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Abstract

To evaluate the effects of synbiotic supplementation on insulin resistance and lipid profile in individuals with the metabolic syndrome, we
conducted a randomised, double-blind, placebo-controlled pilot study on thirty-eight subjects with the metabolic syndrome; they were
supplemented with either synbiotic capsules containing 200 million of seven strains of friendly bacteria plus fructo-oligosaccharide or pla-
cebo capsules twice a day for 28 weeks. Both the synbiotic (G1) and the placebo (G2) groups were advised to follow an energy-balanced
diet and physical activity recommendations. Parameters related to the metabolic syndrome and insulin resistance were measured every
7 weeks during the course of the study. After 28 weeks of treatment, the levels of fasting blood sugar and insulin resistance improved
significantly in the G1 group (P<0-001). Both the G1 and G2 groups exhibited significant reductions in TAG levels (—71-22 v.
—10-47mg/dl (=080 ». —0-12mmol/) respectively; P<0-:001) and total cholesterol levels (—21:93 ». —142mg/dl (—0-57 w.
—0-37 mmol/D respectively; P=0-01), as well as increases in HDL levels (+7-7 v. +0:05mg/dl (+0-20 v. + > 0-01 mmol/D) respectively;
P<0-001). The mean differences observed were greater in the G1 group. No significant changes were observed in LDL levels, waist
circumference, BMI, metabolic equivalent of task and energy intake between the groups. The present results indicate that synbiotic
supplementation increases the efficacy of diet therapy in the management of the metabolic syndrome and insulin resistance.
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The metabolic syndrome is a rapidly growing worldwide pan-
demic that increases the risk of developing many chronic dis-
eases, especially CVD and type 2 diabetes”. Although several
aetiological factors are involved in the development of the
metabolic syndrome, insulin resistance and obesity play a
key role. Recently, gut microbiota has been considered to be
a regulator of energy homeostasis and ectopic fat deposition
due to its effects on metabolic disorders®®. In particular,
studies comparing obese v. matched lean individuals have
found a shift in bacterial phyla and observed more Firmicutes

and less Bacteroidetes in the distal gut of obese subjects, and
this alteration was found to be abolished after diet-induced
weight loss“*>. Pathogens in the gut can decrease the per-
meability of the intestinal wall and enter the circulation,
where they induce metabolic and inflammatory cascades.
Recent evidence has indicated that circulating lipopolysac-
charides (LPS), components of Gram-negative bacterial cell
walls, are correlated with insulin levels, glucose levels and
insulin resistance (as measured by homeostasis model assess-
ment — insulin resistance (HOMA-IR)®”. In addition, high
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levels of TAG and low levels of HDL-cholesterol that often
exist during insulin resistance and the metabolic syndrome
are the most essential factors involved in LPS molecule conser-
vation in the circulation®.

It has been suggested that probiotics and prebiotics might
counteract the development of the metabolic syndrome by
replacing the aggravating bacteria in the gut, which in turn
can improve serum lipid levels and insulin resistance®. Cur-
rently, it has been shown in preclinical studies that probiotics
are effective at attenuating the metabolic syndrome; however,
only few pilot studies in human subjects have been carried
out with promising preliminary results"'°='%. Previous studies
have reported that the synergistic effects of synbiotic sup-
plementation on the intestinal and faecal microflora and
immune system are significantly greater than the effects of
either prebiotic or probiotic supplementation alone 3%,
Considering the various beneficial effects of prebiotics and
probiotics and the lack of published data on this issue, the
present study was designed to evaluate the effects of sup-
plementation with a type of synbiotic on insulin resistance
and serum lipid levels in subjects with the metabolic syndrome.

Research design and methods
Participants

The present study was a prospective, randomised, double-
blind, placebo-controlled study. Men and women aged 18
years and above with a diagnosis of the metabolic syndrome
were selected from the Haraz clinic of Amol. The metabolic
syndrome was diagnosed as having three of the following
five features: increased waist circumference (=102cm in

men and =88cm in women); elevated TAG levels
(=150mg/dl  (=1-69mmol)); reduced HDL-C levels
(<40mg/dl (<1:03mmol/D in men and <50mg/dl

