
1

Vol.:(0123456789)

Scientific Reports |         (2024) 14:3525  | https://doi.org/10.1038/s41598-024-54100-1

www.nature.com/scientificreports

Effects of AIDiet intervention 
to improve diet quality, 
immuno‑metabolic health 
in normal and overweight PCOS 
girls: a pilot study
Małgorzata Mizgier 1*, Barbara Więckowska 2, Dorota Formanowicz 3, 
Giovanni Lombardi 4,5, Alicja Brożek 3, Marcin Nowicki 3, Krzysztof Durkalec‑Michalski 1, 
Witold Kędzia 6 & Grażyna Jarząbek‑Bielecka 6

This study was conducted in two groups of girls with PCOS (polycystic ovary syndrome) categorized 
as slim (group N) and overweight‑to‑obese (group Ov/Ob). The study’s primary outcome was to assess 
the impact of a 12‑week anti‑inflammatory diet (AIDiet) intervention, without energy deficit, on daily 
diet quality improvement, evaluated according to the KIDMED index. The secondary outcome was 
improving inflammatory, redox, hormonal, and metabolic statuses. In the study, which was completed 
by 13 girls from the Ov/Ob group and 19 girls from the N group, a significant improvement in the 
mean KIDMED score was obtained. Moreover, the intervention significantly improves concentration 
of total antioxidant capacity (TAC), fasting insulin, and the homeostatic model assessment for insulin 
resistance (HOMA‑IR) index, in the Ov/Ob group, while both groups experienced a reduction in the 
concentration of interleukin (IL)‑1 and IL‑6, tumour necrosis factor (TNF‑α), and androstenedione. The 
AIDiet intervention effectively improved the quality of the subjects’ diets, which was associated with 
the improvement of hormonal and immuno‑metabolic markers. However, these changes in normal‑
weight patients were observed regardless of body weight reduction. ClinicalTrials.gov Identifier 
NCT04738409.
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Polycystic ovary syndrome (PCOS) is one of the most common hyperandrogenic syndromes. Hyperandrogenism 
in women is a state of increased production of androgens hesitating into menstrual disorders, anovulation, hir-
sutism, and more commonly seborrhoea and acne. In women with hyperandrogenism, metabolic dysfunctions, 
excessive body weight, increased adiposity, atherosclerosis, diabetes, and insulin resistance are significantly more 
common, and infertility is diagnosed more  often1–4

PCOS is also characterized by chronic, low-grade inflammation and a deregulated redox balance that leads to 
oxidative stress (OS)5–8. On the other hand, a low-grade inflammatory state may contribute to the development 
of metabolic complications observed in adult and adolescent PCOS  patients9–12.

Lifestyle interventions, e.g., diet and physical exercise, are recommended as both preventive treatment against 
complications and as a therapeutic strategy to treat PCOS in women in order to improve metabolic and hormo-
nal  profiles13. However, there is insufficient evidence to argue that any particular type of energy-balanced diet 
has a better effectiveness than other types of  diet13. It is proven that the therapeutic effectiveness of a dietary 
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intervention results needs at least 5–10% reduction in body  weight14,15. To achieve weight loss in overweight 
women, the recommendation is to implement an energy deficit with a 30% reduction in daily caloric intake, i.e., a 
500–750 kcal reduction (1200–1500 kcal/day)13. However, it should be emphasized that PCOS also occurs in slim 
girls, who, however, exhibit common features and metabolic dysfunctions typical of those who are overweight 
and obese. In these cases, the implementation of reduction diets is  unnecessary16. Therefore, effective therapeutic 
strategies should be defined. These interventions should not be necessarily related to energy restriction only; 
on the contrary, various dietary models, the composition and type of diet, and the phenotype of patients (slim/
obese), should be all taken into account. The final aim should not be only weight loss, where needed, but also 
the effective improvement of the manifestations typical of  PCOS17. This is the most important aspect given that 
we previously demonstrated that nutritional habits in PCOS girls differ unfavourably from those of their healthy 
peers, with a higher content of fats, cholesterol, and sugars and a lower content of  fibres12.

