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Abstract: Women with polycystic ovary syndrome (PCOS) are at high cardiometabolic risk. The
atherogenic index of plasma (AIP) strongly predicts atherosclerosis. Some studies suggest that
probiotic intake may lower AIP. This study analysed the relationship between the frequency of dietary
intake of low glycaemic index (prebiotic) and probiotic foods and atherosclerosis risk in women with
PCOS. Methods: A total of 127 women were divided into two groups: AIP over 0.11 (highAIP) and
AIP < 0.11 (lowAIP). The KomPAN® questionnaire was used to measure food frequency intake;
pro-healthy, non-healthy, low glycaemic and probiotic dietary indexes were calculated based on
daily food consumption. Body composition was measured by air displacement plethysmography
(BodPod). AIP was calculated as a logarithm of triglycerides and high-density lipoproteins from
plasma. Results: The highAIP group was 63% less likely to consume low glycaemic index foods three
or more times a day than the lowAIP group. The HighAIP group was also 62% less likely to consume
buckwheat, oats, whole-grain pasta or coarse-ground grains at least a few times a week. Pro-healthy
foods tended to be less frequently consumed by the highAIP group, when adjusted for BMI and age.
Conclusion: Women with PCOS at high risk of atherosclerosis consumed less low glycaemic index
foods than women with a low risk of atherosclerosis. Intake of high-fibre, low glycaemic index foods
could prevent atherosclerosis in women with PCOS; however, the effect of probiotic food intake
remains unclear.

Keywords: atherosclerosis; frequency intake; diet quality; BodPod; body composition; AIP

1. Introduction

Polycystic ovary syndrome (PCOS) is a heterogeneous disorder that affects
reproductive-age women, and is characterised by both ovarian cysts and high levels of
androgenic hormones [1]. This disorder can be accompanied by insulin sensitivity, diabetes,
high blood pressure, hypercholesterolemia, and depression [2]. Additionally, more than
50% of women with PCOS are believed to be overweight or obese, with an increased
cardiometabolic risk due to the conditions listed above [3-5].

Research has shown that the vast majority of women with PCOS consume an unbal-
anced diet deficient in fibre, fatty acid omega 3, calcium, magnesium, zinc, and vitamins
(folic acid, vitamin C, and vitamin B12) [6]. In contrast, excesses of sucrose, sodium,
total fats, saturated fatty acids, and cholesterol have been noted [6]. With the aim of
cardiometabolic prevention, women with PCOS are advised to increase their intake of
plant-based foods—including whole grains, fruits, vegetables, legumes, nuts, and less-
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processed foods of animal origin [7]. If insulin resistance is present, they should also lower
the glycaemic index and saturated fats of food they consume. Our previous research has
shown that women with PCOS consume fewer low glycaemic index foods than those in a
control group [8]. Additionally, women who restrict sugar (foods with a high glycaemic
index) tend to have better diet quality overall than women who do not [9]. Some studies
indicate that vitamin B3 supplementation could be valuable, as a deficiency in vitamin B3
contributes to inflammation and thus increases cardiometabolic risk [10,11]. While drawing
attention to cardiometabolic risk protection in women with PCOS, it has recently been
shown that 8 weeks of CoQ10 supplementation had a beneficial effect on inflammatory and
endothelial dysfunction markers in overweight and obese patients with PCOS [12-14]. In
addition, vitamin D supplementation increases insulin synthesis, insulin receptor expres-
sion, and insulin response to glucose transport [15]. Similarly, herbal supplements seem to
be highly effective in combating chronic inflammation (Curcuma longa) and improving
liver steatosis (Silybum marianum, Nigella sativa) in PCOS [16,17].

Recently, the relationship between the gut-brain axis and health has been discussed.
Multiple studies suggest using probiotics to manage metabolic syndrome; however, results
vary [18-20]. Lactobacillus and Bifidobacterium, found in naturally fermented foods such
as yoghurt, could improve the gut microbiota of obese patients and therefore improve
metabolic syndrome status [21]. Some studies suggest that probiotic supplementation in
both humans and animals lowers plasma’s blood lipid and atherogenic index, a strong
marker of coronary artery disease [22-24]. Additionally, it has been shown that microbiota
is affected by BMI and body composition [25,26]. After weight reduction in obese patients,
the total abundance of bacteria increases; specifically, the ratio of Firmicutes/Bacteroidetes
decreases, and Lactobacilli significantly increase [25].

The novel concept of “microgenderome,” the potential interaction between sex hor-
mones and gut microbiota, has also recently emerged in microbiota research [27]. This
theory suggests that the composition of the commensal microbiome of males and females
becomes different during puberty, and that sex hormone levels have specific effects on
microbiota composition. A mouse model found that a decrease in gut microbiota increased
testosterone concentration in female mice but decreased it in male mice. Thus, the commen-
sal gut microbiota affected the production of the male sex hormone [27,28]. Taken together,
these results and the research on intestinal microbiota problems in women with PCOS
indicate that this relationship needs to be investigated; some researchers suggest that the
treatment of PCOS should include probiotic supplementation [29]. Additionally, research
shows that the intake of polyphenols from whole grains can regulate both microbiota and
serum lipid profile [30]. Therefore, considering that women with PCOS have microbiota
alterations [28], the intake of prebiotics and high-fibre foods should be emphasised, and
recommendations for consumption should be discussed.

Although cardiometabolic risk can be life-threatening in women with PCOS, research
on the consumption of synbiotic foods in this population is limited, so studies should
be developed with this aim. It is worth noting that the search for markers that estimate
cardiometabolic risk in different populations, including women with PCOS, is widely
discussed in the literature [3,31]. However, few studies have reported on the properties of
dietary probiotics that lead to changes in cardiometabolic markers in women with PCOS.
Among several such markers, the atherogenic index of plasma (AIP) is a logarithmic trans-
formation of the ratio of triglycerides and high-density lipoproteins [24]. AIP is inversely
related to LDL particle size, and small dense LDL-C is very vulnerable to oxidative damage;
therefore, it is more likely to cause atherosclerotic lesions. This marker is considered a
good early predictor of cardiovascular disease in women with PCOS and has previously
been used in research with this population [3,18,32-34]. Nevertheless, AIP has never been
analysed in relation to the intake frequency of antiatherogenic foods.

Despite the apparent benefits of synbiotic foods on health outcomes, their effect on
PCOS outcomes remains unclear. Additionally, the frequency of consumption of selected
food groups that guaranteed improvement was not identified. Those facts prompted us
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to look for associations between atherosclerosis risk and the consumption of synbiotic
food groups. With this in mind, we analysed the relationship between the consumption
frequency of pro- and prebiotic foods and atherosclerosis risk, as such consumption could
have a potential protective effect in supporting the treatment of women with PCOS.

2. Materials and Methods
2.1. Study Participants

A total of 127 women of reproductive age diagnosed with PCOS were recruited from
the Department of Endocrinology, Metabolism and Internal Medicine, Poznan University
of Medical Sciences (Figure 1). Participants were classified according to Rotterdam criteria.
Specific inclusion criteria for the study group were as follows: PCOS diagnosis (according
to Rotterdam criteria), age 18—40, and BMI 18-35 kg/ m?2. Exclusion criteria for both low
and medium-high AIP groups comprised: chronic hepatic, renal or rheumatic diseases;
overt hypothyroidism; and pregnancy. Written informed consent was obtained from all
participants. The clinical examination protocol complied with the Declaration of Helsinki
for Human and Animal Rights and its later amendments and received ethical approval
from the Board of Bioethics of the University of Medical Science (552/16; 986/17).

