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Abstract 

Background: Patients with type‑2 diabetes mellitus (T2DM), have a higher risk of future cardiovascular diseases 
(CVD). Meanwhile, probiotics are shown to positively impact CVD‑related parameters. This randomized controlled 
trial sought to evaluate the effects of probiotic supplementation on fundamental CVD‑related parameters including 
atherogenic index of plasma (AIPs), blood pressure, the Framingham risk score, and antioxidant markers in patients 
with T2DM.

Methods: Eligible participants were randomly assigned to receive 2 capsules/day of probiotics [each con‑
taining 500 mg of L.acidophilus(5 ×  1010 CFU/g), L.plantarum(1.5 ×  1010 CFU/g), L.fermentum(7 ×  109 CFU/g), 
L.Gasseri(2 ×  1010 CFU/g) and 38.5 mg of fructo‑oligo‑saccharides], or placebo for 6 weeks. Systolic and diastolic blood 
pressures (SBP and DBP, respectively), mean arterial blood pressure (MAP), atherogenic indices (the ratios of TC/HDL‑C, 
LDL‑C/HDL‑C, and logTG/HDL‑C), the 10‑year Framingham CVD risk score, as well as total anti‑oxidant capacity (TAC), 
paraoxonase (PON) and total oxidant status (TOS) were evaluated before and after the study. Final analyses were 
adjusted based on baseline parameters, and potential covariates including age, sex, PUFA and sodium intakes.

Results: Sixty participants completed the study. Compared with placebo, probiotic supplementation resulted in a 
significant decrease in SBP[‑9.24 mmHg(− 14.5, − 3.9)], DBP[− 3.71 mmHg(− 6.59, − 0.83)], MAP[− 5.55 mmHg(− 8.8, 
− 2.31)], the Framingham risk categories [medium–low(1.5) vs. 2 (medium)] and logTG/HDL‑C ratio [− 0.08 (− 0.14, 0)] 
(All P < 0.05) at the end of the study. No significant changes were observed in the antioxidant markers.

Conclusion: Overall, probiotic supplementation for 6 weeks led to a significant improvement in major CVD‑related 
parameters in populations with T2DM, suggesting the possible beneficial role of probiotics in lowering the risk of 
future CVDs associated with diabetes. Nevertheless, more studies are needed to confirm the veracity of these results.
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Introduction
Type-2 diabetes mellitus (T2DM) is one of the most com-
mon metabolic diseases in humans, with a growing prev-
alence. The number of patients with T2DM is expected 
to increase to 629 million people by 2045 [1]. It is well-
known that T2DM is associated with adverse effects, 
including cardiovascular diseases (CVD). According 
to a meta-analysis, there are clustering risk factors in 
patients with T2DM that make them have a two-to four-
fold excess risk of incident coronary heart disease [2]. 
Evidence has demonstrated that oxidative stress plays a 
major role in the progression of atherosclerosis and sus-
ceptibility to CVD [3]. Plenty of studies have pointed out 
that T2DM is strongly associated with a decreased sta-
tus of antioxidant markers, of which the major ones are 
paraoxonase (PON), total antioxidant capacity (TAC) 
and total oxidant status (TOS) parameters [4]. In fact, 
increased oxidative status and decreased levels of antioxi-
dant markers in patients with T2DM are associated with 
insulin resistance and carotid intima-media thickness, 
which all concurrently contribute to the elevated CVD 
risk in this population [5, 6]. On the other hand, athero-
genic indexes of plasma (AIPs) have been proposed to be 
one of the strongest predictive indicators of atherosclero-
sis and CVDs [7]. These new comprehensive lipid indices 
generally include the ratios of logarithm of triglycerides 
(TG)/high-density lipoprotein cholesterol (HDL-C), total 
cholesterol (TC)/HDL-C and low-density lipoprotein 
cholesterol (LDL-C)/HDL-C [8]. The prevalence of CVD 
in populations with T2DM has been shown to be signifi-
cantly higher in patients with higher AIPs [9]. Another 
substantial predictor of CVDs is the Framingham score, 
which is the most widely used risk score that help clini-
cians assess the 10-year risk of developing CVDs follow-
ing fundamental information of every individual [10]. 
According to a recent Asian population-based study, 
patients with T2DM have a 20-percent increased 10-year 
CVD risk based on the Framingham risk score, mostly 
due to the untreated elevated systolic blood pressure 
(SBP) [11].

