 to 50  

75 

(25/25/25) 
Yes 

I1. Yogurt with L. acidophilus LA5, L. casei DN001, B. lactis BB12 (3x108) 

with LCD. 

I2. Yogurt with L. acidophilus LA5, L. casei DN001, B. lactis BB12. (3x108) 

Regular yogurt 

with LCD  

End vs BL (I1/I2) ↓4.23/ P>0.05 
↓1.55/ 

P>0.05/  
↓2.78/ P>0.05 - - - - 

Between interv. (I1 vs I2) -4.27 -1.55 -2.78 - - - - 

Between interv. (I2 vs CG) 4.91 1.9 2.0 - - - - 

Added to FD matrix 

Naito et al. (40) 
R, DB, PC, PG 

8 weeks (Japan) 

M and W, 

20 to 64 
100 (50/50) No FM with L. casei Shirota YIT 9029. (>1.0 × 1011) PL non FM End vs BL (IG) ↑0.6 ↑0.2 - - ↑0.8 - - 

Between interv. P>0.05 P>0.05 - - P>0.05 - - 

Takahashi et al. 

(47) 

R, DB, PC, MC 

12 weeks (Japan) 

M and W, 

20 to 65 
137 (69/68) No FM with B. lactis GCL2505. (8 × 1010) PL FM 

End vs BL (IG) P>0.05 P>0.05 - - - ↓5.1 P>0.05 

Between interv. P>0.05 P>0.05 - - - -6.60 P>0.05 

Hove et al. (46) 
R, DB, PC 

12 weeks (Denmark) 
M, 40 to 70 41 (23/18) No FM with L. helveticus Cardi04. (n.d.) PL FM 

End vs BL (IG) P>0.05 P>0.05 P>0.05 - - - - 

Between interv. P>0.05 P>0.05 P>0.05 - - - - 

Kadooka et al. 

(45) 

R, DB, PG, MC, PC 

12 weeks (Japan) 

M and W, 

35 to 60 

210 

(69/71/70) 
No 

I1. FM with L. gasseri SBT2055. (200 x 107) 

I2. FM with L. gasseri SBT2055. (200 x 106) 
PL FM 

End vs BL (I1/I2) - 
↓0.30/↓0.

40 
↓1.30/↓1.10 ↓0.60/↓0.50 ↓0.50P>0.05 ↓8.50%/8.2% ↓2.60%/P>0.05 

Between interv. (I1 vs CG) - P>0.05 -1.20 -1.10 -1.10 -7.80 P>0.05 

Between interv. (I2 vs CG) - P>0.05 -1.00 -1.00 P>0.05 -7.50 P>0.05 

Kadooka et al. 

(44) 

R, DB, PC, MC 

12 weeks (Japan) 

M and W, 

33 to 63 
87 (43/44) No FM with L. gasseri SBT2055. (10 x 1010) PL FM 

End vs BL (IG) ↓1.10 ↓0.40 ↓1.70 ↓0.80 ↓0.05 ↓5.80 ↓7.40 

Between interv. -1.40 -0.50 -1.70 -1.10 -0,7 -7.20 -6.10 

Nakamura et al. 

(99) 

R, DB, PC 

12 weeks (Japan) 

M and W, 

>19 
197 (98/99) No Shake with L. amylovorus CP1563. (n.d.) PL shake 

End vs BL (IG) - P>0.05 - - ↓0.40 ↓0.40 - 

Between interv. - P>0.05 - - P>0.05 P>0.05 - 

Ostadrahimi et 

al. (48) 

R, DB, PC 

8 weeks (Iran) 

M and W, 

35 to 65 
60 (30/30) No Kefir with L. casei, L. acidophilus, B. lactis. (n.d.) dough 

End vs BL (IG) P>0.05 - - - - - - 

Between interv. P>0.05 - - - - - - 

Sharafedtinov et 

al. (84) 

R, DB, PC, PG 

3 weeks (Russia) 

M and W, 

30 to 69 
40 (25/15) No Cheese with L. plantarum TENSIA (1 x 104) + LCD. 