An internationally recognized model of diet associated with beneficial eating patterns is the Mediterranean 
Diet (MD). Adhering to the MD means eating foods rich in fibres and vegetal proteins, among other things. 
This diet regimen is rich in vegetables and fruits, nuts, wholegrain cereals, and fish and contains compounds 
with antioxidant and anti-inflammatory  properties18–23. It has been proven that regular consumption of MD 
is associated with beneficial changes in the concentration of inflammatory markers such as C-reactive protein 
(CRP), interleukin (IL)-6, and tumour necrosis factor (TNF)-α, and favourable changes in clinical and metabolic 
parameters, including weight, body mass index (BMI), waist circumference (WC), blood glucose, and  insulin24. 
So far, the extent to which a dietary intervention based on a diet with increased content of natural antioxidants 
and anti-inflammatory nutrients can improve the biochemical and clinical characteristics of adolescent girls with 
hyperandrogenism and PCOS, normal weight, overweight, and obese has not been assessed.

The results obtained in our previous studies were the premise for testing the MD diet’s effect on inflammation, 
oxidative stress (OS), and metabolic health in girls with PCOS. We observed that in adolescents with PCOS, 
grouped according to the body weight phenotype, there were inverse correlations between the concentration of 
inflammatory markers and redox balance and the supply of proteins, including plant proteins, carbohydrates, 
and fibres, and a positive correlation between the consumption of cholesterol and the inflammatory marker 
C-Reactive Protein (CRP)8. We also proved that increasing the supply of vegetable protein by 10 g per day sig-
nificantly reduced the probability (OR, odds ratio) of overweight and obesity in girls with PCOS. The opposite 
relationship was observed in the case of consuming products with a medium and high glycaemic index (GI), 
i.e., products usually characterized by a lower fibre  content4. These findings needed to be confirmed by further 
randomized trials to identify and implement a model of nutrition in girls with PCOS. Based on this background, 
this study aimed at verifying the effectiveness of a 12-week AIDiet intervention, based on the principles of MD, 
but without the implementation of energy restrictions, in girls with PCOS with normal (group N) and excessive 
body weight (group Ov/Ob).

This pilot study is based on the hypothesis that the implementation of a 12-week AIDiet dietary intervention 
will improve the perception of the diet quality in girls with PCOS. In addition, the effects on metabolic-inflam-
matory parameters will be investigated and, namely, on glycemia, insulinemia, blood levels of inflammatory 
markers (CRP, TNF-α, IL-1, IL-6), oxidoreductive (malondialdehyde-MDA, TAC) and hormonal (androsten-
edione, dehydroepiandrosterone sulphate-DHEA-S), both in overweight and obese girls with PCOS and those 
with normal weight.

To the best of our knowledge, this is the first study that proposes a dietary intervention using an anti-inflam-
matory diet based on MD principles in girls with PCOS, not only overweight and obese but also slim adolescent 
females. The results obtained will allow us to assess whether and to what extent this intervention has potential as 
a non-pharmacological therapy in adolescent women with PCOS, regardless of implementing an energy deficit.