(<129 mmol/D in women); elevated blood pressure (=130/
85 mmHg or on treatment for hypertension); elevated glucose
(=100mg/dl (=5-55mmol/1)), according to the
National Cholesterol Education Program Adult Treatment
Panel III report’>, and the diagnosis was confirmed via care-
ful questioning by the primary physician and dietitians.
Individuals with decompensated diabetes mellitus, untreated
hypothyroidism, clinically or biochemically recognised sys-
temic diseases, and psychiatric disorders impairing their ability
to provide written informed consent, as well as pregnant/
breast-feeding women or those of child-bearing age without
effective birth control use, were excluded from the study.
If a participant was found to have missed =10% of his or
her supplement dose at follow-up, he or she was also
excluded from the study. The present study was registered
at ClinicalTrials.gov ID: NCT02008838.

levels

Study design

A total of 102 individuals were assessed for participation eligi-
bility; of these, forty met the inclusion criteria of the study and
two declined to participate, resulting in a sample size of thirty-
eight participants (Fig. 1). The thirty-eight participants were

then randomly assigned to the synbiotic (G1; n 19) group or
the placebo (G2; 7 19) group. The G1 group was given a syn-
biotic supplementation (as a capsule), while the G2 group was
given an identical appearing placebo capsule (250 mg malto-
dextrin) twice a day for 28 weeks. The participants were
instructed to consistently take the capsules 2h after consump-
tion of the same meal each day.

Each synbiotic capsule (Protexin) contained 2 X 10° colony-
forming units of seven strains of friendly bacteria (Lactobacillus
casei, Lactobacillus rbammnosus, Streptococcus thermophilus,
Bifidobacterium breve, Lactobacillus acidophilus, Bifidobac-
terium longum and Lactobacillus bulgaricus), prebiotics
(250 mg fructo-oligosaccharide) and a probiotic culture (mag-
nesium stearate (source: mineral and vegetable) and vegetable
capsule (hydroxypropyl methylcellulose)). As previous studies
had wused various combinations of VSL#3, Lactobacillus
longum and fructo-oligosaccharide, demonstrating their
beneficial effects on intestinal microflora®®~®| this synbiotic
capsule was chosen for the present study as it contained all
these strains in addition to others.

A 7-week supply of capsules was given to the participants at
the time of randomisation and the remainder at the time of the
7th-, 14th- and 21st-week follow-up visits. The participants,
investigators and staff were blinded to the treatment assign-
ment until the end of the study. All the participants signed
an informed consent form after a full review of the risks and
benefits of the study, which were approved by the ethics com-
mittee of the National Nutrition and Food Technology
Research Institute (NNFTRID) of Shahid Beheshti University of
Medical Sciences and the Digestive Diseases Research Institute
(DDRD) of Shariati Hospital, Tehran, Iran.

An interviewer completed a questionnaire for each partici-
pant, which contained information on each individual’s past
medical history, family history and medication history, as
well as lifestyle behaviours such as smoking, drinking, diet
and exercise. Both groups were counselled to follow an
energy-balanced diet and physical activity recommendations
based on the Clinical Guidelines on the Identification, Evalu-
ation, and Treatment of Overweight and Obesity in Adults
from the National Institutes of Health and the North American
Association for the Study of Obesity'**”. Each individual was
advised to follow a diet containing 2092-4184kJ less energy
than his or her usual daily intake. The distribution of nutrients
in relation to the total energy value was as follows: total fat
=30% total energy value; SFA 8-10%; MUFA 15%; PUFA
5%; protein 10—15%; carbohydrates 50—60 %, dietary choles-
terol <300 mg/d; fibre 20—30 g/d. They were also advised to
perform at least 20-30min of high-intensity exercise 3—4d
per week?.

Follow-up

The initial and follow-up visits took place at Haraz clinic. After
baseline data collection, follow-up assessments were per-
formed at weeks 7, 14 and 21 and during the last visit, at
week 28. Phone calls were also made to each participant on
a monthly basis to assess compliance with the study sup-
plementation and the development of any adverse events.
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Fig. 1. Flow chart depicting the study design.

Measurement of anthropometric parameters and
blood pressure

Anthropometric measurements of height and weight, as
well as waist and hip circumferences, were made at baseline.
The measurements were repeated at weeks 7, 14, 21 and 28.
Height was measured to the nearest 0-5cm; weight was
measured in light clothing and barefoot to the nearest
0-1kg. Waist circumference was measured to the nearest
0-1cm using a flexible tape at the mid-point between the
lowest rib and the iliac crest. Hip circumference was measured
around the widest portion of the buttocks, with the tape par-
allel to the floor. The waist:hip ratio was calculated according
to WHO recommendations®”. BMI was also calculated by
dividing each participant’s weight in kg by his or her height
in m?. All the measurements were taken by the same person
to decrease the error rate. Each participant’s blood pressure
was measured by a trained nurse on two occasions, before
and after sitting for a 15min period, using a manual blood
pressure cuff; the mean blood pressure reading was used for
the present analysis®®.