Women with PCOS recruited to the nutrition study inthe Department of Endocrinology Metabolism and
Internal Medicine June 2016— December2019. (n= 163)

Exclusion criteria: Inclusion criteria:

1.  Previously diagnosed with extreme obesity, 1.  PCOSdiagnosis
heart defect, decompensated thyroid
dysfunction, severe acute or chronic renal or
liver diseases, Cushing’s disease, congenital
adrenal hyperplasia, or eating disorders

2. Currently on birth control or hormonal
replacement therapy, ovulation inducing
agents, anti-androgens over the last 2 months
prior to the study Excluded subjects:

1. Age=40 (n=7)

2. Missingdata(n=29)

2. Agel8—a0

Women with PCOS diagnosis (n=127)

Figure 1. Patient recruitment flowchart.

2.2. Atherogenic Markers

Total cholesterol (TC-C), high-density lipoprotein cholesterol (HDL-C), and triglyc-
erides (TG-C) were evaluated using the enzymatic colourimetric method. The Friedewald
formula was used to estimate low-density lipoprotein cholesterol (LDL-C). Serum glucose
was assessed with the hexokinase method (Roche Diagnostics) and a coefficient of variation
(CV) of 3%. The following formula calculated the homeostasis model assessment for insulin
resistance (HOMA-IR): HOMA-IR = (fasting plasma glucose (mg/dL) X fasting plasma
insulin (mU/L))/405. To determine IR, a threshold of HOMA-IR > 2.5 was used [35]. The
atherogenic index of plasma (AIP) was calculated as the logarithm of the total triglycerides
to high-density lipoproteins ratio. A ratio of 0.11 and above was considered medium-high
risk [36].

2.3. Food Frequency Intake and Diet Quality Indexes

Food frequency intake was assessed using the validated Dietary Habits and Nutri-
tion Beliefs KomPAN® Questionnaire, which consists of 25 questions about different food
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groups. According to the manual, each answer is rated from 0 (never eaten) to 2 (eaten twice
a day or more) [37,38]. For each food item, the frequency consumption categories were con-
verted to values reflecting daily consumption (1) never = 0.00, (2) 1-2 times/month = 0.06,
(3) once a week = 0.14, (4) 2-3 times/week = 0.5, (5) once a day = 1 and (6) a few times
during the day = 2. These conversions are accepted in the literature and bear out the
authors’ own experiences [39,40].

The intensity of food frequency intake was characterised using diet indexes for prod-
ucts widely considered healthy, unhealthy, probiotic, and low glycaemic index To evaluate
overall diet quality, pro-Healthy-Diet-Index (pHDI-10), non-Healthy-Diet-Index (nHDI-14),
Probiotic diet index (ProDI-4), and low-glycaemic diet index (IGIDI-4) scores were estab-
lished based on previous knowledge and other validated studies [8,41].

Each index was designed and calculated based on the same conversion formula as
previously validated in [8,38]: Groups of food products classified in the individual diet
indexes are presented in Table 1.

A x100%
Diet Index (%) = Z;%

where A was the patient’s actual frequency intake per day, and B was the patient’s maximum
possible frequency intake per day. For example, for the probiotic food index:
Y A=006+014+1+2and ) B=2+2+2+2.

Table 1. Probiotic (ProDI-4), low glycaemic (IGIDI-4), pro-healthy (pHDI-10), and non-healthy
(nHDI-14) diet quality indexes and their product content.

Food Group Products Included
proDI-4 1 (1) Fermented milk drinks, (2) Pickled vegetables, (3) Fresh cheese-curd products, (4) Cheese
|GIDL4 2 (1) Wholemeal bread, (2) Buckwheat, oats, whole-grain pasta or other coarse-ground grains,
(3) Legume-based foods, (4) Vegetables

(1) Wholemeal bread, (2) Buckwheat, oats, whole-wheat pasta, (3) Milk, (4) Fermented milk

pHDI-10 3 drinks, (5) Fresh cheese-curd products, (6) White meat, (7) Fish, (8) Legume-based foods,
(9) Fruits, (10) Vegetables
(1) White bread, (2) White rice, pasta, fine-ground grains (3) Fast food, (4) Fried dishes,

nHDI-14 4 (5) Butter, (6) Lard, (7) Cheese, (8) Cold meats, smoked sausages, hot dogs, (9) Red meat

dishes, (10) Sweets, (11) Tinned meats, (12) Sweetened carbonated and non-carbonated
drinks, (13) Energy drinks, (14) Alcoholic beverages

1 Probiotic diet index, 2 low glycaemic diet index, 3 Pro-healthy diet index, 4 Non-healthy diet index.

For each food group (diet index), consumption level was classified on a percentage
scale. Each diet index was expressed in % points and was categorised as follows: low-
(0-33.32% points), moderate- (33.33—-66.65% points), or high- (66.66-100% points) intensity
consumption of selected food groups.

To control for both fat intake and for preferences of whole fat, low fat, and non-fat
dairy, as well as for sweetened and non-sweetened diary, the following questions were
added to the analysis:

1. What is the usual fat content of dairy products you consume?
2. Do you consume sweetened milk drinks and desserts for snacks?
3. Do you consume non-sweetened milk drinks and desserts for snacks?

The answers to these questions were analysed in Table 2.

2.4. Body Composition

Patient body composition was assessed using air plethysmography via BodPod (Life
Measurement Inc., Concord, CA, USA); measurements were performed according to the
validated protocol. Participants came to sessions after overnight fasting. The patients
were advised to wear approved clothing, such as bathing suits, compression shorts, and
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bras with no wiring or padding, and not to wear any jewellery. Additionally, each patient
wore a swim cap to decrease hair volume. The equipment was calibrated every morning
before study sessions; each session took place at 21-26 °C with relative humidity between
20-70%. Patients” height, weight, and waist and hip circumferences were also recorded.
Measurements (and their respective cut-off points) were performed according to WHO
recommendations [42] (Supplementary Table S1)

Table 2. Characteristics of the study sample and their dairy preferences.

Low AIP (n = 68) High AIP (n = 59)

Variable
Mean + SD Median (CI95%) Mean + SD Median (CI95%) p
Age (y) 26+5 25 (4; 6) 26+ 6 25(5;7) 0.74
Body mass (kg) 66.4 +11.2 63.6 (11.2;9.6) 753 £ 16.1 72.7 (13.6; 19.7) 0.00 *
BMI (kg/m?) 235+ 3.3 22.9(2.9;4.0) 274 +5.7 26.8 (4.8;7.0) 0.00 *
Waist circumference (cm) 773 +99 76.0 (8.4;11.9) 86.5 + 14.3 88.0 (12; 18) 0.00 *
WHR (-) 0.79 £+ 0.06 0.78 (0.05; 0.07) 0.84 +0.10 0.80 (0.09; 0.12) 0.00 *
FM (%) 37.2+229 33.0 (19.5; 27.7) 45.8 +25.8 41.1 (21.8; 31.6) 0.05
FEM (%) 70.5 + 16.9 68.2 (14.4; 20.5) 66.9 +21.2 60.5 (17.9; 26.1) 0.30
T. Cholesterol (mg/dL) 170.6 £ 29.2 168.5 (25.0; 35.2) 187.4 £+ 32.0 185.0 (27.1; 39.2) 0.00 *
HDL (mg/dL) 75+ 14 73.0 (12.0; 16.9) 55 + 11 55.0 (9.0; 13.0) 0.00 *
LDL (mg/dL) 84 + 25 83.0 (21.5; 30.3) 108 £+ 30 110.4 (25.7; 37.1) 0.00 *
TG (mg/dL) 55+ 15 53.0 (12.7;17.9) 123 + 67 103 (56; 81) 0.00 *
Fasting glucose (mg/dL) 87 +7 88 (6;9) 91+7 90 (5.6; 8.0) 0.00 *
Fasting insulin (uU/mL) 8.10 £+ 3.63 7.35 (3.10; 4.37) 14.59 + 8.58 12.4(7.3; 10.5 0.00 *
HOMA-IR (-) 1.79 + 0.89 1.58 (0.76; 1.07) 3.37 £2.19 29(1.8;2.7) 0.00 *
AIP 1 (-) —0.33 £0.29 —0.35 (0.25; 0.36) 0.73 + 0.55 0.59 (0.47; 0.67) 0.00 *
proDI-4 2 (%) 13.85 £ 8.75 14.12 (7.48; 10.53) 14.84 £ 8.26 14.00 (6.99; 10.10) 0.52
1GIDI-4 3 (%) 30.47 + 16.19 27.50 (13.85; 19.48) 25.27 + 14.29 26.75 (12.09; 17.46) 0.05*
pHDI-10 * (%) 27.50 + 11.04 26.10 (9.44; 13.29) 23.99 + 10.72 20.3 (9.07; 13.10) 0.07
nHDI-14 5 (%) 13.63 +7.83 11.39 (6.70; 9.43) 13.92 + 8.03 11.86 (6.80; 9.82) 0.83
n % n %
Unsweetened milk drinks as a snack 25 20 21 17 0.89
Sweetened milk drinks as a snack 12 9 18 14 0.08
Milk and milk drinks
Whole fat 27 21 27 21
Low fat 30 24 27 21 0.68
Non-fat 2 2 1 1
No dairy 9 7 4 3