Materials and methods
Study design and participants
This trial continues the HAStudy project conducted in 2018–2020, retrospectively registered 04/02/2021, Clini-
calTrials.gov Identifier: NCT04738409. The study involved patients of the Department of Gynaecology and 
Perinatology, Gynaecology and Obstetrics Hospital of the Poznan University of Medical Sciences, Poland. Par-
ticipation in the research was voluntary. The participants were not paid for their participation, but the partici-
pants who finished the study and their parents were provided with the test results. The enrolled girls were all 
Caucasian, and Polish-speaking. Age, body mass, height, and BMI were (1) in the Ov/Ob group: 15.08 ± 1.55 yrs, 
83.82 ± 11.59 kg, 1.66 ± 0.06 m, and 30.13 ± 4.11 m/kg2; and (2) in the N group: 16.37 ± 0,96 yrs, 58.11 ± 6.83 kg, 
1.66 ± 0.07 m, and 20.86 ± 2.24 m/kg2, respectively. They were diagnosed with PCOS according to the ESHRE/ 
ASRM Rotterdam 2003 PCOS  criteria1. All the female patients with PCOS who participated in the study had 
irregular menses and the classic subtype with oligomenorrhea and hyperandrogenism. The characteristics of 
the subjects and the requirements for exclusion and inclusion in the study were described in detail  previously8.

59 patients with PCOS were qualified for the study, including 37 slim girls, and 22 being overweight and 
obese. Diagnosis and classification of overweight and obesity were based on BMI, according to the World Health 
Organisation (WHO) for children aged 5–19  years25. From each weight category, 20 subjects were selected and 
they were assigned to one of the two groups: Ov/Ob (overweight and obese group, n = 20) and N (non-overweight 
and non-obese group, n = 20). Both groups underwent a 12-week dietary intervention.

Study participants were not blinded, as both groups received the same dietary intervention. Only responsible 
for biochemical analyses laboratory personnel were blinded.
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Description of the intervention
As part of the dietary intervention, the study participants were asked to visit the study site, i.e., at the beginning 
of the study (T1) and after 12 interventions (T2). The course of the study is presented in Fig. 1.

After initial medical, biochemical, anthropometric examinations, and evaluation of the diet (T1), patients 
were assigned to the following groups: Ov/Ob and N. Then, both groups underwent the same 12-week AIDiet 
intervention without imposing energy restrictions. Before implementing the diet, all young women underwent 
an education process: during a visit to a gynaecologist who works in gynaecology of developmental age and a 
certified dietician.

During an individual visit to a gynaecologist (G.J-B), girls were made aware of the risks associated with 
PCOS and possible therapeutic effects due to lifestyle changes. One hour-and-a-half-long workshops held by a 
dietitian (M.M.) were conducted individually with the participation of girls and their parents, the aim being to 
provide knowledge about the relationship between the use of an anti-inflammatory diet and health consequences 
(clinical, metabolic, hormonal, and immunological). Patients received valuable educational materials describing 
ingredients with anti-inflammatory properties and high antioxidant potential and the possibilities of their use in 
the daily menu. To unify the rules of intervention (to facilitate intervention compliance) in both study groups, 
general recommendations regarding the composition of the diet were prepared, taking into account aspects like 
higher content of (1) vegetable protein from, among others, nuts, grains, seeds, legumes and (2) fibres from plants 
legumes, cruciferous vegetables, colourful vegetables, fruits, and wholegrain cereals. In addition, based on the 
principles of the diet, a set of easy-to-follow recipes was prepared for them. These materials were designed based 
on previous  publications22,26–30. Throughout the intervention period, at 1–2-week intervals, the dietitian contacted 
the study participants individually and/or their parents by e-mail and/or telephone to remind them of the rules of 
the intervention and to provide more detailed and "tailor-made" information recommendations (tailored-made 
personalized dietary intervention) on improving eating habits according to the principles of AIDiet.