PL cheese 

with LCD 

End vs BL (IG) ↓5.70 ↓2.00 - P>0.05 - - - 

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, I, 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) 

Author, year 
Study design 

Duration (Country) 

Gender,  

age (years) 
n (I./ PL) ITT 

Intervention (IG) 
(Type of admin. – Probiotic strain – CFU/day) 

Control group 

(CG) 
Compared to 

Significant results 

F. insulin 

(µIU/mL)  
HOMA-IR  Hba1C (%) F. glucose (mmol/L) Plasma CRP (mg/l) 

Added to yogurt matrix 

Rezaei et al. (49) 
R, DB, PC 

4 weeks (Iran) 

M and W, 

35 to 69 
90 (45/45) No Yogurt with L. acidophilus La5, B. lactis BB12. (n.d.) PL yogurt 

End vs BL (IG) - - ↓0.40 ↓0.89 P>0.05 

Between interv. - - -0.60 -1.23 -0.34 

Mohamadshahi 

et al. (43) 

R, DB, CT, PC 

8 weeks (Iran) 

M and W, 

42 to 56 
42 (21/21) No Yogurt with L. acidophilus La-5, B. lactis BB-12. (3.7 × 106) PL yogurt 

End vs BL (IG) - - ↓1.15 P>0.05 P>0.05 

Between interv. - - -0.91 P>0.05 P>0.05 

Ejtahed et al. 

(100) 

R, DB, CT, PC 

6 weeks (Denmark) 

M and W, 

30 to 60  
60 (30/30) No Yogurt with L. acidophilus La5 (7.23 x 106), B. lactis BB12. (6.04 x 106) PL yogurt 

End vs BL (IG) P>0.05 - P>0.05 ↓0.70 - 

Between interv. P>0.05 - -0.42 -0.88 - 

Added to FD matrix 

Naito et al. (40) 
R, DB, PC, PG 

8 weeks (Japan) 

M and W, 

20 to 64 
100 (50/50) No FM with L. casei Shirota YIT 9029. (>1.0 × 1011)  PL non FM End vs BL (IG) P>0.05 P>0.05 ↓0.05 P>0.05 - 

Between interv. P>0.05 P>0.05 P>0.05 P>0.05 - 

Tonucci et al. 

(50) 

R, DB, PC, PG 

6 weeks (Brazil) 

M and W, 

35 to 60 
45 (23/22) No FM with L. acidophilus La-5, B. animalis subsp. lactis BB-12. (2 x 109) PL FM 

End vs BL (IG) P>0.05 P>0.05 ↓0.67 P>0.05 - 

Between interv. P>0.05 P>0.05 -0.98 P>0.05 - 

Hove et al. (46) 
R, DB, PC 

12 weeks (Denmark) 

M,  

40 to 70 
41 (23/18) No FM with L. helveticus Cardi04. (n.d.) PL FM 

End vs BL (IG) P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 

Between interv. P>0.05 P>0.05 P>0.05 -0.90 P>0.05 

Ostadrahimi et 

al. (48) 

R, DB, PC 

8 weeks (Iran) 

M and W, 

35 to 65 
60 (30/30) No Kefir with L. casei, L. acidophilus, B. lactis. (n.d.) Dough 

End vs BL (IG) - - ↓1.21 ↓1.24 - 

Between interv. - - P>0.05 -1.17 - 

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, I, intervention; IG, intervention group; Hba1C, 

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) 

Author, year 
Study design 

Duration (Country) 

Gender,  

age (years) 
n (I./ PL) ITT 

Intervention (IG) 
(Type of admin. – Probiotic strain – CFU/day) 

Control group 

(CG) 
Compared to 

Total cholesterol 

(mmol/L)  
LDL-cholesterol (mmol/L)  HDL-cholesterol (mmol/L)  Triglycerides (mmol/L)  

Added to yogurt matrix 

Nishiyama et al. 

