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Abstract: The role of inappropriate lifestyle in the etiology of polycystic ovary syndrome (PCOS)
and its metabolic and reproductive complications has attracted much attention in recent years;
however, most studies involve adult patients. Thus, the study aimed to compare dietary patterns,
physical activity, metabolic, anthropometric and inflammatory markers of 14–18-year-old girls with
and without PCOS (n = 61 and n = 35, respectively) as well as to assess correlations between
concentrations of metabolic and inflammatory markers and macronutrient intake and to identify
the independent predictors of PCOS, related to diet and physical activity (PA). Compared to the
control group, PCOS girls consumed significantly more total fat (p = 0.0005), including both saturated
(SFA) (p = 0.03), monounsaturated (MUFA) (p = 0.0003) and polyunsaturated fatty acids (PUFA)
(p = 0.01). A significantly higher percentage of PCOS patients consumed high and medium glycemic
index (GI) foods (p = 0.03) and represented a low level of PA, both during school and in leisure
time (41.67 vs. 6.06%; p = 0.0001 and 32.79 vs. 5.71%; p = 0.003, respectively). The PCOS group
had also significantly higher waist circumference (WC), C-reactive protein (CRP) (p = 0.01), LDL
cholesterol (p = 0.01), fasting insulin (p = 0.002) and HOMA-IR (p = 0.006) levels. There was an inverse
correlation between fiber intake and fasting insulin, (p = 0.0002, r = −0.37), HOMA-IR (p = 0.0004,
r = −0.35), WC (p = 0.029; r = −0.222) and a positive relationship between high and medium GI diet
and insulin concentration (p = 0.003; r = 0.3). An increase of 10 g/day in total fat intake per day
increases the probability of PCOS by 1.4 times. If the SFA or MUFA intakes increase by 10 g, the
probability of PCOS increase 1.7-fold and 2.5-fold, respectively. The consumption of foods with a
medium GI raises the probability of PCOS by more than 3 times, after adjusting for age. The odds
ratio decreased for the moderate and high PA at school/work and in leisure time. Further research in
girls with PCOS is needed to test whether low GI and dietary fatty acid reduction combined with
increased PA is effective in the nonpharmacological treatment and prevention of PCOS complications.
ClinicalTrial.gov Identifier: NCT04738409.

Keywords: diet; nutrition; physical activity; polycystic ovary syndrome; healthy lifestyle

1. Introduction

Polycystic Ovary Syndrome (PCOS) is a common hormonal disorder affecting over
11% of teenage girls when using the Rotterdam diagnostic criteria [1–3]. A typical clinical

J. Clin. Med. 2021, 10, 3469. https://doi.org/10.3390/jcm10163469 https://www.mdpi.com/journal/jcm

https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0002-9533-2950
https://orcid.org/0000-0003-1385-5641
https://orcid.org/0000-0001-6691-3863
https://orcid.org/0000-0002-6093-3051
https://orcid.org/0000-0003-3384-8481
https://orcid.org/0000-0001-8194-7500
https://orcid.org/0000-0001-9905-0857
https://orcid.org/0000-0001-5091-3316
https://doi.org/10.3390/jcm10163469
https://doi.org/10.3390/jcm10163469
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/jcm10163469
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm10163469?type=check_update&version=2


J. Clin. Med. 2021, 10, 3469 2 of 17

feature of PCOS is hyperandrogenism, which is defined as the state of increased androgen
production. It is manifested, among others, by amenorrhea or disorders of the menstrual
cycle, moderate to severe acne and hirsutism [4,5]. PCOS is considered a female type of
metabolic syndrome since it is often associated with obesity, insulin resistance, abnormal
lipids profile and hypertension [2]. Components of metabolic syndrome and hormonal
disturbances are associated with the increased risk of cardiovascular disease, infertility,
endometrial cancer and may affect the composition of the oral and gut microbiome [3,6].
Due to chronic low-grade inflammation in the body, females with PCOS have increased
levels of proinflammatory mediators and oxidative stress markers in the body fluids [4,5,7].
The causes of PCOS are not clearly understood; however, numerous studies have shown
that environmental/lifestyle factors may modulate the secretion of hormones and affect
the metabolic profile of the patients with endocrinopathy [8–12].

Behavioral and lifestyle modifications, such as diet and exercise, are primary treat-
ments to promote fertility and reduce long-term health risks from gynecological diseases,
including PCOS [13,14]. The International Evidence-based Guideline for the Assessment
and Management of Polycystic Ovary Syndrome (PCOS) emphasizes the importance of
diet and PA in the prevention of metabolic and reproductive complications related to PCOS
and the role of weight control in overweight and obese PCOS patients. A 5% reduction in
body weight is associated with an improvement in both metabolic and reproductive health
markers, as well as with psychological benefits [15–17]. Patients with PCOS, with improper
diet and low levels of PA, are probably more prone to weight gain than the population
of healthy women [15,18,19]. As reminded by Eleftheriadou et al. and Teede et al., it is
not clear whether the prevalence of obesity in the population may affect the prevalence
of PCOS [19,20]. However, the longitudinal community based observational study shows
that weight, BMI and 10-year weight gain were higher in PCOS [19].

The results of our previous observational studies indicate that the risk of excess body
weight in teenage girls with PCOS is increased by both the occurrence of eating disorders
and an improper diet, in particular, too low content of plant protein and consumption
of carbohydrates with a high GI [21]. Moreover, our results revealed that carbohydrate
intake, including the content of dietary fiber and protein intake, mainly of plant origin,
are negatively correlated with markers of inflammation and oxidative stress, especially in
overweight and obese girls with PCOS [22].