General recommendations about diet composition and AIDiet principles were: vegetables: ≥ 2 portions/day, 
including ≥ 1 portion raw or in the form of a salad (1 portion: 200 g); fruit, including natural fruit juices: ≥ 3 
units per day; legumes: ≥ 3 servings per week (1 serving: 150 g); fish/shellfish: ≥ 3 servings per week (1 serving: 
100–150 g fish or 200 g shellfish); nuts, including peanuts: ≥ 1 serving per day (1 serving: 30 g), ≥ 3 units, bread 
and cereals: 1–2 servings with each meal (1 serving: 25 g bread, 50 g-60 g cooked pasta), eggs: 2–4 servings per 
week (1 serving: 1 egg), poultry: 2 servings per week (1 serving: 60 g meat), dairy products: 2 servings per day (1 
serving: 1 glass of milk or yogurt), red meat: < 2 servings per week (1 serving: 60 g of meat), sweets < 2 servings 
per week and olive oil: ≥ 4 tablespoons/day (1 tablespoon: 10 g). Instead of wine (typical for MDs), beverages 
rich in anti-inflammatory polyphenols were recommended, such as green tea, ≥ 1 cup per  day22, whose benefits 
were already proven in  PCOS31. Participants were also trained to consume spices and herbs with high antioxidant 
and anti-inflammatory potential. Anti-inflammatory spices such as cinnamon, ginger, turmeric, black cumin, 
and anti-inflammatory herbs: chives, garlic, onion, cloves, rosemary, black pepper, chilies, oregano, thyme, 
lemongrass were recommended based on Ramirez et al.29.

Adherence to dietary recommendations and intervention rules was checked twice, i.e., before the start (T1) 
and after 12 weeks of its study (T2) using the KIDMED  Questionnaire27,32. In addition, patients were asked to 
write a 3-day food diary before and after the intervention to assess their diet regarding energy and macronutri-
ent  content33.

Figure 1.  Flow chart of the study design. N group—a group of slim PCOS girls being on the anti-inflammatory 
diet (AIDiet). Ov/Ob group—a group of PCOS overweight/obese girls being on the anti-inflammatory diet 
(AIDiet).
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Medical, biochemical, and anthropometric assessment
Before the study, during a medical consultation, a gynaecologist, specialised in diseases of the developmen-
tal age, assessed all symptoms of hormonal disorders based on anamnesis, physical examination, blood tests, 
and transabdominal ultrasound (Fig. 1). Anthropometric measurements were performed, including height and 
weight, and the body mass index (BMI) was calculated. Overweight and obesity were diagnosed and classified 
based on BMI. Anthropometrical and medical assessment procedures are detailed  in8.

Blood collection (2 × 7.5 ml) in an appropriate tube was performed after overnight fasting during the early 
follicular phase (days 3–5) (T1) (Fig. 1). After collection, tubes were spined at 4000 G using a standard room-
temperature centrifuge for 10 min. Serum was recovered with a transfer pipette, and placed 0.5 ml of serum into 
each cryovial tube. Each aliquot was clearly labelled with the appropriate study code and date of collection. The 
samples were analysed right after preparation. Biochemical parameters, including glucose, insulin, and dehydroe-
piandrosterone sulphate DHEA-S, were analysed by electrochemiluminescent immunoassay (ECLIA) (Elecsys, 
Roche Diagnostics GmbH, Mannheim, Germany) at the central laboratory of the Department of Gynaecology 
and Obstetrics, Poznań University of Medical Sciences. Based on fasting insulin and glucose concentrations, the 
homeostasis model assessment: insulin resistance and beta-cell function (HOMA-IR index) score was  calculated8. 
TNF-α, CRP, IL-1, IL-6, TAC, MDA, and androstenedione concentrations were assayed at the Department of 
Medical Chemistry and Laboratory Medicine (Poznań University of Medical Sciences). All analytes were assayed 
in duplicate using commercial ELISA kits. The following assays: IL-1, IL-6, TNF-α, MDA were performed using 
the commercial ELISA test from SunRed, China. CRP was performed using a commercial ELISA test from DRG, 
Germany. TAC was performed using a colorimetric (photometric) microplate assay from Omnidiagnostica 
Forschungs GmbH, Austria, and the results are expressed as mmol/L Trolox equivalent. All the tests were read 
on a microplate reader TECAN (Switzerland) with software Magellan (Switzerland).

Dietary assessments
The KIDMED Questionnaire was used to assess the quality of the diet. In addition, the supply of energy and 
macronutrients was also assessed using the 3-day food record method.