Meanwhile, the beneficial role of probiotics in health 
improvement has been increasingly taken into consid-
eration [12]. The two main strains of probiotics used for 
health advantages include Lactobacillus and Bifidobacte-
rium. Studies suggest that these two strains exert positive 
effects on alleviating diabetes-associated complications 
through lowering serum cholesterol, producing short 

chain fatty acids, and increasing bile salt deconjugation 
[13, 14]. According to animal studies, Lactobacillus and 
Bifidobacterium strains inhibit β-cells destruction in the 
islets of Langerhans and result in an improvement in 
insulin-binding potential [15].

However, according to previous human investigations, 
there are inconsistent findings regarding the positive role 
of probiotics in the management of CVD-related mark-
ers in patients with T2DM [16–18]. A recent systematic 
review and meta-analysis suggested that supplementa-
tion with probiotics resulted in a significant reduction 
in all lipid profile parameters and SBP, but did not have 
a meaningful effect on diastolic blood pressure (DBP) 
in patients with metabolic syndrome [19]. In contrast, 
another meta-analysis of human studies reported that 
although probiotic intervention had a significant effect 
on both SBP and DBP measures, it did not affect the 
LDL-C concentration in patients with T2DM [20]. In a 
randomized controlled trial study, probiotic intervention 
was shown to have a significant effect on TAC measures 
in patients with T2DM [21], while other studies found 
no significant effects [17, 18]. Our previous findings also 
showed a significant improvement in serum glucose and 
HDL-C measures following probiotic supplementation, 
while no significant changes were seen in the levels of 
serum TC [22]. No randomized-controlled trial studies 
(RCTs) reported the effects of probiotics on Framingham 
risk score in this population, while a few human inves-
tigations evaluated the effects of probiotic supplementa-
tion on atherogenic indices, reporting both significant 
[23] and insignificant [24] findings. These contradictory 
results highlight the significance of conducting additional 
research on the impact of probiotics on CVD-related 
markers in populations with T2DM.

Hence, the present study aimed to investigate the 
effects of probiotic supplementation on antioxidant 
markers including TAC, TOS and PON, blood pressure, 
AIPs and the 10-year Framingham risk score, as funda-
mental predictors of CVDs, in patients with T2DM who 
have a pronounced risk of future CVD.

Materials and methods
Participants
This randomized controlled trial was conducted in 
Taleghani hospital, Tehran, Iran with the registration 
code IRCT2013100714925N1 (retrospectively registered 
on November 9th, 2013) (available at: https:// en. irct. ir/ 

Trial registration: IRCT2013100714925N1 (registered on November, 9th, 2013).
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trial/ 14380) [25]. This is a secondary data-analysis of a 
previous investigation [22].

Inclusion criteria were men and women aged 
30–75  years who were diagnosed with T2DM accord-
ing to American Diabetes Association guidelines [26]. 
Participants were not included if they required insu-
lin injections, consumed probiotic supplements in the 
three months prior to the study initiation, or were diag-
nosed with kidney, liver, inflammatory, intestinal, or 
heart diseases, or had pulmonary and immunodeficiency 
disorders. In addition, individuals with pregnancy/breast-
feeding, allergy diseases, and short bowel syndrome were 
not included.

According to a previous study [27], the sample size was 
determined based on glycemic profile variables. For an 
expected change of 15  mg/dl between the intervention 
and control groups and considering α = 0.05 and a power 
of 80%, the required sample size per group was estimated 
to be 30 participants. This number was increased to 34 
per group to accommodate the anticipated dropout rate.

Study design
In this double-blind RCT study, a total of 68 patients 
with T2DM were randomly assigned into two groups to 
receive either probiotic supplements (n = 34) or placebo 
(n = 34) for 6  weeks. Randomization was performed 
using a block randomization process with matched par-
ticipants in each block based on their sex. Allocation 
concealment was performed using sealed envelopes.