In the recommendations for adolescent female patients with PCOS for weight reduc-
tion, at least 60 min three times per week of moderate to vigorous PA, including muscle
and bone-strengthening exercise, is recommended [15]. However, Stepto et al. highlights
that an essential and urgent direction for further research involving girls with PCOS is
to confirm the effect of a specific dimension (i.e., type and duration) of PA on improving
clinical characteristics in these young women [15,23]. Moreover, the specific composition
of the diet concerning the proportions of particular macronutrients that could be used
in preventive and therapeutic interventions in adolescent patients with PCOS remains
unclear, as the results of studies are often divergent [15,24]. In a pilot study by Stamets et al.
involving adult women with PCOS, a one-month hypocaloric diet with low-protein and
high-carbohydrate content resulted in a significant weight loss and significant improve-
ment of reproductive and metabolic abnormalities [17]. The low-fat DASH diet has been
proved to be effective in obese women with PCOS [25–27]. In contrast, the low glycemic
load and glycemic index (GI) of the diet had positive effects on the cardiometabolic and
reproductive profile of PCOS individuals [24]. In most studies, regardless of the propor-
tion of macronutrients, a reduction in body weight was achieved in adult females with
PCOS [28,29].

More research is needed in this area; mainly, most of the studies are conducted among
adult PCOS patients [19,20,29–32]. In contrast, those conducted among young women do
not give an unambiguous answer about the specific composition of the diet, which would
be of therapeutic importance [33].
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This study compares physical activity and the dietary pattern, including the quality
of consumed carbohydrates, proteins (plant and animal), fats and cholesterol in young
women with PCOS and healthy control girls. In addition, we aimed to check the correlations
between the concentration of metabolic and inflammatory markers and macronutrient
intakes. Moreover, we aimed to identify the independent predictors of PCOS, related to
diet and PA.

We assumed that the results of our study would help plan the course of future dietary
and PA interventions for girls with PCOS.

2. Materials and Methods
2.1. Study Design and Participants

This study, which was approved by the Bioethics Committee at the Poznań University
of Medical Sciences (resolution no. 553/18, annex no. 161/20), is an observational cross-
sectional, case-control study. This research activity was carried out as part of the project:
“Ovarian Hyperandrogenism in Normal and Excessive Body Weight Adolescent Girls
and Their Relation to Diet (HAstudy)”, registered at ClinicalTrails.gov (ClinicalTrials.gov
Identifier: NCT04738409). The study was conducted in accordance with the Declaration of
Helsinki. All patients and their parents signed a written consent for the girls’ participation
in the study.

The study included 96 Caucasian patients aged 14 to 18 years. The study group
(PCOS) consisted of 61 patients of the Gynecology and Perinatology Medical Clinic at the
Gynecology and Obstetrics Hospital of Poznan University of Medical Sciences, who were
diagnosed with PCOS according to the 2003 Rotterdam criteria, i.e., the presence of at
least two of the following factors: clinical or biochemical hyperandrogenism, polycystic
ovary image in an ultrasound examination, oligo-/amenorrhea [34]. The control group
(CONTROL), which included 35 girls of the same age, was recruited during preventive
examinations carried out in the Department of Developmental Gynecology and Sexology
of Poznan University of Medical Sciences. The girls from the control group did not show
any biochemical and clinical features of clinical hyperandrogenism (acne, hirsutism), the
ultrasound examination was normal, adequate to the age and phase of the cycle.

We excluded patients with systemic diseases, thyroid dysfunction, diabetes mellitus,
congenital adrenal hyperplasia, Cushing’s syndrome, hyperprolactinemia suggestive of pi-
tuitary adenoma, androgen-secreting tumors, taking medicines or hormonal contraceptives
in the latest three months, taking vitamins or supplements, smoking.

2.2. Nutritional Evaluation and Anthropometric Assessment

Anthropometric assessment of the patients was described in our previously published
papers [21,22]. Evaluation of eating habits was carried out by a registered dietitian (M.M.)
with the use of the three-day food records [35]. The participants recorded all food and
beverages they ate and drank during three consecutive days. To assess the size of the
portion consumed, girls used a photo album of the products and foods. Parents were asked
to help their daughters record the diet. Data were analyzed using the Aliant software
(Cambridge Diagnostics). The calculated daily food intake of each patient was compared
with the daily nutritional and energy requirements according to the Human Nutrition
Standards of the National Food and Nutrition Institute [36]. The procedure for nutritional
evaluation has previously been described in detail in [21].

2.3. Biochemical Parameters

Blood tests and a gynecological examination with ultrasound assessment were carried
out on the 3rd to 5th day of the cycle (apart from girls with secondary amenorrhea).

Blood levels of luteinizing hormone (LH), follicle stimulating hormone (FSH), sex
hormone-binding globulin (SHBG), 17-β-estradiol, total testosterone, DHEA-S, insulin,
glucose, triglycerides (TG), total cholesterol (TC), and (HDL-C), were measured in the
morning in the fasting state. The analyses were performed in the central laboratory of the
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Gynecology and Obstetrics Hospital of Poznan University of Medical Sciences. Hormone
levels and SHGB were determined by the electrochemiluminescence (ECLIA) immunoassay
method (Elecsys) (Roche Diagnostics GmbH, Mannheim, Germany). Plasma TC, HDL-C,
and TG levels were assessed by the enzymatic colorimetric method (Roche Diagnostics
GmbH, Mannheim, Germany). Low-density lipoprotein cholesterol (LDL-C) concentration
was calculated using Friedewald’s formula: LDL-C (mg/dL) = TC − (HDL-C + (TG/5).
Plasma glucose was determined with the use of the enzymatic method with hexokinase.