(51) 

R, DB, CT, PC 

8 weeks (Japan) 

 W, 

 23 to 66 
76 (37/39) No Yogurt with L. lactis 11/19-B1 and BB-12. (nd.) PL yogurt 

End vs BL (IG) ↓0.3 ↓0.25 P>0.05  

Between interv. P>0.05 P>0.05 P>0.05  

Ivey et al. (101) 
R, DB, CT, PC 

6 weeks (Australia) 

M and W, 

≥55 

156 (40/37) 

(39/40) 
No 

I1. Yogurt with L. acidophilus La5, B. lactis BB12 + Capsules with L. 

acidophilus La5, B. lactis BB12. (3 x 109) 

I2. Yogurt with L. acidophilus La5, B. lactis BB12 (3 x 109) + PL capsules 

I3. Milk + Capsules with L. acidophilus La5, B. lactis BB12 (3x109) 

Milk + PL 

capsules 

End vs BL (I1/I2/I3) P>0.05 P>0.05 P>0.05 P>0.05 

Between interv. (I1 vs I3) P>0.05 P>0.05 P>0.05 P>0.05 

Mohamadshahi 

et al.(42) 

R, DB, CT, PC 

8 weeks (Iran) 

M and W, 

≈51 
42 (21/21) No Yogurt with L. acidophilus La-5, B. lactis BB-12. (3.7 × 106) PL yogurt 

End vs BL (IG) ↓0.67 ↓0.79 P>0.05 P>0.05 

Between interv. P>0.05 -0.61 +0.89 P>0.05 

Added to FD matrix  

Sperry et al. (52) 
R, DB, PC, PG 

28 days (Brazil) 

W,  

35 to 72 
30 (15/15) No Cheese with L. casei 01. (1x 108) PL cheese 

End vs BL (IG) ↓0.32 ↓0.28 ↑0.14 ↓0.13 

Between interv. +0.09 -0.12 +0.1 -0.05 

Naito et al. (40) 
R, DB, PC, PG 

8 weeks (Japan) 

M and W, 

20 to 64 
100 (50/50) No FM with L. casei Shirota YIT 9029. (>1.0 × 1011)  PL non FM End vs BL (IG) P>0.05 P>0.05 P>0.05 P>0.05 

Between interv. -7.5 -↓6.0 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 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) 

Author, year 
Study design 

Duration (Country 

Gender,  

age (years) 
n (I./ PL) ITT 

Intervention (IG) 
(Type of admin. – Probiotic strain – CFU/day) 

Control group 

(CG) 
Compared to 

 WC  

(cm) 

Triglycerides 

(mg/dL) 

Total cholesterol 

(mmol/L) 
LDL-cholesterol (mmol/L) 

HDL-cholesterol 

(mmol/L) 

F. glucose 

(mmol/L 

Added to yogurt matrix 

Rezazadeh et al. 

(102) 

R, DB, PC, PG 

8 weeks (Iran) 

M and W, 

20 to 65 
44 (22/22) No Yogurt with L. acidophilus La5 (6.45 × 106) and B. lactis BB12. (4.94 × 106) PL yogurt 

End vs BL (IG) - - - - - ↓4.81 

Between interv. - - - - - -3.80 

Added to milk matrix 

Bernini et al. 

(103) 

R 

45 days (Brazil) 

M and W, 

18 to 60 
54 (26/25) No Milk with B. lactis subsp. nov. HN019. (3.4 x108) untreated 

End vs BL (IG) P>0.05 P>0.05 ↓0.39 ↓0.45 P>0.05 P>0.05 

Between 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, year 
Study design 

Duration (Country) 

Gender,  

age (years) 
n (I./ PL) ITT 

Intervention (IG) 
(Type of admin. – Probiotic strain – CFU/day) 

Control group 

(CG) 
Compared to 

Significant results 

BW (kg) BMI (kg/m2) WC (cm) BFM (Kg) BF (%) VAF (cm2) SCFA (cm2) 

Khalili et al. 