Assessment of dietary intake

Dietary intake was assessed at five time points during the
course of the study using food records. At each time point,
the participants were instructed to record their daily food
and beverage intake for 3d, including a weekend day. Food
scales and models were also used to enhance portion size

i

Nineteen included in the analysis

accuracy. For standardisation purposes, portion sizes were
converted from household measurements to grams, and
every food and beverage item was subsequently coded
according to the protocol and analysed for energy content
and other nutrients using Nutritionist 4 (First DataBank),
which was modified using the national composition food
tables®”. Physical activity was also assessed using the meta-
bolic equivalent of task (MET) questionnaire®® at weeks 0,
7, 14, 21 and 28.

Measurement of biochemical parameters

Each participant underwent a biochemical test at baseline,
during each follow-up visit and at the end of the study.
After a 12h fast, blood was drawn from the antecubital vein
into evacuated tubes containing EDTA, and serum lipid pro-
file, fasting blood sugar levels and insulin levels were deter-
mined. All the biochemical assessments were carried out in
the same laboratory using standard laboratory methods.
Serum TAG, HDL and total cholesterol (TC) levels were
determined using a photometric assay (Reckon), while LDL-
cholesterol levels were determined using the following
equation: LDL = TC-HDL-0-16(TAG). Hypertriacylglycero-
laemia was defined as having fasting TAG levels =150 mg/dl
(=1-:69 mmol/D) and hypercholesterolaemia as having fasting
cholesterol levels >200mg/dl (>5-17 mmol/l). Fasting HDL
levels <50 mg/dl (<1-29 mmol/D for women and <40 mg/dl
(<1-03mmol/l) for men were considered to be low, and
LDL levels =130mg/dl (=336 mmol/) were considered
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to be high. Fasting glucose levels were measured using the
GOD/POD method. Fasting insulin levels were measured
using ELISA (Mercodia AB).

HOMA-IR index

The HOMA-IR index was used to determine the degree of
insulin resistance using the following formula®®:

HOMA — IR = (fasting blood glucose (mmol/l)
X fasting insulin (wU/ml))/22-5.

QUICKI index

Insulin sensitivity was assessed using the quantitative insulin
sensitivity check index (QUICKID) equation: QUICKI = 1/(log
insulin (WU/mD + log glucose (mg/dI)N“”. A low QUICKI
index indicates low insulin sensitivity, while a high QUICKI
index indicates high insulin sensitivity.

The conversion factor for glucose is mg/dl = mmol/l X 18

and for insulin is pU/ml = pmol/1/6.9

Statistical analyses

Data were analysed using the STATA software (version 11,
StataCorp). For all analyses, a P value <0-05 was considered
statistically significant. Continuous and categorical data are
reported as means and standard deviations and frequency
(%), respectively. Demographic variables were analysed
using x?2or ttest, as appropriate. Pearson’s correlation coeffi-
cient was calculated to assess the relationship between some
outcomes. Means and 95% CI for changes in outcome vari-
ables from baseline were compared at 7, 14, 21 and
28 weeks using ANCOVA models at each time point. All the
ANCOVA models were adjusted for sex, age, baseline value
of each outcome and mean change in BMI, waist:hip ratio,

Table 1. Baseline characteristics of the study participants
(Mean values and standard deviations)

441

MET and energy. Means and 95% CI for HOMA-IR and
QUICKI values were plotted v. time from baseline to the
end of the treatment.

The sample size was obtained of eighteen subjects per
group to discover a difference of 10% on the mean values
of HOMA-IR® between the G1 and G2 groups after 28
weeks of treatment, to a probability of error 5% and to a
test power 80 %.

Results
Characteristics of the participants

The inclusion criteria of the study were met by thirty-eight
participants, and they were included in the analysis. No par-
ticipant was lost to follow-up in the present study. A flow
chart depicting the study design is shown in Fig. 1. The base-
line clinical and demographic characteristics of both groups
are summarised in Table 1. Among the participants, 8%
were smokers and 60-53 % were female. The baseline anthro-
pometric characteristics of both groups were similar (Table 1.