1 ATP—atherogenic index of plasma; ? proDI-4—probiotic diet index; 3 1GIDI-4—low glycaemicdiet index;
4 pHDI-10—pro-healthy diet index; > nHDI-14—non-healthy diet index. p values below the statistical significance
threshold are marked with * (p < 0.05). Non-parametric values were calculated with chi-square tests.

2.5. Statistics

Statistical analysis was performed using Statistica (Stat Soft, Krakow, Poland) software.
Differences in patient characteristics between the two groups were calculated using inde-
pendent samples t-tests. For data that was not normally distributed, the Mann-Whitney U
test was used. Chi-square tests were performed for non-parametric and categorisation data.
Logistic regression analysis was used to estimate odds ratios (OR) and 95% confidence
intervals (95% CI) of the estimated dietetic intake in relation to the atherogenic index
of plasma. Statistical analyses were performed according to other previously published
studies [8,41,43].

3. Results

A total of 127 women with PCOS took part in the study (Figure 1). Women were
divided into two groups: one of the participants with either a moderate or high risk of
atherosclerosis (AIP > 0.11; n = 59), and one of those with a low risk of atherosclerosis
(AIP < 0.11; n = 68). Women with high AIP had significantly higher metabolic markers
(body mass, BMI, waist circumference, WHR, total cholesterol, LDL, triglycerides, HOMA,
fasting insulin, and glucose). HDL was significantly higher in women with low API, and
women with high API tended to have a higher fat percentage than women with low APIL
Fat-free mass and age were not significantly different between the two groups (Table 2).
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In both groups, low-intensity consumption of both pre-and probiotic foods was ob-
served; we noted values below 33%. Nevertheless, in the low AIP group, preDI-4 was
significantly lower than in the group with high AIP (30% vs. 25%; p < 0.05). There was also
no significant difference in consumption of sweetened milk drinks and desserts, unsweet-
ened milk drinks and desserts, and low and whole-fat milk between groups. Additionally,
13% of the women did not consume dairy at all.

The association between food frequency intake and high AIP is shown in Table 3.
Women with AIP equal to or above 0.11 were 68% less likely to have 1GIDI-4 equal to or
above the upper quartile than women with low AIP (Figure 2, Supplementary Table S2).
Women with high AIP were also 65% less likely to consume buckwheat, oats, whole-grain
pasta or coarse-ground grains at least a few times a week (Table 3).

Table 3. Odds ratios (ORs with 95% confidence intervals (95% CI)) of the high atherogenic index of
plasma according to the consumption frequency of selected food groups.

Food Groups

Atherogenic Index of Plasma > 0.11

Occurrence (%)/n

Crude OR (CI 95%)

OR Adjusted for BMI and Age (CI 95%)

Wholemeal (brown) bread /bread rolls
>once a day

(13)/16

1.21 (0.54; 2.72); p = 0.64

1.18 (0.48;2.89); p = 0.71

Buckwheat, oats, whole-grain pasta or
other coarse-ground grains
>two times a week

(16)/20

0.38 (0.18;0.79); p = 0.01 *

0.35(0.16;0.78); p = 0.01 *

Pickled vegetables
>two times a week

/9

1.35 (0.48; 3.80); p = 0.57

0.82(0.24;2.84); p = 0.76

Milk (including flavoured milk, hot
chocolate, or latte)
>once a day

(16)/19

0.64 (0.31;1.33); p = 0.23

0.51(0.22;1.18); p = 0.11

Fermented milk drinks, e.g., yoghurts,
kefir (natural or flavoured)
>once a day

(8)/10

1.18 (0.45; 3.11); p = 0.73

0.96 (0.32; 2.85); p = 0.94

Fresh cheese-curd products, e.g.,
cottage cheese, cream cheese,
cheese-based puddings

>once a day

272

1.16 (0.16; 8.66); p = 0.86

1.03 (0.10; 10.4); p = 0.98

White meat, e.g., chicken, turkey,
rabbit
>two times a week

(35)/45

1.25 (0.56; 2.80); p = 0.59

1.25 (0.56; 2.80); p = 0.59

Fish
>two times a week

4)/5

0.61 (0.19; 1.95); p = 0.40

0.47 (0.13; 1.78); p = 0.26

Legume-based foods, e.g., beans, peas,
soybeans, lentils

>once a week

>two times a week

(16)/19
6)/7

0.72 (0.35; 1.51); p = 0.38
0.60 (0.21; 1.55); p = 0.27

0.60 (0.26; 1.37); p = 0.22
0.50 (0.16; 1.54); p = 0.22

Fruits
>two times a day

9)/12

0.66 (0.29; 1.52); p = 0.32

059 (0.23; 1.51); p = 0.27

Vegetables
>two times a day

17)/22

1.16 (0.56; 2.43); p = 0.68

1.21 (0.54; 2.70); p = 0.64

White bread and bakery products, e.g.,
wheat bread, rye bread, wheat-rye
bread, toast bread, bread rolls

>once a day

(14)/18

0.71 (0.34; 1.50); p = 0.36

0.98 (0.43; 2.26); p = 0.97

White rice, white pasta, fine-ground
groats, e.g., semolina, couscous
>two times a week

(12)/15

055 (0.26; 1.19); p = 0.13

0.67 (0.29; 1.56); p = 0.35

Fast foods, e.g., potato chips/French
fries, hamburgers, pizza, hot dogs
>once a week

©)/11

0.81 (0.34; 1.95); p = 0.64

1.03 (0.40; 2.67); p = 0.95

Fried foods (e.g., meat or flour-based
foods such as dumplings,

pancakes, etc.)

>two times a week

(20)/26

1.12 (0.52; 2.43); p = 0.77

1.12 (0.52; 2.43); p = 0.77

Butter as a bread spread or as an
addition to your meals/for frying/for
baking, etc.

>once a day

(15)/19

1.06 (0.50; 2.27); p = 0.87

0.85 (0.36; 1.98); p = 0.70
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Table 3. Odds ratios (ORs with 95% confidence intervals (95% CI)) of the high atherogenic index of
plasma according to the consumption frequency of selected food groups.

Atherogenic Index of Plasma > 0.11
Occurrence (%)/n Crude OR (CI 95%) OR Adjusted for BMI and Age (CI 95%)

Food Groups

Lard as a bread spread, or as an

addition to your meals/for frying/for

baking, etc.