(56) 

R, DB, PC, PG, 

8 weeks (Iran) 

M and W, 

60 to 50 
40 (20/20) No Capsules with L. casei. (108) PL powder 

End vs BL (IG) ↓1.20 ↓0.485 ↓2.15 - - - - 

Between interv. -1.52  -0.84  -1.77  - - - - 

Kim et al. (104) 
R, DB, PC 

12 weeks (Korea) 

M and W, 

20 to 75 

90 

(30/30/30) 
No 

I1. Capsules with L. gasseri BNR17. (109) 

I2. Capsules with L. gasseri BNR17. (1010)	
PL powder	

End vs BL (IG) P>0.05 P>0.05 P>0.05 - - - - 

Between interv. (I1 vs CG) P>0.05 P>0.05 P>0.05 - - P>0.05 - 

Between interv. (I2 vs CG) -4.4 P>0.05 P>0.05 - - -21.6 - 

Kobyliak et al. 

(55) 

R, DB, PC, PG 

8 weeks (Ukraine) 

M and W, 

18 to 75 
53 (31/22) No 

Powder with 14 probiotic strains of L. + Lactococcus(6×1010), B. (1×1010), 

Propionibacterium(3×1010), Acetobacter(1×10). 
PL powder 

End vs BL (IG) ↑0.94 ↑0.26 ↑0.75 - - - - 

Between interv. +0.79 P>0.05 +0.62 - - - - 

Minami et al. 

(105) 

R, DB, PC, PG 

12 weeks (Japan) 

M and W, 

20 to 64 
80 (40/40) No Capsules with B. breve B-3.(2 × 1010) PL powder 

End vs BL (IG) - P>0.05 ↓1.0 P>0.05 P>0.05 P>0.05 P>0.05 

Between interv. - P>0.05 P>0.05 -0.6 -0.7 P>0.05 P>0.05 

Pedret et al. 

(62) 

R, DB, PC, PG 

12 weeks (Spain) 

M and W, 

>18  

126 

(42/44/40) 
Yes 

I1. Capsules with B. animalis subsp. lactis CECT 8145.(1 X 1010) 

I2. Heat-killed B. animalis subsp. lactis CECT 8145. (1 X 1010) 
PL powder 

End vs BL (I1/I2)  ↓0.34/ P>0.05  ↓1.74/↓1.88 P>0.05 P>0.05 P>0.05 P>0.05 

Between interv. (I1 vs CG)  -0.43 -1.88 P>0.05 P>0.05 P>0.05 P>0.05 

Between interv. (I2 vs CG)  P>0.05 -1.66 P>0.05 P>0.05 -7.01 P>0.05 

Szulinska et al. 

(63) 

R, DB, PC, PG 

12 week (Poland) 
W, 45 to 70 

81 

(27/27/27) 
No 

I1: Powder of Ecologic® Barrier: B. bifidum W23, B. lactis W52, L. 

acidophilus W37, L. bravis W63, L. casei W56, L. salivarius W24, L. lactis 

W19 and W58.(1 × 1010) 

I2. Powder of Ecologic® Barrier. (2,5 x 109) 

PL powder 
End vs BL (I1/I2) - P>0.05 -0.54/-1.06 -0.22/-0.62 P>0.05/-0.54 

P>0.05/-

0.58/ 

P>0.05 

-0.83/-0.99 

Between interv. (I1 vs CG) - P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 

Gomes et al. 

(59) 

R, DB, PC, PG 

8 weeks (Brazil) 
W, 20 to 59 43 (21/22) No 

Powder of Danisco®: L. acidophilus LA-14, L. casei LC-11, L. lactis LL-23, 

B. bifidum BB-06, B. Lactis BL-4. (2 x 1010) 
PL powder 

End vs BL (IG) ↓0.98 ↓0.45 ↓5.14 ↓1.34 - - - 

Between interv. P>0.05 P>0.05 -1.81 P>0.05 - - - 

Mahadzir et al. 

(54) 

R, DB, CT, PG 

4 weeks (Malaysia) 

M and W, 

18 to 50 
24 (12/12) No 

Powder of L. acidophilus, L. casei, L. lactis, B.bifidum, B. longum, B. 