KIDMED questionnaire
The KIDMED questionnaire (App. A), assessing diet quality in relation to MD dietary patterns, has been vali-
dated in studies in many countries as an option for a rapid dietary screening tool in a clinical  setting26,31. Prior 
to this study, the questionnaire was translated into Polish. The initial translation from the original language 
(English) into the target language (Polish) was done by two independent  translators34,35. Then two independent 
translators performed back  translation34,36 to reveal possible translation discrepancies, which were eliminated 
after consultation with the team.

The KIDMED questionnaire is used to assess the quality of the diet and adherence to the principles of MD 
(adherence to the Mediterranean Diet). Diet quality is evaluated according to the KIDMED scale (KIDMED 
index).

The KIDMED index ranges from 0 to 12 points and was prepared based on 16 questions of the KIDMED 
questionnaire (App. A). Questions with negative connotations concerning MD are assigned a value of − 1, and 
those with a positive aspect +  127.

According to the KIDMED Index:

a score of ≥ 8 points is are rated as "high”, indicating optimal diet quality.
a score of 4–7 points is rated as "medium”, which means the quality of the diet needs improvement.
a score of ≤ 3 points is rated as "poor”, meaning a very low-quality diet.

3‑day food diary (three‑day food record)
The assessment of the supply of macronutrients and the energy value of the diet was carried out using the method 
of current recording using a 3-day food diary. This method consists in recording all foodstuffs, meals and bever-
ages consumed, giving home measurements and weights (using the "Album of photos of products and dishes"37. 
The girls were instructed to keep records twice, i.e., at the beginning and end of the research, a detailed three-day 
food record for two consecutive weekdays and one weekend day. The collected data was analysed by a dietitian 
using the Aliant Cambridge Diagnostics program. In each case, the daily food intake was compared with the 
current daily nutritional and energy  needs38.

Ethics and dissemination
This study was conducted in accordance with the Declaration of Helsinki and was approved by the Bioethics 
Committee of the Poznan University of Medical Sciences (consent no. 553/18, ad. 161/20, ad. 416/22). All study 
participants and their parents were informed about the purpose and method of conducting the study and signed 
informed consent to participate.

Sample size calculation
The sample size calculation showed that the necessary size in the study is nine people, assuming equal groups. 
This estimate was based on the following assumptions: error 5%, power 90%, the mean difference of 3.00 units 
(points) in the KIDMED score after the nutritional intervention, using similar criteria as used in previous stud-
ies,  estimate39. The proposed size was increased to 20 patients in each group, assuming a drop-out rate of 55%.
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Statistical analysis
The analysis was based on a list of two dependent groups (change over time) separately for overweight and obese 
women (Ov/Ob.) and separately for non-overweight women and groups (N). When not applied to the application, 
quantitative data numbers use the normal distribution of the paired t-test and the Wilcoxon matched pairs test. 
The normality of data distribution was assessed with the Kolmogorov–Smirnov test. Percentage and numerical 
changes in MD compliance were tested using the Bowker test. A significance level of 0.05 was adopted. Register 
calculations in the PQStat v1.8.4 program.

Scheme of the study
The scheme of the study is shown in Fig. 1. Forty girls were subjected to the intervention and were assigned 
to two groups Ov/Ob (n = 20) or N (n = 20). 32 completed the study, including 19 girls from group N (mean 
age [years] 15 ± 2) and 13 girls from the Ov/Ob group (average age [years] 16 ± 1). We have excluded from the 
analysis one girl from the N group because of underweight. Three girls from the Ov /Ob group did not report 
for testing after three months without giving a reason. Two young women resigned due to family reasons, and 
the other two girls because of medical problems.

Patient and public involvement
Patients and/or public were not involved in the design, conduct, reporting or dissemination plans of this research.