>once a week 1)/1 0.28 (0.03; 2.60); p = 0.26 0.25 (0.02; 3.09); p = 0.27

Cheese (including processed cheese
and blue cheese)
>two times a week (24)/30 1.10 (0.54; 2.22); p = 0.80 1.34 (0.61; 2.94); p = 0.46

Cured meat, smoked sausages,
hot dogs
>two times a week (26)/33 1.35 (0.66; 2.73); p = 0.41 1.45 (0.66; 3.17); p = 0.35

Red meat, e.g., pork, beef, veal,
lamb, game
>two times a week (16)/20 1.98 (0.88;4.43); p = 0.10 1.81(0.75; 4.36); p = 0.18

Sweets, e.g., confectionery, biscuits,
cakes, chocolate bars, cereal bars, etc.
>two times a week (31)/39 1.06 (0.51;2.23); p = 0.87 1.25 (0.55; 2.85); p = 0.59

Tinned (jar) meats
>1-3 times a month 9)/12 1.32(0.53; 3.30); p = 0.54 0.94 (0.33;2.67); p = 0.91

Sweetened carbonated or still drinks
>two times a week 6)/8 1.18 (0.41; 3.39); p = 0.76 0.92 (0.27; 3.08); p = 0.89

Energy drinks
>once a week 2)/2 0.76 (0.12; 4.80); p = 0.77 1.01 (0.14; 7.61); p = 0.99

Alcoholic beverages
>once a week (10)/13 0.79 (0.34; 1.79); p = 0.56 0.79 (0.32;1.97); p = 0.61

p values below the threshold of statistical significance are marked with * (p < 0.05).

nHDI-14 N
zupper quartile
pHDI-10
>upper quartle
*
1GIDI4
>upper quartle
proDI-4
zupper quartile
0.0 0.5 10 15 2.0 25 3.0 35
Less likely More likely
AIP=0.11 AIP=0.11

Figure 2. Odds ratios with 95% confidence intervals for upper quartiles of diet quality indexes when
the atherogenic index of plasma (AIP) was above or equal to 0.11, adjusted for age and BMI. p values
below the statistical significance threshold are marked with * (p < 0.05).

4. Discussion

The present study is an original investigation examining the effect of synbiotic food
consumption on atherosclerosis risk in women diagnosed with PCOS. Overall, we ob-
served that consuming low glycaemic index foods at least twice a week decreased car-
diometabolic risk.
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Before discussing prebiotic, probiotic or synbiotic foods, it is essential to clarify that
their health-promoting properties are widely confirmed [44—46]. Probiotics are living mi-
croorganisms that, when administered adequately, confer a health benefit to the host [47,48].
Prebiotics are non-digestible foods that positively affect the growth and/or activity of cer-
tain bacteria in the gastrointestinal tract, thus improving the host’s condition [49]. Synbiotics
combine probiotics and prebiotics; all can be found in popular food products. Prebiotics
are found in wholemeal grains, chicory root, garlic, onions, legumes, or apples; the solu-
ble fibre present in those foods feeds beneficial microbiota in the human large intestine.
Additionally, reports have shown that the intake of polyphenols influences the gut-brain
axis [50]. Probiotics can be found in fermented foods like yoghurt, kimchi, pickles, or
tempeh.

Since eating behaviour is complex and respondents eat foods with similar properties;
we designed probiotic and low glycaemic, high-fibre diet indexes. The probiotic index
included fermented milk drinks, tinned vegetables, fresh cheese-curd products, and cheese.
In comparison, the low glycaemic index consisted of wholemeal bread, buckwheat, oats,
whole-grain pasta or other coarse-ground grains, legume-based foods, and vegetables.

Compared with women with PCOS and high AIP, those with low AIP reported higher-
intensity consumption of low glycaemic index (prebiotic) foods, like wholemeal bread,
buckwheat, oats, whole-grain pasta or other coarse-ground groats, legume-based foods,
and vegetables. A high frequency of consumption of products from this particular group
(above the top quartile: 38.25%) indicated a significantly lower (68%) cardiometabolic
risk. However, the risk changed when we excluded legumes and vegetables from this
group. It turned out that they did not have as strong a protective effect as wholemeal bread,
buckwheat, oats, whole-grain pasta or other coarse-ground groats. Ultimately, the analysis
showed that consuming products from this particular group at least twice a week reduced
cardiometabolic risk by 65%.

Given the discussion in the literature concerning carbohydrate intake, these results
may be surprising. In recent years, the ketogenic diet has gained popularity because of its
low glycaemic index; the ketogenic diet is characterised by very restrictive carbohydrate
consumption. Some studies show that this diet positively influences insulin sensitivity and
lipoprotein and androgen status in women with PCOS [51-53]. However, these studies
did not include control groups, so a broad conclusion is difficult. Other studies show that
both a high intake of whole-grain carbohydrates and a low glycaemic index effectively
support pharmacological therapy for PCOS [54-57]. In our study, the decisive role in
decreasing atherosclerosis risk was played by low glycaemic index products, which are
a significant source of carbohydrates with prebiotics, soluble fibre, and antioxidant.. The
diet’s antioxidant capacity is hard to ignore when discussing the beneficial effects of its
nutrition; our previous studies have repeatedly highlighted and discussed this [58,59].

The current results have unique significance because of the combination of nutritional
intake analysis and atherosclerosis risk. To examine this, we chose markers like body fat
composition and anthropometrics (Supplementary Table S1), fasting glucose and insulin,
lipid profile, HOMA-IR, and atherogenic index of plasma (AIP). AIP was used to calculate
atherosclerosis risk; its use in women with PCOS has been previously demonstrated in the
literature [60]. The AIP is based on a positive association with lipoprotein particle size,
cholesterol esterification rates, and remnant lipoproteinemia, and it is even recommended
as a sole marker of cardiovascular diseases (CVD) [61]. AIP values of —0.3 to 0.1 are
associated with a low risk of CVD, values of 0.1 to 0.24 with a medium risk, and values
above 0.24 with a high risk [36].

We must emphasise that our results have important implications for managing dietary
recommendations for women with PCOS. In our study, we analysed the consumption of
all food groups; nevertheless, only low glycaemic index products affected atherosclerosis
risk as expressed by the atherogenic index of plasma (AIP). In that group, the consumption
of buckwheat, oats, whole-grain pasta or other coarse-ground groats strongly influenced
atherosclerosis risk. This outcome supports other studies concluding that the quality of
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consumed carbohydrates influences atherosclerosis risk. However, we did not find an
adverse relationship between AIP and low-quality carbohydrates (processed grains or
white bread). Notably, the groups we found significant included products containing high
amounts of soluble fibre. Soluble fibre feeds probiotic bacteria and decreases cholesterol
by binding bile salts to the intestinal passage and excreting it with faeces [62,63]. In total,
10 pro-healthy food groups had a tendency to lower AIP.

Although the beneficial effect of probiotics on atherosclerosis has been previously
observed in the literature [18,63], our research quantifies this relationship for the first time.
Interestingly, we found no correlation between consumption of probiotic foods and AIP;
probiotic foods were mainly represented by dairy products. Frequent dairy intake seems
to lower the risk of diabetes mellitus; however, it is unclear whether it benefits women
with PCOS [64,65]. It is also known that low-fat, unsweetened dairy intake has much better
health outcomes than sweetened, full-fat dairy intake; low-fat dairy is recommended to
reduce the risk of atherosclerosis [7]. In our study, there was no significant association
between the intake of sweetened dairy and the risk of atherosclerosis. A high risk of
atherosclerosis was also not significantly associated with whole-fat dairy intake. This result
agrees with research showing that including whole-fat diary in an otherwise healthy dietary
pattern is not associated with hypercholesterolemia [66].

Despite reaching its aims, this study may have some limitations. For example, the
calculation of both prebiotics and probiotics is limited; specifically, we used the low gly-
caemic index dietary score to assess prebiotic intake. Although this index includes most
prebiotic foods (such as breads, grains, vegetables, and legumes), it does not include single
products from different groups (e.g., apples or onions, which are also high-prebiotic foods).
However, using a strong atherosclerosis marker, a validated food frequency questionnaire
appropriate for the Polish population, and a thorough body composition analysis, this
study provides valuable information on maintaining cardiovascular health in women with
PCOS. It should be emphasised that the obtained results could be supported by micro-
biota analysis (currently a missing element), as this could provide a complete picture of
microbiota in women with PCOS. Following this analysis, further research should include
a high-fibre diet intervention study. Although we have observed the associations between
dietary patterns and atherosclerosis risk in women with PCOS, the mechanisms behind it
are still unclear.