Infantis. (60x109) 
PL powder 

End vs BL (IG) P>0.05 - P>0.05 - - - - 

Between interv. P>0.05 - P>0.05 - - - - 

Mobini et al. 

(106) 

R, DB, PC, PG 

12 weeks (Sweden) 

M and W, 

50 to 75 

44 

(14/15/15) 
No 

I1. Powder of L. reuteri DS17938. (1x1010) 

I2. L. reuteri DS17938. (1x108) 
PL powder 

End vs BL (I1/I2) P>0.05 P>0.05 P>0.05 P>0.05 - - - 

Between interv. P>0.05 P>0.05 P>0.05 P>0.05 - - - 

Sabico et al.  

(64) 

R, DB, PC 

12 weeks (Saudi 

Arabia) 

M and W, 

30 to 60 
61 (31/30) Yes Powder of Ecologic® Barrier. (2.5 × 109) PL powder 

End vs BL (IG) P>0.05 P>0.05 - - - - - 

Between interv. P>0.05 P>0.05 - - - - - 

Firouzi et al. 

(60) 

R, DB, PG, PC 

12 weeks (Malaysia) 

M and W, 

30 to 70 
136 (68/68) Yes 

I1. Powder of L. acidophilus, L. casei, L. lactis, B. bifidum, B. longum, B. 

infantis. (6×1010) only in men. 

I2. Same I1 powder only in women. 

PL powder 
End vs BL (I1/I2) P>0.05 P>0.05 P>0.05/↓2.00 - - - - 

Between interv. P>0.05 P>0.05 P>0.05 - - - - 

Higashikawa et 

al. (65) 

R, DB, PC, PG 

12 weeks (Japan) 

M and W, 

20 to 70 

62 

(21/21/20) 
Yes 

I1. Powder of P. pentosaceus LP28 living. 

I2. Powder of P. pentosaceus LP28 heat-killed. (1 x 1011) 
PL powder 

End vs BL (I1/I2) - P>0.05 P>0.05/↓1.83 P>0.05/ ↓1.77 ↓0.51/ ↓ 1.03 - - 

Between interv. (I2 vs CG) - P>0.05 -2.84 -1.17 -1.11 - - 

Jung et al.(58) 
R, DB, PC 

12 weeks (Korea) 

M and W, 

20 to 65 
95 (49/46) No Powder of L. curvatus HY7601 and L. plantarum KY1032. (5 x 109) PL powder 

End vs BL (IG) ↓0.65 ↓0.24 ↓0.50 - - P>0.05 ↓3.60 

Between interv. -1.0 -0.3 P>0.05 - - P>0.05 -8.10 

Chung et al. 

(20) 

R, DB, PC 

12 weeks (Korea) 

M and W, 

25 to 65 
37 (18/19) No Capsules of L. JBD301. (1 x 109) 

vegetable 

cream capsule 

End vs BL (IG) ↑0.31 ↑0.32 - P>0.05 - - - 

Between interv. -1.46 -1.33 - P>0.05 - - - 

Minami et 

al.(61) 

R, DB, PG, PC 

12 weeks (Japan) 

M and W, 

40 to 69 
44 (19/25) No Capsules of B. breve B-3. (5 x 1010) PL capsules 

End vs BL (IG ↑0.20 P>0.05 - ↓0.70 ↓1.00 - - 

Between interv. P>0.05 P>0.05 - ↓0.1 P>0.05 - - 

Jung et al.(57) 
R, DB, PC 

12 weeks (Korea) 

M and W, 

19 to 60 
62 (29/23) Yes Capsules of L. gasseri BNR17. (1 x 1010) PL capsules 

End vs BL (IG) P>0.05 ↓0.60 ↓2.00 - P>0.05 - - 

Between interv. P>0.05 P>0.05 P>0.05 - P>0.05 - - 

Aller et al. 

