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ABSTRACT 
 

Background: Polycystic ovary syndrome (PCOS) is a heterogeneous metabolic disorder affecting 
women of the child-bearing age. Alteration in lipid profile is one of the troublesome features faced 
by PCOS patients that need to be treated. 
Aim: The purpose of this study was to compare the effects of Probiotics, Metformin and their 
Combination therapy on lipid profile in women suffering from PCOS. 
Study Design: Single-Centered Randomized Controlled Trial. 
Setting: Gynecological clinic of Karachi at Tertiary care Hospital from December 2018 to May 
2019. 
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Patients and Methods: Total 78 PCOS patients of age between 18 to 40 years were involved in 
this trial rendering to Rotterdam criteria. After taking written and informed consent they were 
randomly allocated to three groups and were received: Metformin 500 mg BD (n = 26), Probiotic 
Capsule 180 mg BD (n = 26) and Combination of Metformin 500 mg BD / Probiotic Capsule 180 mg 
OD for 12-weeks. Lipid profile was measured at baseline and after 12-weeks of intervention along 
with the body weight. In the end, pre versus post therapy and comparison of different group’s 
results were analyzed.   
Results: Metformin and Met/Pro Combination groups resulted in a significant reduction in Total 
Cholesterol (TC) as compared to Probiotic group. Fall in Low-Density Lipoprotein Cholesterol (LDL-
C) levels were noteworthy after Probiotics and Met/Pro treatment. Serum TG concentrations were 
significantly reduced in all the groups. High-Density Lipoprotein Cholesterol (HDL-C) levels were 
slightly elevated after Probiotics treatment, which was not statistically significant but Metformin and 
Met/Pro group increases it to the significant value. No substantial change was found in the Very 
Low-Density Lipoprotein Cholesterol VLDL-C levels in any of the three groups. 
Conclusion: Overall, Probiotics treatment in PCOS women for 12 weeks exhibited noteworthy 
changes in TG, and LDL-C levels. Metformin markedly improve Cholesterol, TG and HDL-C. 
However, Met/Pro improved all the lipid changes to the significant value except for VLDL-C. 
 

 

Keywords: Probiotics; metformin; ameliorating dyslipidemia; polycystic ovary syndrome. 
 

1. INTRODUCTION 
 

Dyslipidemia is defined as altered levels of 
cholesterol and other lipids or fats, in the blood. 
Lipids are important for life. They are the chief 
components of the living cells. However, when 
deranged, can increase risk of cardiovascular 
disease including stroke, myocardial infarction 
etc. [1]. Nearly 60-70% of patients with obesity 
are dyslipidemic [2]. 
 

Polycystic ovary syndrome is the most common 
type of endocrinopathy, associated with 
increased risk of infertility and metabolic 
syndrome [3]. The metabolic changes in PCOS 
have wide health consequences like obesity, 
insulin resistance and dyslipidemia in women of 
the reproductive ages [4]. Particularly, 
dyslipidemia is a foremost metabolic abnormality 
in these patients. The National Cholesterol 
Education Program guidelines remark that 70% 
of PCOS patients have lipid anomalies [5,6]. 
 

Pertaining to pathophysiology of dyslipidemia in 
PCOS, many factors may be involved such as 
ethnicity, family history of lipid irregularities, age, 
obesity etc.  In addition, chronic testosterone 
stimulation is also associated with dyslipidemia 
though mechanism is yet not fully defined [7,8]. 
Similarly role of insulin resistance cannot be 
overlooked as dyslipidemia is more prevalent in 
patients of PCOS with poor glucose tolerance as 
compared to normal [9,10]. 
 

Data related to pattern of dyslipidemia in PCOS 
revealed that elevation of LDL-C was found in 
almost all the PCOS women and reduced HDL-C 

levels were more prominent in PCOS having 
obesity even in 3rd decade of life. While 
triglycerides levels begin to rise from early 
adulthood that is not acceptable [6]. Due to these 
alterations, an increase in cardiovascular risk can 
be predicted in these patients. Moreover, 
dyslipidemia  is often associated with obesity  
which causes further detrimental effects  on 
metabolism and ultimate Cardio-vascular health 
consequences [11,12].  
 