5. Conclusions

In conclusion, intake of prebiotic foods is inversely associated with a medium or
high risk of atherosclerosis in women with PCOS. Such an association has not been found
between atherosclerosis risk and probiotic foods. Our data provide further evidence that
promoting dietary recommendations to consume good quality carbohydrates and low GI
products in a balanced diet should be considered part of a PCOS treatment plan. Future
multidisciplinary approaches involving dietary intervention and microbiota analysis should
be regarded to characterise changes meant to counteract atherosclerosis risk in women with
PCOS. We believe that further research should move in this direction.

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/1ife13030799 /51, Table S1: Anthropometric measurements
characteristics of the study group. Table S2: Odds ratios (ORs with 95% confidence interval (95% CI))
of the high atherogenic index of plasma according to the diet quality indexes.

Author Contributions: Conceptualisation, M.C.-M., M.K. and A.B.-D.; methodology, A.B.-D.,
M.C.-M. and M .K; software, A.B.-D., M.C.-M. and A.G.; validation, A.B.-D. and M.C.-M.; formal
analysis, A.B.-D., M.C.-M. and M.K,; investigation, A.B.-D., M.C.-M. and M.K,; resources, M.C.-M.,
MK, MR. and K.Z,; data curation, A.B.-D., M.K. and A.G.; writing—original draft preparation,
M.C.-M., AB.-D. and A.G,; writing—review and editing, A.B.-D., M.K,, M.C.-M.,, A.G., K.Z. and M.R;;
visualisation, M.C.-M. and A.B.-D.; supervision, M.C.-M., MK, K.Z. and M.R; project administration,
M.C.-M. and M.K.; funding acquisition, M.C.-M. and M.K. All authors have read and agreed to the
published version of the manuscript.


https://www.mdpi.com/article/10.3390/life13030799/s1

Life 2023, 13, 799 10 0f 13

Funding: This research received no external funding.

Institutional Review Board Statement: The study was carried out in accordance with the Helsinki
Declaration after obtaining approval from the Board of Bioethics of Poznan University of Medical
Sciences (552/16; 986/17) and obtaining signed informed consent from all participants.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data supporting the conclusions of this article are included within
the article and its additional files. The other datasets used and/or analysed during the current study
are available from the corresponding author upon reasonable request.

Acknowledgments: We would like to express thanks to Katarzyna Wachowiak-Ochmariska for her
valuable help with patient qualification.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

El Hayek, S.; Bitar, L.; Hamdar, L.H.; Mirza, E.G.; Daoud, G. Poly Cystic Ovarian Syndrome: An Updated Overview. Front. Physiol.
2016, 7, 124. [CrossRef]

Williams, T. Diagnosis and Treatment of Polycystic Ovary Syndrome. Nurs. Stand. 2016, 94, 44-51. [CrossRef]

Kaluzna, M.; Czlapka-Matyasik, M.; Wachowiak-Ochmanska, K.; Moczko, J.; Kaczmarek, J.; Janicki, A.; Piatek, K.; Ruchata, M.;
Ziemnicka, K. Effect of Central Obesity and Hyperandrogenism on Selected Inflammatory Markers in Patients with PCOS: A
WH{tR-Matched Case-Control Study. J. Clin. Med. 2020, 9, 3024. [CrossRef] [PubMed]

Kim, J.J.; Chae, S.J.; Choi, Y.M.; Hwang, K.R.; Song, S.H.; Yoon, S.H.; Kim, S.M.; Ku, S.Y,; Kim, S.H.; Kim, J.G,; et al. Atherogenic
Changes in Low-Density Lipoprotein Particle Profiles Were Not Observed in Non-Obese Women with Polycystic Ovary Syndrome.
Hum. Reprod. 2013, 28, 1354-1360. [CrossRef] [PubMed]

Himelein, M.J.; Thatcher, S.S. Depression and Body Image among Women with Polycystic Ovary Syndrome. J. Health Psychol.
2006, 11, 613-625. [CrossRef] [PubMed]

Szczuko, M.; Skowronek, M.; Zapatowska-Chwy¢, M.; Starczewski, A. Quantitative Assessment of Nutrition in Patients with
Polycystic Ovary Syndrome (PCOS). Rocz. Panstw. Zakl. Hig. 2016, 67, 419-426.

Riccardi, G.; Giosue, A.; Calabrese, I.; Vaccaro, O. Dietary Recommendations for Prevention of Atherosclerosis. Cardiovasc. Res.
2022, 118, 1188-1204. [CrossRef]

Bykowska-Derda, A.; Czlapka-Matyasik, M.; Kaluzna, M.; Ruchala, M.; Ziemnicka, K. Diet Quality Scores in Relation to Fatness
and Nutritional Knowledge in Women with Polycystic Ovary Syndrome: Case-Control Study. Public Health Nutr. 2020, 24,
3389-3398. [CrossRef]

Czlapka-Matyasik, M.; Lonnie, M.; Wadolowska, L.; Frelich, A. “Cutting Down on Sugar” by Non-Dieting Young Women: An
Impact on Diet Quality on Weekdays and the Weekend. Nutrients 2018, 10, 1463. [CrossRef]

Wanders, D.; Graff, E.C.; White, B.D.; Judd, R.L. Niacin Increases Adiponectin and Decreases Adipose Tissue Inflammation in
High Fat Diet-Fed Mice. PLoS ONE 2013, 8, €71285. [CrossRef]

Suzuki, H.; Kunisawa, J. Vitamin-Mediated Immune Regulation in the Development of Inflammatory Diseases. Endocr. Metab.
Immune Disord. Drug Targets 2015, 15, 212-215. [CrossRef]

Taghizadeh, S.; Izadi, A.; Shirazi, S.; Parizad, M.; Pourghassem Gargari, B. The Effect of Coenzyme Q10 Supplementation
on Inflammatory and Endothelial Dysfunction Markers in Overweight/Obese Polycystic Ovary Syndrome Patients. Gynecol.
Endocrinol. 2021, 37, 26-30. [CrossRef] [PubMed]

Samimi, M.; Zarezade Mehrizi, M.; Foroozanfard, F.; Akbari, H.; Jamilian, M.; Ahmadi, S.; Asemi, Z. The Effects of Coenzyme
Q10 Supplementation on Glucose Metabolism and Lipid Profiles in Women with Polycystic Ovary Syndrome: A Randomised,
Double-Blind, Placebo-Controlled Trial. Clin. Endocrinol. 2017, 86, 560-566. [CrossRef] [PubMed]

Karamali, M.; Gholizadeh, M. The Effects of Coenzyme Q10 Supplementation on Metabolic Profiles and Parameters of Mental
Health in Women with Polycystic Ovary Syndrome. Gynecol. Endocrinol. 2022, 38, 45-49. [CrossRef]

Teegarden, D.; Donkin, S.S. Vitamin D: Emerging New Roles in Insulin Sensitivity. Nutr. Res. Rev. 2009, 22, 82-92. [CrossRef]
[PubMed]

Heshmati, J.; Golab, F.; Morvaridzadeh, M.; Potter, E.; Akbari-Fakhrabadi, M.; Farsi, F.; Tanbakooei, S.; Shidfar, F. The Effects of
Curcumin Supplementation on Oxidative Stress, Sirtuin-1 and Peroxisome Proliferator Activated Receptor y Coactivator 1o« Gene
Expression in Polycystic Ovarian Syndrome (PCOS) Patients: A Randomised Placebo-Controlled Clinical Trial. Diabetes Metab.
Syndr. 2020, 14, 77-82. [CrossRef]