Ethics approval
Examinations were conducted according to the Declaration of Helsinki and accepted by the Bioethics Committee 
at Medical University in Poznan. They were registered under the number: 553/18 of 14.06.2018 with appendix 
number 1 of 13.02.2020.

Results
Dietary assessment
The assessment of diet quality according to the KIDMED index (before and after the intervention) for N and Ov/
Ob groups is presented in Table 1. A statistically significant increase in the KIDMED score was observed in both 
groups. The median baseline score was 2 in both study groups, while at the end of the intervention, the median 
scores were 11 in the N group and 9 in the Ov/Ob group. The means and standard deviations (SD) of the scores 
at the beginning of the study in the N group were 2.11 ± 2.47 and in the Ov/Ob group 1.62 ± 2.69. However, after 
the intervention, the KIDMED scores in both study groups improved significantly (p < 0.0001) and amounted 
to 9.95 ± 1.58 vs. 9.92 ± 1.85. An increase in the score after the intervention concerning the period before the 
intervention was observed in both study groups proves a significant improvement in the quality of the diet and, 
at the same time, the effectiveness of the intervention (Table 1).

Table 2 presents the percentage and/or size changes in girls from both study groups to improve diet quality. 
Comparing the p-value for the Bowker test of internal symmetry, it was found that the most significant increase 
in the percentage of subjects in the N and Ov/Ob groups, respectively, was observed in the change from "poor" 
to "high" (63.2% vs. 61.5%). Slightly less, but also significantly, the percentage of respondents from the "medium" 
to "high" range increased (31.6% vs. 30.8%), which means that the intervention turned out to be effective, all the 
more so considering that only a few percent of patients in the N and Ov/Ob group, respectively, improved their 
knowledge only to the assessment of "medium" (5.3% vs. 7.7) (Table 2).

Based on the analysis of the patient’s diet, it was assessed that the energy value of the diet and the supply of car-
bohydrates and sugars, animal protein, cholesterol, and total fats, saturated (SFA) and monounsaturated (MUFA) 
slightly (but not statistically significant) decreased and vegetable protein, polyunsaturated fats (PUFA) and fibre 
increased in both groups. However, only in the Ov/Ob group, the increase in fibre supply was significant (Table 3).

Evaluation of biochemical and anthropometric parameters
The results of our research, presented in Table 4, indicate that as a result of the AIDiet intervention in the N 
group, a substantial and beneficial decrease in the concentration of inflammatory markers was obtained despite 
the lack of a significant change in body weight and BMI: IL-1 (p = 0.0001), IL-6 (p = 0.0000), TNF-α (p = 0.0001) 
and androstenedione levels (p = 0.001). However, in the Ov/Ob group, apart from a significant decrease in the 
concentrations of IL-1 (0.007), IL-6 (p = 0.008), TNF-α (p = 0.01) and androstenedione (0.0003), we also obtained 
a significant increase in DHEA-S (0.0172), TAC (p = 0.004) and an apparent decrease in fasting insulin (p = 0.01) 

Table 1.  Quality of diet assessment in KIDMED index score in the groups N and Ov/Ob, before and after 
intervention. Data described based on mean and standard deviation, p-value based on paired t-test. Pre-before 
the intervention; Post-after the intervention.

Measures (Pre) MD KIDMED score (Post) MD KIDMED score p-value

N (n = 19)

Mean ± SD 2.11 ± 2.47 9.95 ± 1.58  < 0.0001

Ov/Ob (n = 13)

Mean ± SD 1.62 ± 2.69 9.92 ± 1.85  < 0.0001
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Table 2.  Percentage and number of changes in compliance with the MD in the N and Ov/Ob groups. p-value 
based on Bowker test; MD—Mediterranean Diet. Pre-before the intervention; Post-after the intervention.