Life style modification is the cardinal approach, 
which includes restricted diet and energy 
consumption for its management particularly 
correction of obesity, dyslipidemia and insulin 
resistance which subsequently attenuate CVD 
risks. However, due to protracted duration of this 
ailment, the major confront is compliance of 
patients. In this anguish situation, medical 
treatment turn out to be indispensable for 
achieving aforementioned objectives [13]. 
 
Metformin is one of most comprehensively 
researched drug, which shows remarkable 
efficacy in lessening insulin resistance in patients 
with or without PCOS, but shows variable results 
in improving dyslipidemia associated with this 
syndrome, despite the fact that insulin resistance 
in some way is linked with the same [14,15]. 

 
In current researches and medical practice, 
Probiotics are gaining popularities owing to their 
diverse beneficial effects on health and relieving 
certain ailments including diarrhea [16], gingivitis 
[17], obesity [18] etc. Moreover, recently its 
protective role against insulin resistance and 
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dyslipidemia has been studied. The probable 
means through which Probiotics normalize 
dyslipidemia in particular include: de-conjugation 
and precipitation of bile by the action of 
enzymes;  incorporating  cholesterol in cytoplasm 
of microorganisms; inhibiting cholesterol 
transport in gut cells;  inhibiting production of 
cholesterol in liver. Furthermore, role of individual 
host friendly micro-biota in reducing dyslipidemia 
has been elaborated and  evidenced the abilities 
of certain strains of bacteria to reduce TC, LDL-C 
and TG [19]. 
 

Keeping in view the above particulars, this study 
was designed to elaborate the role of Probiotics 
in improving dyslipidemia either alone or in 
combination with Metformin in PCOS               
patients.  
 

2. MATERIALS AND METHODS 
 

2.1 Trial Design and Participants 
 

This is an open label, parallel-arm, randomized 
controlled trial in which 78 newly diagnosed 
PCOS patients aged 18–40 years were enrolled 
from Out Patient Department of Gynaecology 
and Obstetrics clinic at Tertiary Care Hospital, 
Karachi. Subjects were enrolled via convenient 
sampling technique between January 2019 and 
June 2019. The sample size was calculated by 
Sealed Envelope calculator version 201: 
(Significance level (alpha) 1%, 99% confidence 
interval Power (1-beta) 90, Percentage success 
in control group 12%, Percentage success in 
experimental group 60%, the calculated sample 
size was 52). 
 
2.2 Eligibility Criteria 
 
Patients were included according to the 
Rotterdam European Society for Human 
Reproduction and Embryology/American Society 
for Reproductive Medicine sponsored a PCOS 
consensus criterion according to which any two 
of the following three features must be present 
for the patient to be diagnosed as a case of 
PCOS: Oligomenorrhea and/or amenorrhea 
(Oligomenorrhea>45 days or <8 cycles per year 
and amenorrhea >3 months in a women with 
pervious periodic menses) for a period of 6 
months, clinical and/or biochemical 
hyperandrogenemia, presence of acne, hirsutism 
(FG score>8) and alopecia; and Polycystic 
ovaries on sonography (>12 follicles in one or 
both ovaries, 2-9 mm in diameter and/or 
increased ovarian volume >10 mL). While 

patients who were taking any medication or with 
history of chronic diseases, smokers and allergic 
to Probiotics or Metformin were excluded from 
the study. 

 
2.3 Study Design 
 
At beginning of the study, the procedure was 
carefully explained to all partakers before 
obtaining informed consent. After the agreement, 
patients were randomly allocated into three 
treatment groups. Group 1: Metformin 500 mg 
BD (n = 26), Group 2: Probiotic 180 mg BD          
(n = 26) and Group 3: Combination (Metformin 
500 mg BD plus Probiotic 180 mg OD) for a 
period of 12 weeks.  