Homeostasis model assessment for insulin resistance (HOMA-IR) was calculated
using the following formula: HOMA-IR = fasting insulin (mU/mL) × fasting glucose
(mmol/L)/22.5 [6,37].

Serum concentrations of the selected inflammatory markers (IL-6, IL-1, TNF-α, and
CRP) were measured with the commercial enzyme-linked immunosorbent assay kits
purchased from Shanghai Sunred Biological Technology Co. (Shanghai, China) using
the TECAN-SUNRISE reader with the Magellan software in the Chair and Department of
Medical Chemistry and Laboratory Medicine of Poznan University of Medical Sciences [22].

2.4. Physical Activity Assessment

The Beliefs and Eating Habits Questionnaire (KomPAN), developed and validated
by the Commission of Behavioral Determinants of Nutrition from the Polish Academy of
Sciences (Warsaw, Poland) was used in the study to collect information on PA. The repro-
ducibility of the interviewer-administered questionnaire (KomPAN) in Polish adolescents
and adults was evaluated by Kowalkowska et al. [38].

The questionnaire contained two questions concerning activity: PA at work/school
and PA at leisure time.

Each of the questions concerning PA had three response categories: low, moderate,
high PA. The description of the scale was presented separately for the PA in leisure and
work/school time. For leisure time, ‘low’ means ‘sedentary lifestyle, watching TV, read-
ing the press and books, light housework, taking a walk for 1–2 h a week’; ‘moderate’
means’walks, cycling, gymnastics, gardening or other light PA performed for 2–3 h a week‘;
and ‘high’ means ‘cycling, running, working on a plot or garden and other sports activities
requiring physical effort, taking up more than 3 h a week’. ‘Low’ activity at work/school
time was described as ‘over 70% of the time in a sitting position’, ‘moderate’ as ‘approxi-
mately 50% the of the time in a sitting position and about 50% of the time moving’, and
‘high’ as ‘about 70% of the time in motion or doing physical work associated with much
effort’ [38].

2.5. Statistical Analysis

Statistical analysis was conducted using PQStat v.1.8.0 software. Depending on the
type of data, descriptive statistics were presented as mean and standard deviation (sd),
median and quartiles or numbers and percentages. The normal distribution of quantitative
data was verified using the Shapiro–Wilk test. When comparing two groups, the unpaired
t-test was used for normally distributed data, and for ordinal data or data that was not
normally distributed, the Mann–Whitney test was applied. For analyzing correlations,
the Pearson correlation coefficient was calculated for normally distributed variables and
the Spearman’s rank correlation coefficient for ordinal and not normally distributed data.
Univariate and multivariate logistic regression was used to determine the predictors of
developing PCOS. Univariate models were built for all variables that were significantly
different between the PCOS group and healthy controls. Subsequently, a multivariate
model was built comprising all variables that were not strongly interconnected between
one another to avoid multicollinearity. In this model age, BMI, CRP, LDL-C, total fat intake,
glycemic index, work/school physical activity and leisure time physical activity were
independent variables, and this model was used to calculate adjusted odds ratio (AOR) for
macronutrients intake. Moreover, two other multivariate logistic regression models were
created, with age and age and BMI as independent variables, respectively.
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A p-value of 0.05 was considered statistically significant during analysis.

3. Results

The characteristics of anthropometric, biochemical and metabolic parameters of the
girls participating in the study are presented in Table 1. Study groups: PCOS and control
groups did not differ significantly in age, height and body weight. Waist circumference
was significantly higher in girls with PCOS (65.5 vs. 76 cm) (Table 1).

Table 1. Anthropometric, metabolic, inflammatory markers and PA comparison between PCOS
group (PCOS) and control group (CONTROL).

Variables PCOS
n = 61

CONTROL
n = 35 p-Value

Age (years) 0.125
median (25–75%) 16 (15–17) 15 (15–17)

Body height (m) 0.876
mean(sd) 166.2(6.09) 166.4(6.17)

Body weight (kg) 0.159
median (25–75%) 62.3 (52.8–77.5) 56.9 (53.25–62.25)

BMI categories 0.001
Underweight 2 (3.28%) 0

Healthy weight 37 (60.66%) 34 (97.14%)
Overweight/Obesity 22 (36.07%) 1 (2.86%)

IL-1 (pg/mL) 0.116
median (25–75%) 24.7 (18.93–32.35) 22.75 (15.09–29.87)

IL-6 (ng/L) 0.189
median (25–75%) 28.15 (22.72–36.89) 24.33 (18.19–43.15)

TNF-α (ng/L) 0.313
median (25–75%) 74.54 (56.37–107.8) 85.16 (64.8–98.2)

CRP (mg/L) 0.010
median (25–75%) 0.71 (0.35–1.3) 0.41 (0.28–0.58)

TC (mg/dL) 0.096
median (25–75%) 158 (135.2–174.4) 145.3 (125.6–165.4)

LDL-C (mg/dL) 0.013
median (25–75%) 80.3 (64.3–98.2) 65.4 (57.6–81.15)

HDL-C (mg/dL) 55.42(10.4) 58.27(14.07) 0.300
mean(sd)

TG (mg/dl) 0.228
median (25–75%) 84.5 (66.7–117.4) 75.6 (58.05–106.45)

Fasting glucose (mmol/L) 0.942
median (25–75%) 88.1 (84.48–92.5) 90.4 (81.75–93.75)

Fasting insulin (mU/mL) 0.002
median (25–75%) 14.36 (9.35–19.11) 9.74 (7.73–13.06)

HOMA-IR 0.006
median (25–75%) 2.94 (1.87–4.36) 2.24 (1.64–2.8)

WC (cm) <0.001
median (25–75%) 76 (68–87) 65.5 (64.25–67)

Abbreviations: PCOS, polycystic ovary syndrome; IL-1-interleukin-1; IL-6-interleukin-6; TNF-α-Tumor Necrosis
Factor α; CRP-C-reactive protein; TC-total cholesterol; LDL-C—low-density lipoprotein cholesterol; HDL-C—
high-density lipoprotein cholesterol; TG-triglycerides; HOMA-IR-Homeostatic Model Assessment of Insulin
Resistance; WC—Waist Circumference. All the p-values marked in bold were statistically significant.