Findings recorded in the two groups of participants
before and after treatment

All the participants completed the trial. From baseline to the
end of the study, both groups exhibited similar reductions in
many of the study parameters. The in-between group changes
were as follows: BMI — 32:13 (sp 2:7) to 30:91 (sD2:5) kg/m2 in
the G1 group v. 31:51 (sp 1+47) to 30-37 (sD 2:2) kg/m2 in the
G2 group; P = 0-656; waist girth — 103:42 (s 7-5) to 101-42
(sp 6:5)cm in the G1 group v. 102:37 (sD 6:4) to 9979
(sp 5-7) cm in the G2 group; P = 0-5106; energy intake — 97855
(sp 2351) to 810428 (sp 1465:6)kJ/d in the G1 group wv.
929463 (sp 1764:8) to 793395 (sp 1271:3)kJ/d in the
G2 group; P=0284; MET — 3225 (sD 425) to 3393

Synbiotic group Placebo group
(n19) (n19) Total (n 38)
Mean SD Mean SD Mean SD P

Age (years) 47.52 91 46-05 10-1 46-79 95 0-638
Waist girth (cm) 103-42 7-51 102-37 6-40 102-89 6-90 0-645
BMI (kg/m?) 32:13 2.7 31.51 2.3 31.82 25 0-458
FBS (mmol/l) 5.62 112 5.77 1.47 5-69 1.29 0-731
Blood pressure (mmHg)

Systolic 124.53 10-93 127.97 18:43 126-25 15-05 0-488
Diastolic 83.87 8:95 8808 10-21 85.97 971 0-185
TAG (mmol/l) 258 0-6 2-66 1.04 2.62 0-84 0-769
HDL (mmol/l) 115 0-14 1.12 013 114 0-13 0-502
LDL (mmol/l) 1.53 0-86 1.94 113 1.73 1.01 0-220
TC (mmol/l) 3-84 0-79 4.28 0-96 4.06 0-89 0-130
Insulin (pmol/l) 71-39 33-34 75-63 24.31 73-48 2917 0-661
HOMA-IR 2.59 1.5 2.81 11 2.70 1.3 0-615
QUICKI 0-34 0-03 0-33 0-02 0-34 0-02 0-311
MET/h per d 32.25 4.2 31.47 41 31.86 41 0-572
Energy (kJ) 9785-53 2350-9 9294.75 1764-8 9539-9 2065-2 0-471

FBS, fasting blood sugar; TC, total cholesterol; HOMA-IR, homeostasis model assessment — insulin resistance; QUICKI, quantitative insulin

sensitivity check index; MET, metabolic equivalent of task.
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(sD 4-15) MET/h per d in the G1 group v. 31-47 (sD 4-13) to 33-06
(sp 4:32) MET/h per d in the G2; P = 0:524 group.

On comparing the baseline and end-of-the-study results, a
significant improvement in several metabolic parameters was
observed within each of the groups and also between them.
Although fasting blood sugar and insulin levels decreased
significantly in both groups, this decrease was greater in the
G1 group than in the G2 group, as follows: fasting blood sugar
— 562 (sp 1-12) to 5-16 (sp 0-22) mmol/l in the G1 group v.
577 (sp 1447) to 559 (sp 1-46)mmol/l in the G2 group;
P < 0-001 (Table 2), and insulin — 71:39 (sp 33-34) to 5792
(sp 29:17) pmol/l in the G1 group v. 75:63 (sD 24-31) to 68-82
(sp 22-92) pmol/l in the G2 group; P = 0-014. Insulin resistance
also improved; the HOMA-IR index decreased from 259 (sp 1-5)
to 194 (sp 1-1) in the G1 group and from 2:8 (sp 1'1) to 2-42
(sD 0-9) in the G2 group (P = 0-046), while the QUICKI index
increased from 0-342 (sp 0-027) to 0-357 (sp 0-028) in the G1
group v. 0-333 (sp 0:022) to 0-339 (sp 0-024) (P < 0-001) in the
G2 group (Fig. 2). A mean reduction of 11% in HOMA-IR
(25% reduction in the G1 group and 14% in the G2 group)
was achieved, meeting our aim, which was set at 10 %.