 
Probiotic consisted of five viable and freeze-dried 
strains: Lactobacillus Acidophilus (1 X 109 
CFU/g), Lactobacillus Delbruekii (1 X 109 
CFU/g), Bifidobacterium Bifidum (1 X 109 CFU/g) 
Lactobacillus Bulgaricus and Streptococcus 
Thermophilus. At the onset of the study, subjects 
were requested to follow the proper and same 
diet plan. They were asked not to consume any 
medicine other than the one provided to them by 
the investigators for the 12-week of intervention. 
All partakers were asked to complete their daily 
food diaries. 
 
The participants were given drugs for 6 weeks 
and were instructed to bring back the written 
schedule of the medicinal intake. On the second 
visit i.e. at sixth week, they were given next 6 
weeks supplements. To increase the compliance, 
all participants’ received short messages daily on 
their cell phones as a reminder. All the patients 
were examined in detail before and after the 
treatment and so their blood samples were taken 
at week 0 and 12. 
 
Weight: A portable weighing machine with a 125 
kg maximum capacity was used. 

 
Height: Subjects were asked to stand with their 
scapula, buttocks and heels resting against a 
wall; the neck was held in a natural non-
stretched position. Then the height was measure 
in inches with help of wall chart. 
 
2.4 Assessment of Biochemical 

Parameters 
 
The blood samples were collected after twelve to 
fourteen hours of fasting at second day of the 
menstrual cycle by venipuncture, before and at 



the end of the intervention i.e. at 0 and 12 week 
at Dow Laboratory collection center.
 

The serum lipid concentrations were evaluated 
spectrophotometrically by means of commercial 
kits in which evaluation of Total cholesterol (TC) 
and triglycerides (TG) was enzymatical, while the 
high-density lipoprotein cholesterol (HDL
measured by using precipitation technique. 
According to Friedewald equation, very low
density lipoprotein cholesterol (VLDL
density lipoprotein cholesterol (LDL
calculated with the help of analyzer using 
respective kits [20]. 
 

2.5 Statistical Analysis 
 

The data was analyzed using SPSS software 
20.The numeric variables were expressed as 
mean ± standard deviation. The pre and post 
results of all the groups were compared by using 
paired t test. The difference among the treatment 
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the end of the intervention i.e. at 0 and 12 week 
at Dow Laboratory collection center. 

The serum lipid concentrations were evaluated 
spectrophotometrically by means of commercial 
kits in which evaluation of Total cholesterol (TC) 
and triglycerides (TG) was enzymatical, while the 

density lipoprotein cholesterol (HDL-C) was 
ing precipitation technique. 

According to Friedewald equation, very low-
density lipoprotein cholesterol (VLDL-C) and low-
density lipoprotein cholesterol (LDL-C) was 
calculated with the help of analyzer using 

The data was analyzed using SPSS software 
20.The numeric variables were expressed as 
mean ± standard deviation. The pre and post 
results of all the groups were compared by using 
paired t test. The difference among the treatment 

groups were assessed by ANOVA, the results 
were further analyzed by post hoc tukey’s test. 
The p value of <0.01 were considered 
statistically significant. 

 
3. RESULTS 

 
Altogether 90 patients were enrolled in this trial, 
out of them 12 participants were excluded during 
the eligibility stage (n=5), those for not meeting 
the inclusion criteria (n= 3) while remaining 
participant lost the follow-up (n=4). All the 
partakers were allocated to three groups either to 
Metformin, Probiotics or Combination group 
randomly. Overall, the rate of compliance in our 
study was high i.e. approximately 95% 
consumption in all three groups. As far as side 
effects are concern, In the Metformin g
patients complained of headache, abdominal 
pain or diarrhea while no side effects were 
reported in the other groups. 

 
 Schematic diagram of patients flow 
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patients complained of headache, abdominal 
pain or diarrhea while no side effects were 
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Baseline differences in the mean age, height, 
weight, and lipid profile between the groups were 
non-significant among all three groups (Table 1). 