Each group consumed either two placebo capsules or 
two probiotic capsules per day for 6  weeks. Probiotic 
and placebo capsules had the same appearance, and nei-
ther the patients nor the researchers were aware of the 
treatment in the investigation. Participants were asked 
not to alter their usual dietary habits and routine physi-
cal activity and to avoid consuming any other synbiotic 
and probiotic products or dietary supplements during 
the study. Compliance with the consumption was moni-
tored by a telephone interview once a week, as well as a 
face-to-face interview every 2  weeks. Participants were 
excluded if they had taken less than 90% of the supple-
ments or showed any gastro-intestinal adverse effects. 
Demographic information, food consumption and fasting 
blood samples were collected at the baseline and at the 
end of the study.

Data collection
Macro- and micronutrient intakes were calculated using 
a 3  day 24-h dietary recall, with data analyzed using 
Nutritionist 4 software (First Databank, San Bruno, CA, 
USA), and household measurements used to convert the 
records to grams per day [28]. Physical activity level was 
assessed using a physical activity questionnaire (MAQ). 

The reliability and validity of the questionnaire were con-
firmed in the Iranian urban adult population [29].

The weight of the participants was measured by a 
weight scale (Seca, Hamburg, Germany) with 0.1-kg 
accuracy with minimal clothing and no shoes. Height was 
measured using a stadiometer (Seca) with 0.1 cm of accu-
racy without shoes. Body mass index (BMI) was calcu-
lated by dividing a person’s weight in kilograms by their 
height in meters squared.

Laboratory data
Blood samples were collected from the antecubital vein 
of every participant’s left arm after a 12-h overnight 
fast. The serum samples were separated from the whole 
blood by centrifugation at 3500 rpm for 10 min (Hettich 
D-78532; Tuttlingen, Germany). The samples were fro-
zen immediately and stored at − 70 °C until the analysis, 
at the research institute for endocrine sciences, Shahid 
Beheshti University of Medical Sciences, Tehran, Iran.

Serum TAC, and TOS were measured by the chemical 
colorimetric technique using the Zell bio kit (Germany), 
and PON was measured by an enzymatic colorimetric 
method using the Zell bio kit (Germany).

The values of AIPs, including the ratios of TC/HDL-
C, LDL-C/HDL-C, and log TG/HDL-C, were calculated 
based on previously reported data [22].

Blood pressure, including SBP and DBP, and heart rate 
(HR) measures were assessed using a mercury sphyg-
momanometer (Rossmax, Swiss, model GB-102). Mean 
arterial blood pressure (MAP) was calculated using a for-
mula in which DBP was doubled and added to SBP and 
that composite sum was then divided by 3 [30].

The modified Framingham risk score was calculated 
using major coronary risk factors. The diagnosis of 
T2DM is a substantial risk factor for the Framingham 
risk score calculation. Other risk factors include sex, 
age, SBP, TC, HDL-C, and smoking status, as well as the 
treatment status of high blood pressure, and final scores 
were shown as percentages. Every risk factor was classi-
fied into specific categories, and each category was given 
a specific point [31]. The cutoffs for every risk factor were 
as follows: SBP: < 120, 120–129, 130–139, 140–159, and 
≥ 160 mmHg; for TC < 160, 160–199, 200–239, 240–279, 
and  ≥ 280  mg/dL; and for HDL-C: < 40, 40–49, 50–59, 
and ≥ 60 mg/dL. The sum of the points was used to esti-
mate the ten-year Framingham risk percentage, which 
was as follows: 1 point 6%, 2 points 8%, 3 points 10%, 4 
points 12%, 5 points 16%, 6 points 20%, 7 points 25%, 10 
points or more > 30%. Finally, participants were classified 
as having a low (10% score), moderate (10–19% score), or 
high (> 19% score) risk of future 10 year CVDs based on 
their final risk score [32].

https://en.irct.ir/trial/14380
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Ethical approval
The study was approved by the ethics committee at 
Shahid Beheshti University of Medical Sciences (Code: 
IR.SBMU.ENDOCRINE.REC.1395.250). All participants 
signed an informed consent form prior to the study. The 
trial has been registered with the Iranian registry of clini-
cal trials, IRCT 2013100714925N1 [33].