Heshmati, J.; Moini, A.; Sepidarkish, M.; Morvaridzadeh, M.; Salehi, M.; Palmowski, A.; Mojtahedi, M.E,; Shidfar, F. Effects of
Curcumin Supplementation on Blood Glucose, Insulin Resistance and Androgens in Patients with Polycystic Ovary Syndrome: A
Randomised Double-Blind Placebo-Controlled Clinical Trial. Phytomedicine 2021, 80, 153395. [CrossRef]

Tenorio-Jiménez, C.; Martinez-Ramirez, M.J.; Gil, A.; Gémez-Llorente, C. Effects of Probiotics on Metabolic Syndrome: A
Systematic Review of Randomized Clinical Trials. Nutrients 2020, 12, 124. [CrossRef]


http://doi.org/10.3389/fphys.2016.00124
http://doi.org/10.7748/ns.2017.e10595
http://doi.org/10.3390/jcm9093024
http://www.ncbi.nlm.nih.gov/pubmed/32962205
http://doi.org/10.1093/humrep/det057
http://www.ncbi.nlm.nih.gov/pubmed/23477907
http://doi.org/10.1177/1359105306065021
http://www.ncbi.nlm.nih.gov/pubmed/16769740
http://doi.org/10.1093/cvr/cvab173
http://doi.org/10.1017/S1368980020001755
http://doi.org/10.3390/nu10101463
http://doi.org/10.1371/journal.pone.0071285
http://doi.org/10.2174/1871530315666150316122128
http://doi.org/10.1080/09513590.2020.1779689
http://www.ncbi.nlm.nih.gov/pubmed/32544011
http://doi.org/10.1111/cen.13288
http://www.ncbi.nlm.nih.gov/pubmed/27911471
http://doi.org/10.1080/09513590.2021.1991910
http://doi.org/10.1017/S0954422409389301
http://www.ncbi.nlm.nih.gov/pubmed/19555519
http://doi.org/10.1016/j.dsx.2020.01.002
http://doi.org/10.1016/j.phymed.2020.153395
http://doi.org/10.3390/nu12010124

Life 2023, 13, 799 11 0f 13

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Dong, Y.; Xu, M.; Chen, L.; Bhochhibhoya, A. Probiotic Foods and Supplements Interventions for Metabolic Syndromes: A
Systematic Review and Meta-Analysis of Recent Clinical Trials. Ann. Nutr. Metab. 2019, 74, 224-241. [CrossRef]
Tenorio-Jiménez, C.; Martinez-Ramirez, M.].; Del Castillo-Codes, I.; Arraiza-Irigoyen, C.; Tercero-Lozano, M.; Camacho, J.;
Chueca, N.; Garcia, F; Olza, J.; Plaza-Diaz, |.; et al. Lactobacillus Reuteri V3401 Reduces Inflammatory Biomarkers and Modifies
the Gastrointestinal Microbiome in Adults with Metabolic Syndrome: The PROSIR Study. Nutrients 2019, 11, 1761. [CrossRef]
Pei, R.; Martin, D.A.; DiMarco, D.M.; Bolling, B.W. Evidence for the Effects of Yogurt on Gut Health and Obesity. Crit. Rev. Food
Sci. Nutr. 2017, 57, 1569-1583. [CrossRef] [PubMed]

Ejtahed, H.S.; Mohtadi-Nia, J.; Homayouni-Rad, A.; Niafar, M.; Asghari-Jafarabadi, M.; Mofid, V.; Akbarian-Moghari, A. Effect of
Probiotic Yogurt Containing Lactobacillus Acidophilus and Bifidobacterium Lactis on Lipid Profile in Individuals with Type 2
Diabetes Mellitus. J. Dairy Sci. 2011, 94, 3288-3294. [CrossRef] [PubMed]

Thakkar, PN.; Patel, A.; Modi, H.A.; Prajapati, ].B. Hypocholesterolemic Effect of Potential Probiotic Lactobacillus Fermentum
Strains Isolated from Traditional Fermented Foods in Wistar Rats. Probiotics Antimicrob. Proteins 2020, 12, 1002-1011. [CrossRef]
[PubMed]

Wu, T.-T,; Gao, Y.; Zheng, Y.-Y.; Ma, Y.-T.; Xie, X. Atherogenic Index of Plasma (AIP): A Novel Predictive Indicator for the Coronary
Artery Disease in Postmenopausal Women. Lipids Health Dis. 2018, 17, 197. [CrossRef]

Remely, M.; Tesar, L.; Hippe, B.; Gnauer, S.; Rust, P.; Haslberger, A.G. Gut Microbiota Composition Correlates with Changes in
Body Fat Content Due to Weight Loss. Benef. Microbes 2015, 6, 431-439. [CrossRef]

Sanz, Y.; Santacruz, A.; Gauffin, P. Gut Microbiota in Obesity and Metabolic Disorders. Proc. Nutr. Soc. 2010, 69, 434—441.
[CrossRef]

Flak, M.B.; Neves, ].F.,; Blumberg, R.S. Welcome to the Microgenderome. Science 2013, 339, 1044-1045. [CrossRef]

Guo, Y,; Qi, Y;; Yang, X.; Zhao, L.; Wen, S.; Liu, Y.; Tang, L. Association between Polycystic Ovary Syndrome and Gut Microbiota.
PLoS ONE 2016, 11, e0153196. [CrossRef]

Moore, G.E.; Lindenmayer, A.W.; McConchie, G.A.; Ryan, M.M.; Davidson, Z.E. Describing Nutrition in Spinal Muscular Atrophy:
A Systematic Review. Neuromuscul. Disord. 2016, 26, 395-404. [CrossRef]

Li, Y,; Qin, C.; Dong, L.; Zhang, X.; Wu, Z,; Liu, L.; Yang, J.; Liu, L. Whole Grain Benefit: Synergistic Effect of Oat Phenolic
Compounds and -Glucan on Hyperlipidemia via Gut Microbiota in High-Fat-Diet Mice. Food Funct. 2022, 13, 12686—-12696.
[CrossRef]

Katuzna, M.; Pawlaczyk, K.; Schwermer, K.; Hoppe, K.; Cztapka-Matyasik, M.; Ibrahim, A.; Sawicka-Gutaj, N.; Minczykowski, A.;
Ziemnicka, K.; Oko, A ; et al. Adropin and Irisin: New Biomarkers of Cardiac Status in Patients with End-Stage Renal Disease? A
Preliminary Study. Adv. Clin. Exp. Med. 2018, 28, 347-353. [CrossRef]

Ivey, K.L.; Hodgson, ].M.; Kerr, D.A.; Thompson, P.L.; Stojceski, B.; Prince, R.L. The Effect of Yoghurt and Its Probiotics on Blood
Pressure and Serum Lipid Profile; a Randomised Controlled Trial. Nutr. Metab. Cardiovasc. Dis. 2015, 25, 46-51. [CrossRef]
Frohlich, J.; Dobiasova, M. Fractional Esterification Rate of Cholesterol and Ratio of Triglycerides to HDL-Cholesterol Are
Powerful Predictors of Positive Findings on Coronary Angiography. Clin. Chem. 2003, 49, 1873-1880. [CrossRef] [PubMed]
Berneis, K.; Rizzo, M.; Hersberger, M.; Rini, G.B.; Di Fede, G.; Pepe, I; Spinas, G.A.; Carmina, E. Atherogenic Forms of
Dyslipidaemia in Women with Polycystic Ovary Syndrome. Int. J. Clin. Pract. 2009, 63, 56-62. [CrossRef] [PubMed]
Lewandowski, K.C.; Skowrorniska-Jozwiak, E.; Lukasiak, K.; Gatuszko, K.; Dukowicz, A.; Cedro, M.; Lewiniski, A. How Much
Insulin Resistance in Polycystic Ovary Syndrome? Comparison of HOMA-IR and Insulin Resistance (Belfiore) Index Models.
Arch. Med. Sci. 2019, 15, 613-618. [CrossRef]