(107) 

R, DB, PC 

12 weeks (Spain) 

M and W, 

39 to 59 
28 (14/14) No Tablet of L. bulgaricus, S. thermophiles. (5 x 108) PL tablet 

End vs BL (IG) P>0.05 P>0.05 - P>0.05 - - - 

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) 

Author, year 
Study design 

Duration (Country) 

Gender, age 

(years) 
N (I./PL) ITT 

Intervention (CFU/day) (IG) 
(Type of admin. – Probiotic strain – CFU/day) 

Control group 

(CG) 
Compared to 

Significant results 

F. insulin 
(µIU/mL)  

HOMA-IR Hba1C (%) F. glucose (mmol/L) Plasma CRP (mg/L) 

Razmpoosh et 

al. (66) 

R, DB, PC, PG 

6 weeks (Iran) 

M and W, 

30 to 75 
68 (34/34) No 

Capsules with L. acidophilus (2x109), L. casei (7X109), L. rhamnosus 

(1.5x109), L. bulgaricus (2x108), B.breve (3x1010), B. longum (7x109), S. 

thermophiles. (1.5x109)	

PL capsules	
End vs BL (IG) P>0.05 P>0.05 - ↓17.8 - 

Between interv. P>0.05 P>0.05 - P>0.05 - 

Sabico et al. 

(53) 

R, DB, PC, PG 

24 weeks (Saudi Arabia) 

M and W, 

30 to 60 
96 (48/48) Yes Powder with Ecologic®Barrier. (2.5x109) PL powder 

End vs BL (IG) ↓3.8 ↓3.4 - ↓4.5 ↓2.9 

Between interv. P>0.05 -0.34 - P>0.05 P>0.05 

Kassaian et 

al.(68) 

R, DB, PC, PG 

24 weeks (Iran) 

M and W, 

35 to 75 

120 

(40/40/40) 
No 

Freeze-dried powder with L. acidophilus, B. lactis, B. bifidum, and B. 

longum. (1 × 109)	
PL powder	

End vs BL (IG) P>0.05 P>0.05 P>0.05 ↓6.49 - 

Between interv. P>0.05 P>0.05 P>0.05 P>0.05 - 

Khalili et al. 

(56) 

R, DB, PC, PG 

8 weeks (Iran) 

M and W, 

30 to 50 
40 (20/20) No Capsules with L. casei. (108) PL powder 

End vs BL (IG) ↓2.33 ↓29.72 P>0.05 ↓28.35 - 

Between interv. -3.12 -32.31  P>0.05 -28.32  - 

Kobyliak et al. 

(55) 

R, DB, PC, PG 

8 weeks (Ukraine) 

M and W, 

18 to 75 
53 (31/22) No 

Powder with 14 alive probiotic strains of L. + Lactococcus (6×1010), B. 

(1×1010), Propionibacterium (3×1010), Acetobacter (1×10) genera. 
PL powder 

End vs BL (IG) P>0.05 - P>0.05 P>0.05 - 

Between interv. P>0.05 - P>0.05 P>0.05 - 

Hsieh et al. 

(69) 

R, DB, PC, PG 

9 weeks (Taiwan) 

M and W, 

25 to 70  

74 

(25/25/24) 
No 

I1. Capsules with L. reuteri ADR-1. (4 × 109) 

I2. Capsules with Heat-killed L. reuteri ADR-3. (2 × 1010)	
PL powder	

End vs BL (I1/I2) - - - - - 

Between interv. (I1 vs CG) P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 

Between interv. (I1 vs CG) P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 

Raygan et al. 

(67) 

R, DB, PC, PG 

12 weeks (Iran) 

M and W, 

40 to 85  
60 (30/30) No 

Capsules with B. bifidum (2 × 109), L. casei (2 × 109), L. acidophilus 2 × 

109). 
PL capsules 

End vs BL (IG) - - - - - 

Between interv. -2.09 -0.50 - -20.02 -0.88 

Mobini et al. 