Intervention
Patients in the intervention group received 2 probiotic 
capsules per day, one after lunch and one after the even-
ing meal, for 6  weeks. Probiotics were kindly produced 
by Familact Co. [34]. Participants were asked to keep 
the capsules in the refrigerator during the study. Each 
capsule contained 500 mg of probiotics which consisted 
of the following 7 viable and freeze-dried bacterial spe-
cies: Lactobacillus acidophilus [2  ×  109 colony form-
ing units (CFU]), L_casei (7  ×  109  CFU), L_bulgaricus 
(2 × 108 CFU), L_rhamnosus (1.5 × 109 CFU), Bifidobac-
terium breve (3 × 1010 CFU), B. longum (7 × 109 CFU), 
Streptococcus thermophilus (1.5 × 109 CFU), and 100 mg 
of fructo-oligosaccharide with lactose as carrier sub-
stances. Patients in the placebo group received 2 placebo 
capsules per day, which contained the same contents with 
magnesium stearate and without the bacteria species.

Statistical analysis
Statistical analyses were performed using SPSS ver-
sion 21. Continuous variables were expressed as 
mean ± standard deviation (SDs) and descriptive sta-
tistics were presented as frequencies. Chi-square tests 
and independent sample t-tests were used to compare 
the qualitative and quantitative variables between the 
two groups at the beginning of the study. For between-
group comparisons of non-normal quantitative variables, 
Mann–Whitney U tests were used.

The normality of the distribution of variables was 
checked by the Kolmogorov–Smirnov test. The log-
transformation was used for the variables that were non-
normally distributed.

The paired sample t-tests and Wilcoxon Signed Ranks 
tests were applied to compare the mean values of vari-
ables before and after the intervention in each group. 
Finally, differences between the two groups after the 
intervention were specified by the analysis of covari-
ance (ANCOVA), adjusting for baseline measurements, 
age, sex, polyunsaturated fatty acids (PUFA), and sodium 
intakes as the confounding factors. The Chi-square test 
and Friedman test were used for between-group and 
within-group differences in the categorical variables at 
the end of the study.

Results
The initial participants of the study included a total 
of 68 patients with T2DM. Eight participants were 
excluded from the statistical analysis (4 individuals in 
each of the probiotic and placebo groups) since they 
needed to have either insulin (n = 3) or supplement 
therapy (n = 1) or they did not complete their interven-
tions at the expected time (n = 4). Finally, data was ana-
lyzed for 60 participants (30 individuals in each group). 
Figure 1 shows the complete flow of the study based on 
the Consolidated Standards of Reporting Trials (CON-
SORT) flow diagram.

Patients did not report any adverse effects related to 
the probiotic consumption during the study. Table  1 
shows the characteristics of the participants in each 
group at baseline.

After the final analyses, a statistically significant dif-
ference was observed between the two groups with 
respect to the mean age of patients (P = 0.018), while 
other baseline characteristics of the patients did not 
differ between the two groups (P > 0.05). The analysis of 
dietary intakes is shown in Table 2. At the beginning of 
the study, no significant differences were found between 
the two groups regarding energy, carbohydrate, protein, 
saturated fatty acid, monounsaturated fatty acid, cho-
lesterol, dietary fiber and vitamin C intakes (P > 0.05). 
However, there were significant differences between 
the two groups with respect to the intake of PUFA, and 
sodium intakes at the baseline of the study (P < 0.05). 
In addition, considerable differences in dietary intakes 
of energy, saturated fatty acids, monounsaturated fatty 
acids, and dietary fiber were found between the two 
groups, at the end of the study (P < 0.05). At the base-
line, no significant differences were found between 
the two groups in terms of blood pressure, AIPs, the 
Framingham risk score and the antioxidant biomarkers 
including TAC, TOS and PON (P > 0.05).