PCOS patients showed statistically significant differences compared to the control
group regarding serum concentration of metabolic parameters such as LDL-C (p = 0.01)
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and fasting insulin (p = 0.002). In the study group the insulin resistance index HOMA-IR
and the CRP concentration were significantly higher if compared to the controls (p = 0.006
and p = 0.01, respectively). The differences between the groups including other tested
metabolic and inflammatory parameters were not statistically significant (Table 1).

Regarding diet, the PCOS group differed significantly from the control group in fat
consumption (p < 0.001), including both saturated fatty acids-SFA (p = 0.03), monoun-
saturated fatty acids-MUFA (p < 0.001) and polyunsaturated fatty acids PUFA (p = 0.01).
Cholesterol consumption seemed to be also higher in the PCOS group, but it was not a
statistically significant difference (223.5 vs. 199.56 g) (p = 0.749). There were no significant
differences in energy intake, protein intake or carbohydrates intake between groups. On
the other hand, in the study group, a significantly greater percentage of patients consumed
products with a high and medium glycemic index (GI) (p = 0.03), and in the control group-
products with a low GI (p = 0.03), which are usually characteristic of food products with
higher fiber content and complex carbohydrates. The fiber content in the diet of PCOS
group was 3 g lower (15.3 g vs. 18.08 g), while the consumption of added sugars was
slightly higher in this group (31.7 g vs. 30.77 g) (Table 2).

Table 2. Diet composition and physical activity comparison between PCOS group (PCOS) and control
group (CONTROL).

Variables PCOS
n = 61

CONTROL
n = 35 p-Value

Total energy (kcal) 0.081

median (25–75%) 1663.5 (1444.7–1788.4) 1474.01
(1189.44–1746.39)

Total protein (g) 0.825
median (25–75%) 67.3 (53.6–84.3) 68.81 (61.47–78.69)

Total fat (g) <0.001
mean(sd) 62.93(24.68) 47.42(16.97)

Total carbohydrate (g) 0.709
median (25–75%) 213.6 (184.3–231) 199.91 (165.61–240.1)

Fiber (g) 0.069
median (25–75%) 15.3 (11.1–20.2) 18.08 (14.53–22.2)

Added sugars (g) 0.703
median (25–75%) 31.7 (21.6–42.5) 30.77 (19.79–41.55)

Animal protein (g) 0.223
median (25–75%) 37.8 (31.2–50) 44.39 (37.89–51.6)

Plant protein(g) 0.825
median (25–75%) 21.8 (17.2–25.1) 21.32 (18.94–26.02)

SFA og, (g) 0.034
mean(sd) 24.57(10.13) 20.26(8.15)

MUFA (g) <0.001
mean(sd) 22.2(9.73) 16.32(5.78)

PUFA (g) 0.014
median (25–75%) 7.5 (5.2–10.6) 5.52 (4.71–6.92)

Cholesterol (mg) 0.749
median (25–75%) 223.5 (167.7–301.2) 199.56 (155.52–345.05)

GI 0.030
low 14 (22.95%) 15 (42.86%)

medium 45 (73.77%) 20 (57.14%)
high 2 (3.28%) 0
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Table 2. Cont.

Variables PCOS
n = 61

CONTROL
n = 35 p-Value

Work/school PA <0.001
low 25 (41.67%) 2 (6.06%)

moderate 29 (48.33%) 20 (60.61%)
high 6 (10%) 11 (33.33%)

Leisure PA 0.003
low 20 (32.79%) 2 (5.71%)

moderate 27 (44.26%) 18 (51.43%)
high 14 (22.95%) 15 (42.86%)

Abbreviations: PCOS, polycystic ovary syndrome; SFA, saturated fatty acid; MUFA, monounsaturated fatty acids;
PUFA, polyunsaturated fatty acids; GI, glycemic index; PA, physical activity; All the p-values marked in bold
were statistically significant.

Significantly more patients from the PCOS group declared low PA than the control
group both during school/work (work/school PA) and leisure time (PA) (41.67 vs. 6.06%;
p < 0.001 and 32.79% vs. 5.71%; p = 0.003, respectively). There were more girls with high PA
in the group of healthy subjects, but the difference was not statistically significant (Table 2).

Moreover, a significant correlation was found between the intake of specific macronu-
trients and concentrations of metabolic parameters such as TG, HDL-C, fasting glucose
and insulin, and HOMA-IR index (Table 3). Plant protein intake negatively correlated with
fasting glucose (p = 0.05, r = −0.21) and insulin levels (p = 0.006, r = −0.28) and HOMA-IR
index (p = 0.004, r = −0.29). An inverse correlation was also observed between dietary
carbohydrate intake and TG concentration (p = 0.02, r = −0.24). Dietary fiber intake showed
an inverse correlation with fasting insulin concentration (p < 0.001, r = −0.37), HOMA-IR
(p < 0.001, r = −0.35) and waist circumference (p = 0.029; r = −0.222) (Table 3).