(106) 

R, DB, PC, PG 

12 weeks (Sweden) 

M and W, 

50 to 75 

44 

(14/15/15) 
No Powder with L. reuteri DS17938. (1 x 108) PL powder 

End vs BL (IG) - - P>0.05 - P>0.05 

Between interv. - - P>0.05 - P>0.05 

Sabico et al. 

(64) 

R, DB, PC 

12 weeks (Saudi Arabia) 

M and W, 

30 to 60 
61 (31/30) Yes Powder with Ecologic® Barrier. (2.5 × 109) PL powder 

End vs BL (IG) ↓3.00 ↓3.20 - ↓3.20 - 

Between interv. P>0.05. P>0.05 - P>0.05 - 

Firouzi et al. 

(60) 

R, DB, PG, PC 

12 weeks (Malaysia) 

M and W, 

30 to 70 
136 (68/68) Yes 

Powder with L. acidophilus, L. casei, L. lactis, B. bifidum, B. longum, B. 

infantis. (6 × 1010) 
PL powder 

End vs BL (IG) ↓2.90 P>0.05 ↓0.14 P>0.05 P>0.05 

Between interv. P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 

Mazloom et al. 

(21) 

R, SB 

6 weeks (Iran) 

M and W, 

25 to 65 
34 (16/18) No Capsules with L. acidophilus, L. bulgaricus, L. bifidum, L. casei. (n.d.) 

magnesium 

stearate 

End vs BL (IG) P>0.05 P>0.05 - - - 

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; Hba1C, 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) 

Author, year 
Study design 

Duration (Country) 

Gender, age 

(years) 
N (I./PL) ITT 

Intervention (CFU/day) (IG) 
(Type of admin. – Probiotic strain – CFU/day) 

Control group 

(CG) 
Compared to 

Significant results 

Total cholesterol 

(mmol/L)  

LDL-cholesterol 

(mmol/L)  

HDL-cholesterol 

(mmol/L)  

Triglycerides 

(mmol/L)  

Culpepper et 

al. (70) 

R, DB, PC, CO 

18 weeks (EEUU) 

M and W, 

18 to 65 
114 No 

I1.Capsules of Bacillus subtilis R0179. (5x109) 

I2. L. plantarum HA-119. (5x109) 

I3. B. animalis subsp. lactis B94. (5x109) 

PL powder 
End vs BL (I1/I2/I3) 

P>0.05 P>0.05 P>0.05 P>0.05 

Between interv. 

Brahe et al. 

(72) 

R, PG, PC 

6 weeks (Denmark) 

Menopausal 

W, 40 to 70 

53 

(18/19/16) 
No Powder with L. paracasei spp. paracasei F1. (9.4 x 1010) PL powder 

End vs BL (IG) P>0.05 P>0.05 P>0.05 P>0.05 

Between interv. P>0.05 P>0.05 P>0.05 P>0.05 

Fuentes et al. 

(71) 

R, DB, PC, PG 

16 weeks (Spain) 

M and W, 

18 to 65 
60 (30/30) No Capsules with L. plantarum CECT7527, CECT7528, CECT7529. (1 x 1010) PL capsules 

End vs BL (IG) ↓0.7 ↓0.53 ↑0.07 ↓0.87 

Between interv. -0.45 -0.28 +0.06 -0.70 

Rerksuppaphol 

et al. (73) 

R, DB, CT, PC 

6 weeks (Thailand) 

M and W, 

40 to 58 
64 (31/33) No Capsules with L. acidophilus (3 x 109), L. bifidum. (3 x 109)  PL capsules 

End vs BL (IG) ↓0.64 P>0.05 P>0.05 P>0.05 

Between interv. -1.20 -0.70 -0.08 P>0.05 

Jones et al. 

(74) 

R, DB, PC, PG, MC 

13 weeks 

(Czech Republic) 

M and W, 

20 to 75 
127 (66/61) No Capsules with L. reuteri NCIMB 30242. (2.9 X 109) PL capsules 

End vs BL (IG) P>0.05 P>0.05 P>0.05 P>0.05 

Between interv. -0.58 -0.51 P>0.05 P>0.05 

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; Hba1C, 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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