Results from the final analyses indicated that there 
were significant differences between the two groups in 
the levels of SBP, DBP and MAP as well as the meas-
ures of the Framingham risk categories and the ratio of 
logTG/HDL-C at the end of the study in the interven-
tion group after adjusting for baseline measures and 
covariates, compared to the placebo group (P < 0.05). 
There were no considerable differences in the levels of 
other parameters between the two groups at the end of 
the study. Within-group analyses indicated that there 
was a significant decrease in the measures of SBP, DBP, 
MAP, logTG/HDL-C and the Framingham risk score in 
the probiotic group. The measures of DBP and MAP 
were also decreased significantly in the control group, 
though with a smaller median difference (Table 3).
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Discussion
The present investigation aimed to assess the effect 

of probiotics on major predictors of CVDs, including 
antioxidant parameters, AIPs, blood pressure, and the 
10-year Framingham risk score in patients with T2DM. 
The key findings indicated that patients who consumed 
probiotics for 6 weeks had lower levels of SBP, DBP, MAP, 
logTG-HDL-C, and Framingham risk categories com-
pared to the placebo group, after adjusting for baseline 
parameters and potential confounders.

In line with our results, a systematic review and meta-
analysis of 14 studies showed that probiotics and synbi-
otics supplementation had a significant reducing effect 
on both SBP and DBP levels in populations with T2DM 
[16]. In fact, it has been hypothesized that the angioten-
sin-converting enzyme inhibitors can be converted into 
active form through the fermentation process by probi-
otic bacteria, which positively affects SBP, DBP and MAP 
measures [35]. However, this effect has been found to 
be much higher when probiotics are taken through fer-
mentable foods [36]. Similarly, evidence has proven that 
the antioxidant-increasing effects of probiotics were only 
seen when they were consumed in combination with fer-
mentable foods, including dairy products, which might 
be mostly due to the overgrowth and elevated activities 
of probiotic strains [37]. That would be the main reason 
for not achieving the significant changes in antioxidant 

Assessed for eligibility criteria 
(n=80)

Excluded (n=12)
    Did not meet inclusion criteria (n=5)

    Personal reasons (n=3)

    Declined for participation (n=4)

Randomized (n=68)

Placebo group (n=34)
Allocation

Probiotic group (n=34)

Lost to follow-up (n=4)

   Did not complete the intervention (n=1)

   Needed insulin therapy (n=2)

   Needed supplement therapy (n=1)  

Lost to follow-up (n=4)

    Did not complete the intervention (n=3)

    Needed insulin therapy (n=1)

Follow-Up

Analysed (n=30) 

Analysis

Analysed (n=30) 

Enrollment

Fig. 1 Flow of study

Table 1 Baseline characteristics of participants

Bold indicates the significant measures

Age is presented as median and interquartile range

Data are presented as mean ± SD for continuous and percent for categorical 
variables
* P value obtained from either one sample t-test or chi-square test
a BMI, body mass index

Probiotic group
(n = 30)

Placebo group
(n = 30)

P-value*

Age (y) 58.5 (52–64) 61 (57–65) 0.018
Sex (male, %) 17 (56.7%) 16 (53.3%) 0.36

Weight (kg) 75.24 ± 16 74.1 ± 9 0.79

BMIa (kg/m2) 27.4 ± 4 27.16 ± 4 0.63

Physical activity

 Low 11 (36.7%) 13 (44.8%) 0.52

 Moderate 19 (63.3%) 16 (55.2%)

Drug consumption

 Metformin 14 (46.7%) 11 (36.7%) 0.9

 Others 16 (53.3%) 19 (63.3%)

 Duration of diabetes 
(y)

6.16 ± 3 5.89 ± 3 0.72
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parameters including TAC, TOS and PON in the present 
study. The short-duration of the intervention and differ-
ences in ethnicity might be another reason for the pre-
sent insignificant findings.

On the other hand, a few investigations have evalu-
ated the effects of either probiotics or synbiotics on AIPs 
among patients with T2DM [21, 23, 24]. Sabico et  al. 
assessed the pure intervention of probiotics for 12 weeks 
in participants with T2DM and, consistent with our find-
ings, they reported no significant changes in TC/HDL-C 
ratio [24]. However, Ejtahed et  al. evaluated the effect 
of yogurt enriched with probiotics on AIPs in individu-
als with T2DM, and similar to our results, they showed a 
significant decrease in logTG/HDL-C ratio [21]. It should 
be noted that although Ejtahed et  al. reported posi-
tive effects of probiotics on AIP, they used yogurt as the 
probiotic carrier instead of probiotic supplements alone 
[21]. As mentioned above, dairy products enriched with 
probiotics have not only positive effects on the growth 
of probiotics strains, but exert promising effects on car-
diovascular-related parameters because of the presence 
of other ingredients like calcium, sphingolipid, and pro-
tein [38]. This indicates that the efficacy of dairy products 
enriched with probiotics on AIPs may not be consider-
able enough to introduce probiotics as CVD-preventive 
agents, and hence, our finding regarding the sole positive 
effect of probiotics supplements on AIPs is noteworthy.