On comparing the two groups, significant changes were
also observed in serum lipid parameters. In both the G1 and
G2 groups, particularly, there was a significant decrease in
TAG levels (2:58 (sp 0-6) to 1:78 (sp 0-54) mmol/l in the G1
group 0. 2:66 (sp 1:04) to 2:54 (sp 1:09) mmol/l in the G2

Table 2. Mean values of some outcome variables at 7, 14, 21 and 28
weeks after baseline

(Mean values and standard deviations)

Synbiotic group Placebo group
(n19) (n19)
Mean sD Mean ) P

FBS (mmol/l)

Week 7 54 1.04 5.66 1-48 0-048

Week 14 5-35 1.04 5.69 1.47 0-001

Week 21 5.27 1.08 5.76 1.47 < 0-001

Week 28 516 0-22 5.59 1-46 < 0-001
TAG (mmol/l)

Week 7 217 0-74 2.50 1-01 0-008

Week 14 2.05 0-67 240 116 0-007

Week 21 1.90 0-60 2.60 114 < 0-001

Week 28 1.78 0-54 2.54 1-09 < 0-001
HDL (mmol/l)

Week 7 1.24 012 1.09 0-16 0-003

Week 14 1.28 0-11 110 0-15 < 0-001

Week 21 1.31 012 113 0-19 0-004

Week 28 1.35 0-10 1.12 016 < 0-001
TC (mmol/l)

Week 7 3-63 0-74 4-20 1.01 0-143

Week 14 3-60 0-82 413 1.03 0-884

Week 21 361 0-94 416 118 0-904

Week 28 3-26 0-73 3.92 0-93 0-010
LDL (mmol/l)

Week 7 1-40 0-77 1.98 114 0-092

Week 14 1.41 0-86 1.93 117 0-256

Week 21 1.49 0-96 1.85 1.27 0-714

Week 28 114 0-78 1.64 1.05 0-347

FBS, fasting blood sugar; TC, total cholesterol.

*Based on ANCOVA model regressing change from baseline on the treatment
group, baseline value of the outcome, sex, age, and mean change in BMI, waist,
MET and energy.

group; P < 0:001) and TC levels (384 (s 0-79) to 326
(sp 0-73)mmol/l in the G1 group v. 428 (sp 0:96) to 3:92
(sp 0-93)mmol/l in the G2 group; P = 0-013). Serum HDL
levels differed significantly between the G1 and G2 groups
(0-2; from 1-15 (sp 0-14) to 1-35 (sp O-D)mmol/l in the G1
group v. < 0-01; from 1:12 (sp 0-13) to 1:12 (sp 0-16) mmol/I
in the G2 group; P < 0-001). This difference was due to the sig-
nificant increase in HDL levels in the G1 group, while its levels
remained unchanged in the G2 group. There were no signifi-
cant changes in serum LDL levels within and between the
groups before and after adjustments (Table 2). All the observed
differences in the study parameters, except for TC, were
significant between the two groups starting at week 7 of the
treatment. TC levels decreased significantly after week 21.

None of the participants who completed the trial had any
serious adverse events, indicating tolerance to the treatment.
In the G1 group, one participant complained of moderate
headache. In the G2 group, one participant reported abdomi-
nal pain. Neither complaint resulted in participant dropout
from the study or reoccurred.

Discussion

To our knowledge, this is the first randomised, double-blind,
placebo-controlled clinical study to demonstrate that a syn-
biotic supplement can increase the efficacy of conventional
lifestyle modification in the treatment of the metabolic
syndrome. Synbiotic supplementation for 28 weeks led to sig-
nificant improvements in insulin resistance indices and TAG,
TC and HDL levels, while LDL levels remained unchanged.
This efficacy of treatment can at least partially be attributed
to the effects of the synbiotic on gut flora modification, further
causing alterations in carbohydrate absorption, improvement
of insulin resistance or modulation of inflammatory signalling
pathways 3.