Dobiasova, M. AIP—Atherogenic index of plasma as a significant predictor of cardiovascular risk: From research to practice.
Vnitr. Lek. 2006, 52, 64-71. [PubMed]

Kowalkowska, J.; Wadolowska, L.; Czarnocinska, J.; Czlapka-Matyasik, M.; Galinski, G.; Jezewska-Zychowicz, M.; Bronkowska,
M.; Dlugosz, A.; Loboda, D.; Wyka, J. Reproducibility of a Questionnaire for Dietary Habits, Lifestyle and Nutrition Knowledge
Assessment (KomPAN) in Polish Adolescents and Adults. Nutrients 2018, 10, 1845. [CrossRef] [PubMed]

Kowalkowska, J.; Wadolowska, L.; Czarnocinska, J.; Galinski, G.; Dlugosz, A.; Loboda, D.; Czlapka-Matyasik, M. Data-Driven
Dietary Patterns and Diet Quality Scores: Reproducibility and Consistency in Sex and Age Subgroups of Poles Aged 15-65 Years.
Nutrients 2020, 12, 3598. [CrossRef]

Sobas, K.; Wadolowska, L.; Slowinska, M.A.; Czlapka-Matyasik, M.; Wuenstel, J.; Niedzwiedzka, E. Like Mother, Like Daughter?
Dietary and Non-Dietary Bone Fracture Risk Factors in Mothers and Their Daughters. Iran. . Public Health 2015, 44, 939-952.
[CrossRef]

Wadolowska, L.; Ulewicz, N.; Sobas, K.; Wuenstel, ] W.; Slowinska, M.A.; Niedzwiedzka, E.; Czlapka-Matyasik, M. Dairy-Related
Dietary Patterns, Dietary Calcium, Body Weight and Composition: A Study of Obesity in Polish Mothers and Daughters, the
MODAF Project. Nutrients 2018, 10, 90. [CrossRef]

Cleghorn, C.L.; Harrison, R.A.; Ransley, ].K.; Wilkinson, S.; Thomas, J.; Cade, ].E. Can a Dietary Quality Score Derived from a
Short-Form FFQ Assess Dietary Quality in UK Adult Population Surveys? Public Health Nutr. 2016, 19, 2915-2923. [CrossRef]
World Health Organisation (WHO). WHO | Waist Circumference and Waist—Hip Ratio. Report of a WHO Expert Consultation; World
Health Organisation: Geneva, Switzerland, 2008; pp. 8-11.


http://doi.org/10.1159/000499028
http://doi.org/10.3390/nu11081761
http://doi.org/10.1080/10408398.2014.883356
http://www.ncbi.nlm.nih.gov/pubmed/25875150
http://doi.org/10.3168/jds.2010-4128
http://www.ncbi.nlm.nih.gov/pubmed/21700013
http://doi.org/10.1007/s12602-019-09622-w
http://www.ncbi.nlm.nih.gov/pubmed/31760594
http://doi.org/10.1186/s12944-018-0828-z
http://doi.org/10.3920/BM2014.0104
http://doi.org/10.1017/S0029665110001813
http://doi.org/10.1126/science.1236226
http://doi.org/10.1371/journal.pone.0153196
http://doi.org/10.1016/j.nmd.2016.05.005
http://doi.org/10.1039/D2FO01746F
http://doi.org/10.17219/acem/81538
http://doi.org/10.1016/j.numecd.2014.07.012
http://doi.org/10.1373/clinchem.2003.022558
http://www.ncbi.nlm.nih.gov/pubmed/14578319
http://doi.org/10.1111/j.1742-1241.2008.01897.x
http://www.ncbi.nlm.nih.gov/pubmed/19125993
http://doi.org/10.5114/aoms.2019.82672
http://www.ncbi.nlm.nih.gov/pubmed/16526201
http://doi.org/10.3390/nu10121845
http://www.ncbi.nlm.nih.gov/pubmed/30513711
http://doi.org/10.3390/nu12123598
http://doi.org/10.3181/00379727-141-36881
http://doi.org/10.3390/nu10010090
http://doi.org/10.1017/S1368980016001099

Life 2023, 13, 799 12 0f13

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Saadati, K.; Chaboksavar, E; Jahangasht Ghoozlu, K.; Shamsalinia, A.; Kordbageri, M.R.; Ghadimi, R.; Porasgari, Z.; Ghaffari,
F. Evaluation of Psychometric Properties of Dietary Habits, Lifestyle, Food Frequency Consumption, and Nutritional Beliefs
(KomPAN) Questionnaire in Iranian Adults. Front. Public Health 2022, 10, 1049909. [CrossRef] [PubMed]

Staudacher, H.M.; Scholz, M.; Lomer, M.C.; Ralph, ES,; Irving, PM.; Lindsay, J.O.; Fava, F.; Tuohy, K.; Whelan, K. Gut Microbiota
Associations with Diet in Irritable Bowel Syndrome and the Effect of Low FODMAP Diet and Probiotics. Clin. Nutr. 2021, 40,
1861-1870. [CrossRef] [PubMed]

Staudacher, H.M.; Lomer, M.C.E.; Farquharson, EM.; Louis, P.; Fava, F.; Franciosi, E.; Scholz, M.; Tuohy, K.M.; Lindsay, J.O.;
Irving, PM.; et al. A Diet Low in FODMAPs Reduces Symptoms in Patients With Irritable Bowel Syndrome and A Probiotic
Restores Bifidobacterium Species: A Randomized Controlled Trial. Gastroenterology 2017, 153, 936-947. [CrossRef] [PubMed]
Karakula-Juchnowicz, H.; Rog, J.; Juchnowicz, D.; Loniewski, I.; Skonieczna-Ydecka, K.; Krukow, P.; Futyma-Jedrzejewska,
M.; Kaczmarczyk, M. The Study Evaluating the Effect of Probiotic Supplementation on the Mental Status, Inflammation, and
Intestinal Barrier in Major Depressive Disorder Patients Using Gluten-Free or Gluten-Containing Diet (SANGUT Study): A
12-Week, Randomized, Double-Blind, and Placebo-Controlled Clinical Study Protocol. Nutr. J. 2019, 18, 50. [CrossRef]
Wasilewski, A.; Zielifiska, M.; Storr, M.; Fichna, ]J. Beneficial Effects of Probiotics, Prebiotics, Synbiotics, and Psychobiotics in
Inflammatory Bowel Disease. Inflamm. Bowel Dis. 2015, 21, 1674-1682. [CrossRef]

Report of Joint FAO/WHO Expert Consultation on evaluation of Health and Nutritional Properties of Probiotics in Food includig
Power Milk with Live Lactic Acid Bacteria. In Probiotics in Food Health and Nutritional Properties and Guidelines for Evaluation FAO
Food and Nutrition Paper; WHO/FAQO: Cordoba, Argentina, 2001.