The present study also showed that the Framing-
ham risk categories were reported to be significantly 
decreased in the intervention group compared to the pla-
cebo, following the probiotic supplementation. Although 
all participants with T2DM have one major component 
of the Framingham risk score (which is the diagnosis 
of T2DM), this score is still useful for future CVD risk 

Table 2 Dietary intakes of participants throughout the study

Variables Probiotic 
group
(n = 30)

Placebo 
group
(n = 30)

P-value

Energy (Kcal)

 Baseline 1966 ± 454 2009 ± 415 0.7

 After intervention 1851 ± 309 2044 ± 378 0.03‡

 P† 0.12 0.54

Carbohydrate (g)

 Baseline 242 ± 64.4 242 ± 65.2 0.61

 After intervention 228 ± 46 256 ± 73 0.09

 P† 0.14 0.18

Protein (g)

 Baseline 80 ± 37 73 ± 25 0.4

 After intervention 74 ± 26 83 ± 36 0.2

 P† 0.47 0.19

Total fat (g)

 Baseline 74.4 ± 35 85.3 ± 25 0.17

 After intervention 72.1 ± 24 81.1 ± 22 0.16

 P† 0.68 0.44

Saturated fat (g)

 Baseline 20 ± 8 21 ± 7 0.9

 After intervention 18 ± 5 22.5 ± 16 0.04‡

 P† 0.13 0.18

Monounsaturated fat (g)

 Baseline 18.22 ± 8.95 20 ± 8 0.36

 After intervention 15.86 ± 6.35 20 ± 7 0.02‡

 P† 0.74 0.89

Polyunsaturated fat(g)

 Baseline 24 ± 24 38.9 ± 23 0.011*

 After intervention 30 ± 20 33 ± 14 0.5

 P† 0.28 0.11

Cholesterol

 Baseline 208 ± 145 195 ± 108 0.7

 After intervention 209 ± 141 208 ± 139 0.9

 P† 0.95 0.72

Dietary fiber (g)

 Baseline 9.6 ± 5.4 10.6 ± 5 0.49

 After intervention 7.5 ± 4.9 10.6 ± 4 0.008‡

 P† 0.003 0.59

Vitamin E

 Baseline 15 ± 12 16.8 ± 13 0.29

 After intervention 17.9 ± 15 17 ± 8 0.79

 P† 0.1 0.48

Vitamin C

 Baseline 59 ± 50 56 ± 50 0.8

 After intervention 82 ± 97 83 ± 93 0.9

 P† 0.18 0.12

Calcium (mg)

 Baseline 774.9 ± 246.4 740.1 ± 313.8 0.64

 After intervention 729.8 ± 267.9 875.6 ± 342.5 0.07

 P† 0.42 0.013

Table 2 (continued)

Variables Probiotic 
group
(n = 30)

Placebo 
group
(n = 30)

P-value

Magnesium (mg)

 Baseline 248.2 ± 62.7 240.7 ± 66.3 0.66

 After intervention 250.1 ± 58 251.6 ± 61.1 0.92

 P† 0.9 0.42

Sodium (mg)

 Baseline 2407.3 ± 998.7 1834.2 ± 868.9 0.02
 After intervention 2049.7 ± 782.2 2314 ± 794.7 0.19

 P† 0.036 0.001

Data are presented as mean ± SD
* P value obtained from independent samples t-test
† P value obtained from paired sample t-test
‡ Analysis of covariance, adjusted for age, sex, difference intake of 
polyunsaturated fatty acid and sodium, and baseline values
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Table 3 Changes in cardiovascular‑related parameters at the baseline and after the 6‑week probiotic intervention

Variable Period Probiotic group
(n = 30)

Placebo group
(n = 29)