The effects of synbiotic therapy on insulin resistance, one
of the defining features of the metabolic syndrome, have
only been investigated in a small number of studies. In the
present study, we were able to demonstrate the significant
positive effects of synbiotic supplementation on insulin resist-
ance. When comparing healthy individuals with individuals
having diabetes mellitus or insulin resistance, studies have
found LPS to be present at higher levels in the blood of the
latter group®®. Circulating LPS levels have also been found
to be correlated with insulin and glucose levels and HOMA-
IR”. Interventional studies suggest that such increases in
LPS levels may play a direct role in the progression of insulin
resistance, as a bolus injection of LPS into healthy subjects has
been shown to cause a 35 % reduction in frequently sampled
intravenous glucose tolerance, used for measuring the insulin
sensitivity index®?. Possible mechanisms by which synbiotic
supplementation can improve insulin resistance are as follows:
through the modification of gut flora and the reduction of
endotoxin levels and also through the reduction of the pro-
duction and absorption of intestinal toxins and elevation of
faeccal pH®®. All these mechanisms can suppress and
modify small intestinal bacterial overgrowth, including the
reduction of the abundance of Gram-negative bacteria and
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Fig. 2. Mean values obtained for the (a) homeostasis model assessment — insulin resistance (HOMA-IR) index and (b) quantitative insulin sensitivity check index
(QUICKI) during treatment and follow-up. The number of participants at each visit and within each treatment group was 19. Error bars indicate 95 % CI. *P < 0-05.

their by-products such as LPS while at the same time causing
the reduction of proinflammatory cytokine production, lead-
ing to a decrease in fasting insulin levels and consequently
insulin resistance'®3% .

The results of the present study indicate a significant
reduction in fasting blood sugar and insulin levels, as also
reflected by improvements in HOMA-IR and QUICKI indices.
Malaguarnera et al."® also observed a significant reduction
in the HOMA-IR index, but no significant change in serum
insulin levels. This could partially be explained by the fact
that Malaguarnera et al.'® used one strain of probiotics —
B. longum — along with fructo-oligosaccharide, but in the pre-
sent study several strains were used together, possibly contri-
buting to the significant differences observed in insulin levels.
Yet other studies using other strains of probiotics have also
found significant reductions in insulin resistance. For instance,
Yadav et al®> observed this change in high-fructose diet-
fed mice that were supplemented with dahi containing
L. acidophilus. The results of the present study are consistent
with those of previous studies showing different strains of
bacteria to reduce insulin resistance in animals and human
subjects with other metabolic disorders>3®,

Although there were significant changes in HDL, TC and
TAG levels in both groups in the present study, the mean
changes were greater in the G1 group than in the G2 group.
In a randomised, placebo-controlled study involving twenty-
nine women, using synbiotic-containing yogurt, Kiessling
et al.®” also found a significant increase in HDL-cholesterol
levels. The increase in serum HDL levels in the G1 group
can be attributed to the reduction in serum TAG levels, as a
reduction in TAG levels can affect HDL levels. The mechanism
responsible for this change has not been elucidated yet; how-
ever, possible mechanisms have been suggested. One of these
mechanisms is that TAG-rich lipoprotein particles such as
VLDL and intermediate-density lipoprotein can exchange
TAG for cholesteryl esters from HDL particles, in a process cat-
alysed by cholesteryl ester transfer proteins. This process
occurs at a higher rate in hypertriacylglycerolaemic states
and HDL particles become TAG-rich, cholesterol-poor HDL
particles, which are better substrates for hepatic lipases.
These enzymes, through lipolysis of TAG, transform TAG-rich,

cholesterol-poor HDL particles into small, dense HDL par-
ticles, which are catabolised more rapidly than their larger
counterparts, consequently leading to reduced serum HDL
levels®®.

Although other studies had also found a significant decrease
in LDL levels®”'®  in the present study, LDL levels were not
found to change significantly. This may be because the base-
line LDL levels of the participants of the present study were
within the normal range, whereas those of the participants
of other studies were above the normal range™®. Therefore,
it is possible that normal LDL levels are not affected by
probiotics.

Some of the important strengths of the present study
include its relatively long duration, the evaluation of insulin
resistance indices, its randomised design, and the inclusion
of subjects newly diagnosed with the metabolic syndrome
who had not yet received any treatment for their conditions.
Also, discrepancies in the composition of the two groups
were minimised because the patient population was well
defined by the inclusion and exclusion criteria.

The present study also has some limitations. Faecal bacterial
loads were not measured before and after synbiotic treatment.
Another limitation is that the study participants were not
followed up further to test the sustainability of the results
obtained after the termination of synbiotic treatment. Future
randomised, placebo-controlled studies should also include
a washout period.

In conclusion, this randomised, double-blind, placebo-
controlled study has found some evidence that synbiotic sup-
plementation augments the effects of lifestyle modification in
the treatments of the metabolic syndrome at least partially
through the attenuation of insulin resistance and serum lipid
levels.
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