As presented in Table 4, total fat intake, and high leisure physical activity (PA) were
found to be associated with PCOS, independently of each other and age, BMI, CRP, LDL-C,
GI and work/school PA. The odds ratio of PCOS increases 1.4-fold (1.53-fold after adjusting
for age and BMI, and 1.18-fold after adjusting for age, BMI, CRP, LDL-C, GI, work/school
PA and leisure PA) when total fat intake increases by 10 g. Furthermore, an increase of
10 g/day of SFA increases the probability of PCOS by almost 1.7-fold (more than 2-fold
after adjusting for age and BMI, and more than 2.3-fold after adjusting for age, BMI, CRP,
LDL-C, GI, work/school PA, and leisure PA). The odds ratio increases 2.5-fold when MUFA
intake increases by 10 g/day (2.7-fold after adjusting for age and BMI, and 3.3-fold after
adjusting for age, BMI, CRP, LDL-C, GI, work/school PA, and leisure PA).

While low-GI does not significantly increase the probability of PCOS, the consumption
of medium-GI products increases the probability of PCOS by more than 3-fold when
adjusted for the girls’ age (Table 4).

Finally, moderate to high PA in both leisure time PA and work/school PA significantly
reduces the probability of PCOS (OR = 0.15, p = 0.02; OR = 0.09, p = 0.004, respectively,
and OR = 0.12, p = 0.006; OR = 0.04, p = 0.0005 respectively), independent of age and BMI.
Moreover, high leisure PA significantly reduces the probability of PCOS, independently of
age, BMI, CRP, LDL-C, total fat intake, GI, work/school PA (Table 4).
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Table 3. Spearman and Pearson’s correlations among energy, macronutrients intake and inflammatory and metabolic markers in adolescent girls.

Variables Total Protein
(g)

Total Fat
(g)

Total Carbohydrate
(g)

Fiber
(g)

Plant Protein
(g)

SFA
(g)

MUFA
(g)

PUFA
(g)

Cholesterol
(mg) GI

IL-1
p value 0.580 0.371 0.690 0.465 0.919 0.503 0.225 0.436 0.372 0.560

r −0.057 0.092 −0.041 −0.076 0.011 0.069 0.125 0.080 0.092 0.060
IL-6

p value 0.907 0.156 0.709 0.806 0.356 0.324 0.080 0.125 0.104 0.679
r 0.012 0.146 0.039 0.025 0.095 0.102 0.180 0.158 0.167 0.043

TNF-α
p value 0.788 0.915 0.532 0.934 0.984 0.814 0.857 0.698 0.545 0.927

r −0.028 0.011 −0.065 −0.009 −0.002 0.024 0.019 0.040 0.062 0.009
CRP

p value 0.238 0.978 0.424 0.140 0.454 0.825 0.622 0.996 0.542 0.079
r −0.121 −0.003 −0.082 −0.152 −0.077 −0.023 0.051 −0.001 0.063 0.180

TC
p value 0.680 0.811 0.310 0.308 0.404 0.665 0.793 0.845 0.544 0.055

r −0.043 0.025 −0.105 −0.105 −0.086 0.045 * 0.027 0.020 0.063 0.197
LDL-C
p value 0.816 0.352 0.826 0.309 0.833 0.847 0.322 0.277 0.535 0.054

r −0.024 0.096 −0.023 −0.105 −0.022 0.020 0.102 0.112 0.064 0.197
HDL-C
p value 0.772 0.919 0.775 0.972 0.892 0.563 0.737 0.627 0.510 0.410

r 0.030 0.011 −0.030 0.004 −0.014 0.060 * −0.035 −0.050 0.068 0.085
TG

p value 0.113 0.483 0.017 0.248 0.073 0.477 0.447 0.457 0.517 0.390
r −0.163 −0.072 −0.243 −0.119 −0.184 −0.073 −0.079 −0.077 −0.067 0.089

Fasting
glucose
p value

0.687 0.167 0.397 0.146 0.045 0.192 0.329 0.590 0.091 0.443

r 0.042 0.143 −0.088 −0.150 −0.207 0.135 0.101 0.056 0.174 0.080
Fasting insulin

p value 0.218 0.721 0.122 <0.001 0.006 0.866 0.654 0.959 0.864 0.003

r −0.127 0.037 −0.159 −0.366 −0.276 −0.017 0.046 0.005 −0.018 0.302
HOMA-IR

p value 0.368 0.994 0.074 <0.001 0.004 0.774 0.958 0.766 0.709 0.017
r −0.093 −0.001 −0.183 −0.353 −0.290 −0.030 −0.005 −0.031 0.039 0.243

WC
p value 0.686 0.236 0.616 0.029 0.224 0.964 0.101 0.182 0.535 0.334

r −0.042 0.122 −0.052 −0.222 −0.125 −0.005 0.169 0.137 −0.064 0.100

Abbreviations: SFA, saturated fatty acid; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; GI, glycemic index; IL-1—Interleukin-1; IL-6—Interleukin-6; TNF-α—Tumor Necrosis Factor;
CRP—C-reactive protein; TC—total cholesterol, LDL-C—low-density lipoprotein cholesterol, HDL-C—high-density lipoprotein cholesterol, TG—triglycerides, HOMA-IR—Homeostatic Model Assessment of
Insulin Resistance; WC—Waist Circumference. The r coefficients are either Spearman’s correlation coefficients (not marked) or Pearson’s correlation coefficients (r marked with an asterisk). All the p-value
marked in bold were statistically significant.
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Table 4. The odds ratio of macronutrients intake, GI and PA and the risk of PCOS.