 
Weight was significantly reduced in all the groups 
i.e. around 3.1 kg in the Metformin group (p 
<0.001), 1.7 kg on average in Probiotics (p 
<0.01) and 5 kg in the Combination group (p 
<0.001) after 12 weeks of intervention. Hence, 
there was no significant difference at the end of 
the trial between them (p-0.97), though 
Metformin and the combination group showed 
more promising results than Probiotics alone. 

 
Serum Cholesterol showed a decline in the 
Metformin group (p<0.01) as well as in the 
Combination group but no major change was 
observed in Probiotics group when set against 
baseline. However, a significant reduction was 
observed between the groups at the end of the 
trial (p-0.009).Therefore, a noteworthy difference 
was observed between Metformin and 
Combination group. 

 
In all the three groups, TG was reduced and 
found to be statistically significant against 
baseline. So, no significant change was 
observed when three groups were compared. 
 
There was an increase in HDL-C levels in the 
Metformin group and Combination group which 
were statistically significant versus baseline 
(p<0.01), as compared to Probiotic (p-0.54). 
Though, after the intervention no significant 
change was observed between the groups. Also, 
no substantial change was noted when all the 
three groups were associated (Table 2). 

Lastly, no change was observed in the VLDL-C 
levels in the three groups as well as when they 
were compared. 
 

4. DISCUSSION 
 
Polycystic ovarian syndrome is strongly 
associated with different metabolic syndrome 
and has serious health concerns. Weight gain, 
insulin resistance and lipid abnormalities, like 
elevated cholesterol, low-density lipoprotein 
(LDL), triglyceride levels and decreased high-
density lipoprotein (HDL), are often found in 
PCOS women [7]. 
 

The present study validated a small change in 
weight on average after Probiotics 
supplementation. Investigation on Probiotics is 
still quite new and growing. Researchers believe 
that there is an association between reduced 
bacterial gut diversity and obesity. Probiotics 
may also play an important role in reducing 
weight  through release of GLP-1 satiety 
(appetite-reducing) hormone [21] or else through 
increase of ANGPTL4 (Angiopoietin-like 4) which 
might cause decline in fat storage [22]. 
 

Moreover, some evidence from clinical trials has 
confirmed that some Probiotics, containing 
Lactobacillus strains, may help to lose apparent 
weight and adiposity. However, to date Probiotics 
are not a guaranteed weight loss strategy and 
this could be one part of a comprehensive weight 
loss program [23]. 
 

Our study noticed a significant change in TG and 
LDL-C in the probiotic group but not on TC, 
VLDL and HDL. To elaborate their effects, all

 
Table 1. Baseline comparison of metformin, probiotics and the combination (Met/Pro) therapy 

on lipid profile in PCOS patients 

 
Parameters Metformin Probiotic  Combination p-value 

Anthropometric  

Age (years) 27.2 ± 4.6 24.2 ± 4.8 25.1 ± 5.3 0.08 

Height (inches) 5.3 ± 0.2 5.1 ± 0.8 5.4 ± 0.2 0.08 

Weight  (kg) 79.2 ± 15.8 76.8 ± 18.8 80.1 ± 17.2 0.78 

Metabolic Parameters 

Cholesterol (mg/dl) 159.7 ± 20.7 163.8 ± 23.5 157.2 ± 22.4 0.56 

TG (mg/dl) 117.9 ± 19.1 117.6 ±16.8 119.4 ± 17.9 0.91 

LDL (mg/dl) 97.9 ± 14.7 98.8 ± 10.9 100.8 ± 14.8 0.73 

HDL (mg/dl) 40.3 ± 6.4 38.8 ± 8.4 41.0 ± 5.5 0.52 

VLDL (mg/dl) 30.2 ± 8.9 33.9 ± 6.7 34.2 ± 8.6 0.15 
Data are shown as mean ± SD; Obtained from ANOVA; Statistically significant p-value < 0.01; TG: Triglyceride, 
HDL-cholesterol: high-density lipoprotein cholesterol, LDL cholesterol: low-density lipoprotein-cholesterol, VLDL-

cholesterol: very low-density lipoprotein cholesterol 
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Table 2. Comparison of metformin, probiotic and the combination (Met/Pro) treatment on lipid 
profile of PCOS patients 