MD (95% CI)†
between groups

P value

TAC (mmol/L) Initial 0.28 (0.06) 0.28 (0.05) 0 (−0.02, 0.03) 0.8

End 0.3 (0.08) 0.28 (0.06) 0.02 (−0.02, 0.04) 0.42

MD (95% CI) within groups* 0.02 (0, 0.03) 0 (−0.01, 0.01)

P value 0.1 0.94

TOS (µmol/L) Initial 2.45 (2.13, 3.75) 2.47 (2, 3.26) −0.02 0.85

End 2.23 (2.01, 2.46) 2.26 (2.26, 3.52) −0.03 0.53

Median difference −0.22 −0.21

P value 0.16 0.68

PON (mmol/L) Initial 93.65 (65.87, 189.87) 83.35 (64, 148) 10.3 0.64

End 83.75 (66.47, 210.17) 86.55 (59.57, 153.32) −2.8 0.09

Median difference −9.9 3.2

P value 0.46 0.31

SBP (mmHg) Initial 120.63 (11.56) 117.01 (12.25) 3.63 (−2.5, 9.8) 0.25

End 109.2 (8.66) 118.45 (11.46) −9.24 (−14.5, −3.9)  < 0.001
MD (95% CI) within groups* −11.43 (−13.8, −9) 1.44 (−0.87, 3.7)

P value  < 0.001 0.21

DBP (mmHg) Initial 80.63 (3.41) 79.38 (2.54) 1.25 (−0.32, 2.8) 0.12

End 70.7 (4.8) 74.41 (6.17) −3.71 (−6.59, −0.83) 0.007
MD (95% CI) within groups* −9.9 (−12.09, −7.75) −4.98 6 (−2.8, 4.24)

P value  < 0.001 0.01
HR (n/min) Initial 75.4 (11.8) 80.48 (9.17) −5.08 (−11.35, 1.19) 0.11

End 76.9 (11.38) 81.2 (8.9) −4.3 (−10.38, 1.77) 0.38

MD (95% CI) within groups* 1.5 (0, 3.9) 0.72 (−2.8, 4.2)

P value 0.22 0.67

MAP (mmHg) Initial 93.96 (4.78) 91.11 (4.85) 2.04 (−0.52, 4.61) 0.12

End 83.53 (5.31) 87.29 (6.69) −5.55 (−8.8, −2.31)  < 0.001
MD (95% CI) within groups* −10.43 (−12.04, −8.7) −3.8 (−5.85, −1.7)

P value  < 0.001 0.01
Framingham Score 
categories (n, %)ǂ

Initial −1.3 0.77

Low 7 (23.3) 4 (13.8)

Medium 15 (50) 16 (55.2)

High 8 (26.7) 9 (31)

End – 0.032
Low 18 (60) 10 (34.5)

Medium 10 (33.3) 13 (44.8)

High 2 (6.7) 6 (20.7)

Median difference – – –

P value  < 0.001 0.052

TC/HDL‑C Initial 3.32 (2.13, 3.75) 3.23 (2.79, 3.58) 0.09 0.69

End 2.23 (2.01, 2.46) 2.97 (2.81, 4) −0.74 0.55

Median difference −1.09 −0.35

P value 0.16 0.96

LDL‑C/HDL‑C Initial 1.93 (1.17) 1.66 (0.75) 0.04 (−0.47, 0.57) 0.85

End 1.78 (0.89) 1.67 (0.79) −0.11 (−0.57, 0.36) 0.53

MD(95% CI) within groups* −0.15 (−0.36, 0.05) 0.02 (‑0.22, 0.21)

P value 0.15 0.87
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assessment in this population [11]. To our knowledge, 
none of the previous human studies assessed the effect 
of probiotics on Framingham risk scores in patients with 
T2DM, and our findings regarding the possible role of 
probiotic supplementation in reducing the 10-year CVD 
risk in this population would be promising. The present 
beneficial findings may be predominantly due to the sig-
nificant improvements in SBP measures. Besides, positive 
changes in HDL-C levels following the probiotic supple-
mentation [22], would be another important cause of the 
improved Framingham risk scores.