Odds Ratio of PCOS

OR (95% CI) p-Value AOR
(95% CI)* p-Value * AOR

(95% CI) ** p-Value ** AOR
(95% CI) *** p-Value ***

Total protein
(per 1 g)

1.006
(0.987–1.025) 0.536 1.003

(0.983–1.023) 0.787 1.004
(0.983–1.025) 0.712 0.977 (0.934–1.022) 0.311

Total protein
(per 10 g)

1.061
(0.880–1.280) 0.536 1.028

(0.841–1.258) 0.787 1.040
(0.844–1.283) 0.712 0.792 (0.506–1.243) 0.311

Total fat
(per 1 g)

1.036
(1.012–1.060) 0.003 1.034

(1.010–1.059) 0.006 1.043
(1.014–1.074) 0.004 1.062 (1.020–1.106)

**** 0.004 ****

Total fat
(per 10 g)

1.421
(1.129–1.789) 0.003 1.398

(1.102–1.773) 0.006 1.530
(1.145–2.046) 0.004 1.183 (1.217–2.745)

**** 0.004 ****

Total
carbohydrates

(per 1 g)

1.002
(0.996–1.008) 0.565 1.000

(0.993–1.007) 0.989 1.000
(0.993–1.008) 0.902 0.995 (0.983–1.007) 0.400

Total
carbohydrates

(per 10 g)

1.019
(0.957–1.085) 0.565 1.000

(0.933–1.071) 0.989 1.005
(0.932–1.084) 0.902 0.950 (0.843–1.071) 0.400

Fiber
(per 1 g)

0.992
(0.951–1.035) 0.713 0.972

(0.928–1.019) 0.238 0.980
(0.933–1.030) 0.424 0.974 (0.891–1.066) 0.572

Fiber
(per 10 g)

0.923
(0.602–1.415) 0.713 0.755

(0.473–1.204) 0.238 0.818
(0.500–1.339) 0.424 0.772 (0.314–1.895) 0.572

Plant protein
(per 1 g)

1.008
(0.865–1.052) 0.727 0.994

(0.945–1.043) 0.801 1.005
(0.954–1.060) 0.841 0.973 (0.902–1.051) 0.489

Plant protein
(per 10 g)

1.080
(0.702–1.661) 0.727 0.940

(0.579–1.524) 0.801 1.055
(0.624–1.785) 0.841 0.764 (0.356–1.637) 0.489

SFA
(per 1 g)

1.052
(1.003–1.104) 0.039 1.053

(1.000–1.108) 0.049 1.075
(1.011–1.143) 0.022 1.088 (1.001–1.182)

***** 0.048 *****

SFA
(per 10 g)

1.666
(1.027–2.700) 0.039 1.672

(1.002–2.789) 0.049 2.053
(1.112–3.792) 0.022 2.319 (1.009–5.329)

***** 0.048 *****

MUFA
(per 1 g)

1.096
(1.031–1.165) 0.003 1.088

(1.023–1.158) 0.007 1.105
(1.026–1.192) 0.009 1.127 (1.012–1.254)

***** 0.029 *****

MUFA
(per 10 g)

2.506
(1.364–4.604) 0.003 2.331

(1.257–4.322) 0.007 2.725
(1.287–5.768) 0.009 3.296 (1.126–9.648)

***** 0.029 *****

PUFA
(per 1 g)

1.114
(0.996–1.246) 0.060 1.090

(0.968–1.228) 0.155 1.091
(0.968–1.230) 0.155 1.136 (0.976–1.321)

***** 0.099 *****
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Table 4. Cont.

Odds Ratio of PCOS

OR (95% CI) p-Value AOR
(95% CI)* p-Value * AOR

(95% CI) ** p-Value ** AOR
(95% CI) *** p-Value ***

PUFA
(per 10 g)

2.938
(0.957–9.019) 0.060 2.375

(0.722–7.813) 0.155 2.390
(0.719–7.944) 0.155 3.575

(0.788–16.223) ***** 0.099 *****

Cholesterol
(per 1 mg)

0.999
(0.997–1.002) 0.661 1.000

(0.997–1.002) 0.793 1.000
(0.997–1.003) 0.946 0.997 (0.991–1.003) 0.315

Cholesterol
(per 10 mg)

0.994
(0.970–1.020) 0.661 0.996

(0.970–1.023) 0.793 1.000
(0.972–1.027) 0.946 0.971 (0.916–1.029) 0.315

GI
(low) Reference Reference Reference Reference

GI
(moderate)

2.411
(0.981–5.923) 0.055 3.035

(1.132–8.138) 0.027 2.437
(0.867–6.850) 0.091 3.68 (0.919–14.754)

**** 0.066 ****

GI
(high) Not enough data Not enough data Not enough data Not enough data

Work/school PA
(low) Reference Reference Reference Reference

Work/school PA
(moderate)

0.116
(0.025–0.546) 0.006 0.127

(0.026–0.618) 0.011 0.174
(0.035–0.859) 0.032 0.655 (0.085–5.031)

**** 0.685 ****

Work/school PA
(high)

0.044
(0.008–0.251) 0.0005 0.051

(0.008–0.310) 0.001 0.062
(0.010–0.385) 0.003 0.611 (0.060–6.238)

**** 0.677 *****

Leisure PA
(low) Reference Reference Reference

Leisure PA
(moderate)

0.150
(0.031–0.722) 0.018 0.143

(0.027–0.748) 0.021 0.172
(0.032–0.916) 0.039 0.162 (0.017–1.563)

**** 0.116 ****

Leisure PA
(high)

0.093
(0.018–0.474) 0.004 0.058

(0.010–0.340) 0.002 0.080
(0.013–0.478) 0.006 0.030 (0.002–0.438)