 
Parameters Metformin Probiotic  Combination p-value 
Anthropometric  
Weight  (kg) 
0 Week 
12 Week 
p-value 

 
79.2 ± 15.8 
76.1 ± 15.0 
<0.01 

 
76.8 ± 18.8 
75.1 ±18.4 
<0.01 

 
80.1 ± 17.2 
75.1 ± 17.1 
<0.01 

 
0.78 
0.97 

Metabolic Parameters 
Cholesterol (mg/dl) 

$
 

0 Week 
12 Week 
p-value 

 
159.7 ± 20.7 
150.3 ± 21.3 
<0.01 

 
163.8 ± 23.5 
162.7 ± 22.6 
0.49 

 
157.2 ± 22.4 
143.9 ± 21.6 
<0.01 

 
0.56 
0.009 
 

TG (mg/dl) 
0 Week 
12 Week 
p-value 

 
117.9 ± 19.1 
111.6 ± 14.1 
<0.01 

 
117.6 ± 16.8 
112.5 ± 16.9  
<0.01 

 
119.4 ± 17.9 
109.5 ± 17.6 
<0.01 

 
0.91 
0.79 
 

LDL-C  (mg/dl) 
0 Week 
12 Week      
p-value     

 
97.9 ± 14.7 
96.8 ± 14.4 
0.03 

 
98.8 ± 10.9 
96.6 ± 10.8 
<0.01 

 
100.8 ± 14.8 
97.0 ± 13.7 
<0.01 

 
0.73 
0.99 

HDL-C  (mg/dl) 
0 Week 
12 Week 
p-value 

 
40.4 ± 6.4 
42.7 ± 6.1 
<0.01 

 
38.8 ± 8.5 
39.5 ± 8.2 
0.03 

 
40.9 ± 5.0 
50.9 ± 8.3 
<0.01 

 
0.52 
0.017 

VLDL-C  (mg/dl) 
0 Week 
12 Week 
p-value 

 
30.2 ± 8.9 
29.3 ± 9.3 
0.2 

 
33.9 ± 6.7 
33.5 ± 6.9 
0.11 

 
34.2 ± 8.6 
33.2 ± 7.5 / .013 
0.01 

 
0.15 
0.12 

Data are shown as mean ± SD; Pre and post are obtained from paired t test; Comparison among the groups are 
obtained from ANOVA; Difference exits between Metformin and Combination group obtained from post hoc 
tuckey’s 

$
; Statistically significant p-value < 0.01; TG: Triglyceride, HDL-cholesterol: high-density lipoprotein 

cholesterol, LDL cholesterol: low-density lipoprotein-cholesterol, VLDL-cholesterol: very low-density lipoprotein 
cholesterol 

 
RCT published from 2000 to 2014 were 
systematically searched by Sun and Buys, 
comprising of 15 studies and 788 subjects. The 
study concluded, Total Cholesterol (TC) and 
LDL-C levels were reduced that is found to be 
statistically significant after Probiotics 
intervention. They also mentioned that the 
significant decrease in LDL was found in the 
clinical trials that had Lactobacillus Acidophilus 
strain when compared to other types of strains 
[24].  
 
A study done in Iran by Ahmadi et al. in PCOS 
women reported that Probiotic supplementation 
containing Lactobacillus Acidophilus, 
Lactobacillus Casei and Bifidobacterium Bifidum 
species for 12 weeks had promising effects not 
only on weight loss and markers of insulin 
resistance but also on triglycerides and VLDL-C 
[25]. Rajkumar et al. (2015) found that Probiotic 
supplementation among hale and hearty young 

individuals for 6 weeks resulted in a significant 
reduction in total-cholesterol, LDL-C, triglycerides 
and a significant increase in HDL-cholesterol 
concentrations [26]. 
 