The most important mechanisms behind these ben-
eficial effects of probiotics on CVD-related param-
eters are that probiotics seem to be able to alleviate the 
inflammatory status in patients with T2DM through 
the production of short-chain fatty acids and by down-
regulating inflammatory mediators such as NFκB [39]. 
Besides, the positive correlation between probiotics and 
serum HDL-C levels would be another important related 
mechanism [40]. In fact, HDL-C transports cholesterol 
in the form of cholesteryl esters to the liver for further 
hydrolysis [41], and that is why probiotics may have a 
hypocholesterolemic effect via altering the pathways of 
cholesteryl esters and lipoprotein transporters [42]. A 
meta-analysis also highlighted that an increase in HDL-C 
levels is strongly associated with a reduced risk of CVD 
compared with the changes in serum TG levels [43]. That 
would be the major reason for the present significant 
improvement in logTG/HDL-C as the amin atherogenic 
index.

The present study has many advantages. We evalu-
ated the effects of probiotics on AIPs, blood pressure, 
the 10  year Framingham risk score, and the antioxidant 
markers, which are considered the most potential pre-
dictors of CVD risk in patients with T2DM, who have a 

pronounced risk of future CVD due to their disease sta-
tus. We also used a high dose of probiotic-containing 
capsules, without any food carriers, to evaluate the exact 
effects of probiotics on T2DM. Moreover, we did not 
apply any dietary changes and we excluded participants 
that started insulin therapy or taking other types of sup-
plements, in order to assess the exact effect of probiotic 
intervention.

However, limitations of the present study include the 
lower sample size and shorter duration of the interven-
tion. Alterations in some dietary intakes of participants 
were also observed at the end of the study. Besides, as 
many complications of T2DM usually develop over a 
longer period of time, our 6 week clinical trial would not 
be enough to improve all the parameters and conditions 
in this population. Stool samples were not also evaluated 
to assess the microbial composition of the gut and feces. 
Furthermore, due to budget limitations, we were not able 
to assess other biochemical parameters related to future 
CVD risks in patients with T2DM.

Conclusions
This RCT study showed that patients with T2DM who 
consumed probiotic capsules for 6 weeks significantly low-
ered SBP, DBP and MAP compared to the placebo group. 
Moreover, a significant decrease in logTG/HDL-C, as 
the atherogenic index, and a meaningful reduction in the 
Framingham risk categories were observed in the inter-
vention group compared with the control, all of which 
may suggest a CVD-preventive effect of probiotics among 
patients with T2DM who are prone to higher risk of future 
CVDs. However, no significant changes were seen in any of 
the antioxidant parameters. Future studies are suggested 
to collect stool samples and perform correlation in modu-
lation of microbial diversity with improved CVD-related 

Table 3 (continued)

Variable Period Probiotic group
(n = 30)

Placebo group
(n = 29)

MD (95% CI)†
between groups

P value

logTG/HDL‑C Initial 0.49 (0.27) 0.47 (0.17) 0.02 (−0.1, 0.13) 0.78

End 0.4 (0.14) 0.48 (0.11) −0.08 (−0.14, 0) 0.023

MD(95% CI) within groups* −0.09 (−0.15, 0) 0.01 (−0.05, 0.07)

P value 0.04 0.72

Data are shown as mean (SD); data for Framingham score, TOS, PON and TC/HDL-C are presented as median (25, 75 percentiles)

MD mean differences, TAC  total anti-oxidant capacity, TOS total oxidant status, PON paraoxonases, SBP systolic blood pressure, DBP diastolic blood pressure, HR heart 
rate, MAP mean arterial pressure, TC total cholesterol, HDL-C high density of lipoprotein cholesterol, LDL-C low-density of lipoprotein cholesterol, TG triglycerides
* Paired student t-tests were used for within-group comparisons, except for Framingham score, TOS, PON and TC/HDL-C measures which was estimated by non-
parametric Wilcoxon signed ranks tests
† Independent student t-tests were used at the beginning of the study for between-group comparison, except Framingham score, TOS, PON and TC/HDL-C measures 
which was estimated by Mann–Whitney U-tests. At the end of the study, differences between groups were assessed using analysis of covariance (ANCOVA) adjusted 
for baseline values, age, BMI and energy intake

ǂChi-square test and Friedman test were used for between-group and within-group differences
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parameters. Studies with longer duration and various sup-
plement dosages among different ethnic groups are also 
needed to confirm the veracity of the CVD-preventive role 
of probiotics in this population.
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