**** 0.010 ****

Abbreviations: SFA, saturated fatty acid; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; GI, glycemic index; PA, physical activity; * The odds ratio adjusted for age; ** The odds ratio
adjusted for age and BMI; *** The odds ratio adjusted for age, BMI, CRP, LDL-C, total fat intake, glycemic index, work/school physical activity and leisure time physical activity; **** Variables included in the
model as independent variables; ***** Due to a very strong correlation between SFA, MUFA, PUFA and total fat intake, AOR for SFA, MUFA and PUFA were calculated in the model excluding total fat intake as
an independent variable. All the p-values marked in bold were statistically significant.
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4. Discussion

The girls with PCOS differed significantly from healthy age-mates in the intake of
specific macronutrients and PA in free time and at school/work. Taking into account the
diet, the girls from the PCOS group showed significantly higher consumption of total fats,
including both SFA, MUFA and PUFA fatty acids, as compared to the control group. In
multivariate analysis, total fat intake and high leisure PA were found to be associated with
PCOS, independently of each other and age, BMI, CRP, LDL-C, GI and work/school PA.
Our results also indicate that an increase in total fat intake, SFA and MUFA 10 g per day
increase the probability of PCOS by 1.4-fold, 1.7-fold (2.3 after adjusting for age, BMI, CRP,
LDL-C, GI, work/school PA, and leisure PA), and 2.5-fold (3.3-fold after adjusting for age,
BMI, CRP, LDL-C, GI, work/school PA, and leisure PA), respectively.

As shown by the results of other studies, a diet rich in fat, particularly saturated
fat, increases the risk of insulin resistance and intensifies the complications associated
with it [39–41]. Moreover, cholesterol in the diet of slim girls with PCOS shows a positive
correlation with the concentration of the inflammatory marker–CRP [22], whereas a diet
with a low-fat content, mainly SFA, has a favorable effect on the metabolic profile [25,31],
including the lipid profile [27]. At the same time, animal studies have shown that PUFA
fatty acids reduce the risk of insulin resistance [42–44]. Similar results were obtained in
adult patients with non-alcoholic fatty liver disease [45]. On the contrary, the study by
Kasim-Karakas et al., in which patients with PCOS were subjected to three-month dietary
intervention, proved that increasing the proportion of PUFA in the diet had a negative effect
on the concentration of fasting glucose and the concentration of glucose in the oral glucose
tolerance test (OGTT) [46]. An increase in fasting glucose in response to an increase in
PUFA consumption was also observed in a study by Madigan et al., conducted in patients
with type 2 diabetes [47]. It has been proven that a high-fat diet, regardless of the type of fat
(PUFA, MUFA or SFA), can also be a factor in the development of gestational diabetes [48].
It is worth noting that the common feature that plays a role in the pathomechanism of
gestational diabetes, type 2 diabetes and PCOS is the presence of insulin resistance with
accompanying insulin deficiency [21,48,49]. Interventional studies, based on patients with
type 2 diabetes, indicate that the effect of PUFA on glucose concentration may be more
beneficial than that of SFA, but replacing saturated and polyunsaturated fatty acids with
monounsaturated oleic acid, typical for the Mediterranean diet, which is abundant in olive
oil, has a much better effect [50]. In the study by Ryan et al., the change in the fatty acid
profile from polyunsaturated to monounsaturated decreased both fasting glucose and
insulin and, at the same time, insulin resistance in the subjects [50]. The Mediterranean
diet was found to be significantly associated with lower insulin concentrations, lower
HOMA-IR index values, and increased tissue insulin sensitivity [51], lower fasting glucose
and insulin levels in obese patients [52], as well as lower BMI and waist circumference [51].
However, when formulating conclusions from interventional studies in patients following
the Mediterranean diet, it should be remembered that apart from olive oil, other com-
ponents of the Mediterranean diet, such as fiber or a large load of antioxidants present
in vegetables and fruits or fiber, may also contribute to the improvement of metabolic
parameters and inflammatory markers [53,54].

In our study, both groups differed significantly in terms of the GI of the diet. In the
PCOS group, a significantly higher percentage of patients consumed products with a high
and medium GI (p = 0.03), and in the control group products with a low GI (p = 0.03).
Our study also showed that the consumption of foods with a medium GI increases the
probability of PCOS by more than 3-fold (after taking into account the age of the subjects).
It is worth mentioning that low GI is usually characterized by food products with higher
fiber content and complex carbohydrates [55]. We also noticed a not statistically significant
higher consumption of added sugars and lower dietary fiber content in the PCOS group.
The median consumption in this group was only 15 g/day. Nevertheless, the supply
of fiber in both groups was below the lower limit of the normal consumption, which is
20 g/day [56]. We also observed that fiber intake was negatively correlated with metabolic



J. Clin. Med. 2021, 10, 3469 12 of 17

markers, such as glucose, insulin and waist circumference. Moreover, as shown by our
study, girls with PCOS, despite their young age, differed significantly from the control
group in terms of metabolic indicators, such as waist circumference (p < 0.000001), serum
LDL-C (p = 0.01), fasting insulin (p = 0.002) and the HOMA-IR index (p = 0.006), which
assesses insulin resistance based on the relationship between insulin and blood glucose
levels. There was also a statistically significant difference in the CRP in the two groups
(p = 0.01).