Moreover a study demonstrated that 
Bifidobacterium containing Probiotic supplements 
along with diet therapy improved dyslipidemia 
(especially TC and LDL-C) in children [27]. 
 
The results of the meta-analysis by Guo et al. 
indicated that Probiotics rich-diet reduces TC and 
LDL-C levels in plasma for partakers with high 
and borderline high cholesterol levels [28]. 
 
The some inconsistencies between results of our 
study and those of earlier reports might be 
clarified by variability in strains and prescribed 
quantity of Probiotics used, the duration of the 
treatment, clinical features of the participants as 
well as the quality of the supplements. 
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Multiple set of studies have been conducted to 
establish the importance of improving 
dyslipidemia in relation to diabetes [29,30] and 
so effects of metformin on the same [31]. Our 
data too, revealed the beneficial effects of 
metformin on serum cholesterol, TG and HDL but 
in the setting of PCOS.  
 
Karimzadeh et al indicated that Metformin is not 
only suggested for PCOS women because of its 
worthwhile  efficacy  in ovulation induction and 
overcoming insulin resistance , but also for its 
probable effectiveness against  disturbed lipid 
metabolism [32]. Zhang et al. in the same way 
evaluated lipid parameters after 3 months of 
metformin treatment in which they remarked that 
serum total cholesterol and triglycerides were 
significantly decreased [33]. In 2017 Singh et al. 
evaluated different lipid markers in PCOS after 6 
months of Metformin treatment and found that 
there was significant reduction in serum total 
cholesterol, LDL-C and TG (p<0.01) [34]. 
 
Another study by Kailka et al. mentioned the 
beneficial effects of Metformin on lean women 
with polycystic ovarian syndrome with displayed 
significant decrease in the TG and LDL-C levels 
[35]. 
 
Metformin therapy improves cardiometabolic 
possibilities related to elevated LDL-C and non-
HDL-C, therefore, the study highlighted the 
cardio protective part of Metformin in youngsters 
with metabolic syndrome and offers extra 
explanation  to consider the use of Metformin in 
PCOS [36]. 
 
The current study also demonstrated significant 
changes in the total cholesterol, TG, LDL-C and 
HDL-C in combination group. There is a scarcity 
of literature regarding the efficacy of combination 
therapy in improving lipid profiles and to the best 
of our data search there is only single study by 
Shavakhi et al. that showed the combination of 
Metformin and Probiotic improved liver 
aminotransferases superior than metformin alone 
in participants with non-Alcoholic Steatohepatitis. 
Moreover, it demonstrated that total cholesterol 
changed significantly relative to baseline after 6 
months in Metformin/Probiotic group when 
compared to Metformin/placebo group [37]. 

 
There is no significant difference among three 
groups in modifying different parameters of 
dyslipidemia and more or less all the three 
treatment regimen showed variable 
improvement, except for Total Cholesterol which 

was significantly improved in Combination 
(Met/Pro) as compared to Metformin group. As 
mentioned earlier this was the first study which 
evaluated the efficacy of combined Metformin 
and Probiotic in ameliorating altered lipid profile 
so, further studies are warranted in this regard to 
confirm the results. 
 

5. CONCLUSION 
 
All the three groups i.e. Metformin, Probiotics 
and Combination have potential to reduce weight 
gain and mitigate the lipid imbalances associated 
with PCOS. Further multi-centered clinical trials 
must be conducted to validate our results before 
commercialization of Probiotics in favor of this 
disease with different proportions of       
Metformin and the same. Moreover, the efficacy 
of Combination therapy must be evaluated in 
alleviating different symptoms of PCOS  
including insulin resistance, so as to support or 
substitute the Metformin alone, in whom it is 
insufficient for improvement of clinical outcomes 
of PCOS.  
 

6. LIMITATIONS 
 

 It was a single-centered study. 
 The sampling technique was non-

probability convenient sampling.  
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