Gibson, G.R.; Roberfroid, M.B. Dietary Modulation of the Human Colonic Microbiota: Introducing the Concept of Prebiotics. J.
Nutr. 1995, 125, 1401-1412. [CrossRef]

Li, Y,; Peng, Y;; Shen, Y.; Zhang, Y.; Liu, L.; Yang, X. Dietary Polyphenols: Regulate the Advanced Glycation End Products-RAGE
Axis and the Microbiota-Gut-Brain Axis to Prevent Neurodegenerative Diseases. Crit. Rev. Food Sci. Nutr. 2022, 63, 1-27.
[CrossRef]

Paoli, A.; Mancin, L.; Giacona, M.C.; Bianco, A.; Caprio, M. Effects of a Ketogenic Diet in Overweight Women with Polycystic
Ovary Syndrome. J. Transl. Med. 2020, 18, 104. [CrossRef]

Li, J.; Bai, W.-P; Jiang, B.; Bai, L.-R.; Gu, B.; Yan, S.-X; Li, E-Y.; Huang, B. Ketogenic Diet in Women with Polycystic Ovary
Syndrome and Liver Dysfunction Who Are Obese: A Randomised, Open-Label, Parallel-Group, Controlled Pilot Trial. ]. Obstet.
Gynaecol. Res. 2021, 47, 1145-1152. [CrossRef]

Cincione, R.I; Losavio, F; Ciolli, F; Valenzano, A.; Cibelli, G.; Messina, G.; Polito, R. Effects of Mixed of a Ketogenic Diet in
Overweight and Obese Women with Polycystic Ovary Syndrome. Int. |. Environ. Res. Public Health 2021, 18, 12490. [CrossRef]
[PubMed]

Graff, S.K.; Mario, EM.; Alves, B.C.; Spritzer, PM. Dietary Glycemic Index Is Associated with Less Favorable Anthropometric
and Metabolic Profiles in Polycystic Ovary Syndrome Women with Different Phenotypes. Fertil. Steril. 2013, 100, 1081-1088.
[CrossRef]

Kazemi, M.; Hadi, A.; Pierson, R.A.; Lujan, M.E.; Zello, G.A.; Chilibeck, P.D. Effects of Dietary Glycemic Index and Glycemic
Load on Cardiometabolic and Reproductive Profiles in Women with Polycystic Ovary Syndrome: A Systematic Review and
Meta-Analysis of Randomized Controlled Trials. Adv. Nutr. 2021, 12, 161-178. [CrossRef] [PubMed]

Panjeshahin, A.; Salehi-Abargouei, A.; Anari, A.G.; Mohammadi, M.; Hosseinzadeh, M. Association between Empirically Derived
Dietary Patterns and Polycystic Ovary Syndrome: A Case-Control Study. Nutrition 2020, 79-80, 110987. [CrossRef] [PubMed]
Shahdadian, F; Ghiasvand, R.; Abbasi, B.; Feizi, A.; Saneei, P.; Shahshahan, Z. Association between Major Dietary Patterns
and Polycystic Ovary Syndrome: Evidence from a Case-Control Study. Appl. Physiol. Nutr. Metab. 2019, 44, 52-58. [CrossRef]
[PubMed]

Czlapka-Matyasik, M.; Gramza-Michalowska, A. The Total Dietary Antioxidant Capacity, Its Seasonal Variability, and Dietary
Sources in Cardiovascular Patients. Antioxidants 2023, 12, 292. [CrossRef] [PubMed]

Cztapka-Matyasik, M.; Ast, K. Total Antioxidant Capacity and Its Dietary Sources and Seasonal Variability in Diets of Women
with Different Physical Activity Levels. Pol. |. Food Nutr. Sci. 2014, 64, 267-276. [CrossRef]

Samimi, M.; Dadkhah, A.; Haddad Kashani, H.; Tajabadi-Ebrahimi, M.; Seyed Hosseini, E.; Asemi, Z. The Effects of Synbiotic
Supplementation on Metabolic Status in Women With Polycystic Ovary Syndrome: A Randomised Double-Blind Clinical Trial.
Probiotics Antimicrob. Proteins 2019, 11, 1355-1361. [CrossRef]

Kim, S.H.; Cho, YK; Kim, Y.-J.; Jung, C.H.; Lee, W].; Park, J.-Y.; Huh, ].H.; Kang, ].G.; Lee, S.J.; Ihm, S.-H. Association of the
Atherogenic Index of Plasma with Cardiovascular Risk beyond the Traditional Risk Factors: A Nationwide Population-Based
Cohort Study. Cardiovasc. Diabetol. 2022, 21, 81. [CrossRef]

Brown, L.; Rosner, B.; Willett, W.W.; Sacks, EM. Cholesterol-Lowering Effects of Dietary Fiber: A Meta-Analysis. Am. J. Clin. Nutr.
1999, 69, 30-42. [CrossRef]

Ooi, L.G; Liong, M.T. Cholesterol-Lowering Effects of Probiotics and Prebiotics: A Review of in Vivo and in Vitro Findings. Int. ].
Mol. Sci. 2010, 11, 2499-2522. [CrossRef] [PubMed]

Janiszewska, J.; Ostrowska, J.; Szostak-Wegierek, D. Milk and Dairy Products and Their Impact on Carbohydrate Metabolism and
Fertility-A Potential Role in the Diet of Women with Polycystic Ovary Syndrome. Nutrients 2020, 12, 3491. [CrossRef] [PubMed]


http://doi.org/10.3389/fpubh.2022.1049909
http://www.ncbi.nlm.nih.gov/pubmed/36504955
http://doi.org/10.1016/j.clnu.2020.10.013
http://www.ncbi.nlm.nih.gov/pubmed/33183883
http://doi.org/10.1053/j.gastro.2017.06.010
http://www.ncbi.nlm.nih.gov/pubmed/28625832
http://doi.org/10.1186/S12937-019-0475-X
http://doi.org/10.1097/MIB.0000000000000364
http://doi.org/10.1093/jn/125.6.1401
http://doi.org/10.1080/10408398.2022.2076064
http://doi.org/10.1186/s12967-020-02277-0
http://doi.org/10.1111/jog.14650
http://doi.org/10.3390/ijerph182312490
http://www.ncbi.nlm.nih.gov/pubmed/34886216
http://doi.org/10.1016/j.fertnstert.2013.06.005
http://doi.org/10.1093/advances/nmaa092
http://www.ncbi.nlm.nih.gov/pubmed/32805007
http://doi.org/10.1016/j.nut.2020.110987
http://www.ncbi.nlm.nih.gov/pubmed/32947130
http://doi.org/10.1139/apnm-2018-0145
http://www.ncbi.nlm.nih.gov/pubmed/29969571
http://doi.org/10.3390/antiox12020292
http://www.ncbi.nlm.nih.gov/pubmed/36829851
http://doi.org/10.2478/pjfns-2013-0026
http://doi.org/10.1007/s12602-018-9405-z
http://doi.org/10.1186/s12933-022-01522-8
http://doi.org/10.1093/ajcn/69.1.30
http://doi.org/10.3390/ijms11062499
http://www.ncbi.nlm.nih.gov/pubmed/20640165
http://doi.org/10.3390/nu12113491
http://www.ncbi.nlm.nih.gov/pubmed/33202986

Life 2023, 13, 799 13 0f 13

65. Phy, ].L.; Pohlmeier, A.M.; Cooper, ].A.; Watkins, P.; Spallholz, J.; Harris, K.S.; Berenson, A.B.; Boylan, M. Low Starch/Low Dairy
Diet Results in Successful Treatment of Obesity and Co-Morbidities Linked to Polycystic Ovary Syndrome (PCOS) HHS Public
Access. . Obes. Weight. Loss Ther. 2015, 5, 259. [CrossRef]

66. Schmidt, K.A.; Cromer, G.; Burhans, M.S.; Kuzma, J.N.; Hagman, D.K.; Fernando, I.; Murray, M.; Utzschneider, K.M.; Holte, S.;
Kraft, J.; et al. Impact of Low-Fat and Full-Fat Dairy Foods on Fasting Lipid Profile and Blood Pressure: Exploratory Endpoints of
a Randomized Controlled Trial. Am. J. Clin. Nutr. 2021, 114, 882-892. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.4172/2165-7904.1000259
http://doi.org/10.1093/ajcn/nqab131
http://www.ncbi.nlm.nih.gov/pubmed/34258627

	Introduction 
	Materials and Methods 
	Study Participants 
	Atherogenic Markers 
	Food Frequency Intake and Diet Quality Indexes 
	Body Composition 
	Statistics 

	Results 
	Discussion 
	Conclusions 
	References