Studies showed that insufficient fiber intake in PCOS is important for the incidence
of insulin resistance, cardiovascular disease and reproductive functions [57,58], and that
consumption of saturated fat and cholesterol adversely affects the metabolic profile typical
for PCOS [59]. Khayyatzadeh et al. found that a low-fiber diet increased inflammation
in the body and serum CRP levels [60]. On the other hand, higher fiber consumption is
associated with reduced inflammation in adult women [61], including lower serum CRP
levels in patients with PCOS [62]. Moreover, it has been proved that the consumption of
high GI products has been associated with an increase in inflammation in patients with
hyperandrogenism and insulin resistance [63]. The research conducted in the present
study indicates that high dietary GI is positively correlated with fasting insulin levels and
the HOMA-IR index. Our previous research also showed that the probability of excess
body weight was several times higher when consuming products with medium and high
GI. We also found that a low GI diet was four times less common in overweight and/or
obese PCOS girls than PCOS patients with normal body weight [21]. Other researchers
also reported the beneficial effects of a low GI diet and its positive impact on weight loss,
glucose concentration and hormonal profile in patients with PCOS [64–70].

The beneficial modulation of body weight in girls with PCOS may be due not only to
the quality of dietary carbohydrates, including the GI value but also plant protein content in
the diet. Previous studies have shown that an increase in plant protein intake by 10 g/day
reduced the likelihood of overweight and obesity in girls with PCOS and excess body
weight [21]. Moreover, plant protein intake was inversely correlated with IL-6, TNF-α
in girls with PCOS, and excess body weight. A negative correlation was also observed
between the total protein intake in PCOS patients and between overweight and obesity and
the concentration of IL-6, TNF-α [22]. Nevertheless, in the present study, girls with PCOS
did not differ in protein consumption, both plant and animal, compared to the control
group. However, we observed that plant protein intake was inversely correlated with
concentrations of metabolic markers: fasting glucose and insulin and HOMA-IR index.

Physical Activity

According to the latest recommendations, PA, reduction and maintenance of proper
body weight are essential elements of the therapy of metabolic changes associated with
PCOS [15,71]. In a pilot study, intensive PA affected metabolic hormonal health in women
with PCOS [72]. PA improves insulin sensitivity and the functioning of mitochondria [73].
In our study, both during work/school and in free time, significantly more patients from
the PCOS group declared low PA than girls from the control group (41.67 vs. 6.06%,
respectively; p = 0. 0001 and 32.79% vs. 5.71%; p = 0.003). Moreover, more girls with
high PA were observed in the control group. Similarly to the study of Eleftheriadou et al.,
healthy girls were more likely to engage in PA than their peers with PCOS. The frequency
and intensity of exercise in girls with PCOS were lower compared to healthy adolescent
girls. Furthermore, adolescents with PCOS were less likely to be aware of the positive
effects of exercise on their health [20]. The results of our study indicate that engaging
in moderate to vigorous PA during both leisure time (leisure PA) and school/work PA
significantly reduces the probability of PCOS (OR = 0.15, p = 0.02; OR = 0.09, p = 0.004,
respectively and OR = 0.12, p = 0.006; OR = 0.04, p = 0.0005). After adjusting for age and
BMI, this odds ratio decreases significantly, for both high and moderate PA. Moreover,
high PA in leisure time significantly reduces the probability of PCOS, independently of
age, BMI, CRP, LDL-C, total fat intake, GI and work/school PA.
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The study has some limitations which should be considered in the interpretation
of the results. Firstly, we used a questionnaire to characterize PA, so it was a subjective
assessment. Future studies would be necessary to check, using objective measurements,
such as an accelerometer, whether and what PA improves the metabolic and hormonal
profile. Specific patterns should be created regarding the level of PA, the length of a single
session and the frequency of exercises.

Secondly, the three-day food records method may be associated with incorrect portion
size estimation or other bias related to subjective consumption assessment [74,75]. We
partially addressed this problem by asking parents to help their daughters record the diet,
which reduced the risk of overestimating or underestimating the portion size.

Another limitation of our research is their observational, not interventional, nature, so
we cannot draw cause-and-effect conclusions regarding the potential impact of a diet high
in fat and high and medium GI products and low PA on PCOS development.

Finally, in this current study, we aimed to identify the independent predictors of
PCOS, related to diet and PA but hyperandrogenism may also predispose to differences in
the quality and the amount of nutrients intake, which has been studied in the research of
Kanaya et al. [76].

5. Conclusions

The research results indicate that in lifestyle of PCOS patients and the control group,
age-mates differ significantly. Girls with PCOS had a significantly higher intake of fat,
including SFA, MUFA, and PUFA, as compared to the control group. In addition, a
substantially higher percentage of patients with PCOS consumed products with a high and
medium GI and consumed lower amounts of fiber. Moreover, girls with PCOS showed
low PA both at school and in their free time. Our results also indicate that an increase
of 10 g/day in total fat intake increases the probability of PCOS by 1.4-fold, of SFA by
2-fold (2. 5-fold after adjusting for age and BMI) and an increase in MUFA intake by
10 g/day increases the probability of PCOS by 2.5-fold. The odds ratio increased more
than 3 times for the consumption of products with a medium GI, after adjusting for age. In
contrast, the probability of PCOS significantly decreases when both high and moderate PA
is undertaken.

At the same time, girls with PCOS had significantly higher values of WC, LDL-C,
fasting insulin, HOMA-IR index and the concentration of the inflammatory marker-CRP.

Our results may guide the therapeutic goals of gynecologists and other health profes-
sionals, who should encourage and help adolescent girls to change their lifestyle, including
diet and PA level.

Further research in adolescent girls with PCOS is warranted to test whether non-
pharmacological intervention with low GI and dietary fatty acids reduction in the daily
intake and simultaneously increased PA is effective in the treatment and prevention of
PCOS complications.
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22. Mizgier, M.; Jarząbek-Bielecka, G.; Wendland, N.; Jodłowska-Siewert, E.; Nowicki, M.; Brożek, A.; Kędzia, W.; Formanowicz, D.;
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