N (n = 19) (Post) Adherence to the MD

(Pre) Adherence to the MD Poor Medium High

Poor 0 (0%) 1 (5.26%) 12 (63.16%)

Medium 0 (0%) 0 (0%) 6 (31.58%)

High 0 (0%) 0 (0%) 0 (0%)

p-value 0.0026

Ov/Ob (n = 13) (Post) Adherence to the MD

(Pre) Adherence to the MD Poor Medium High

Poor 0 (0%) 1 (7.69%) 8 (61.54%)

Medium 0 (0%) 0 (0%) 4 (30.77%)

High 0 (0%) 0 (0%) 0 (0%)

p-value 0.0389

Table 3.  Changes in energy and macronutrients intake in the N and Ov/Ob groups. Data described based on 
Mean ± SD , p-value based on paired t-test; SFA-saturated fatty acids; MUFA-monosaturated fatty acids; PUFA-
polyunsaturated fatty acids. Pre-before the intervention; Post-after the intervention.

Variables

N (n = 19) Ob/Ov (n = 13)

Pre Post p-value Pre Post p-value

Energy (kcal) 1732.24 ± 716.27 1646.29 ± 427.91 0.6627 1613.16 ± 395.22 1487.77 ± 455.9 0.1190

Protein (g) 74.88 ± 35.79 68.61 ± 20.25 0.5297 69.59 ± 19.7 65.84 ± 20.08 0.5046

Fat (g) 65.39 ± 28.29 63.31 ± 23.84 0.7745 60.47 ± 23.17 56.92 ± 22.02 0.3656

Carbohydrates (g) 219.29 ± 104.71 211.05 ± 62.05 0.7720 205.26 ± 47.26 188.88 ± 56.61 0.1598

Fiber (g) 16.92 ± 12.91 21.12 ± 8.62 0.2355 15.99 ± 7.33 21.11 ± 10.45 0.0300

Plant protein (g) 21.58 ± 10.98 24.51 ± 8.35 0.3175 19.42 ± 6.62 22.06 ± 9.05 0.0632

Animal protein (g) 45.93 ± 20.17 39.57 ± 17.2 0.2809 42.1 ± 13.32 39.66 ± 15.8 0.6195

Sugar (g) 42.29 ± 33.97 39.18 ± 19.15 0.7389 48.5 ± 29.6 34.57 ± 20.12 0.0840

SFA (g) 25.67 ± 10.93 25.08 ± 11.52 0.8241 22.26 ± 9.86 21.74 ± 10.25 0.8135

MUFA (g) 23.66 ± 11.44 22.52 ± 10.09 0.7091 21.89 ± 9.3 20.95 ± 7.73 0.5198

PUFA (g) 8.64 ± 4.56 9.45 ± 4.16 0.5873 8.28 ± 3.36 8.36 ± 2.47 0.9117

Cholesterol (mg) 281.13 ± 192.82 244.64 ± 104.57 0.3805 233.05 ± 96.1 229.9 ± 91.28 0.9291

Table 4.  Changes in anthropometric, hormonal and immuno-metabolic markers in the in the N and Ov/Ob 
groups. Data described based on Mean ± SD or Median [Q1; Q3], p-value based on paired t-test or Wilcoxon 
test; DHEA-S-dehydropiandrostenedione; IL-1-interleukin 1, IL-6-interleukin 2, TNF-α—Tumor Necrosis 
Factor; CRP-C-reactive protein; TAC-total antioxidant capacity; MDA- malondialdehyde; BMI-body mass 
index; HOMA-IR—homeostatic model assessment of insulin resistance. Pre-before the intervention; Post-after 
the intervention.

Variables

N (n = 19) Ob/Ov (n = 16)

Pre Post p-value Pre Post p-value

Androstenedione (ng/ml) 4.13 ± 2.89 2.02 ± 0.79 0.0011 6.64 ± 3.49 2.12 ± 0.67 0.0003

DHEA-S 6.88 ± 2.91 9.54 ± 5.51 0.0504 8.31 ± 3.17 13.25 ± 6.75 0.0172

IL-1 (pg/ml) 25.69 ± 9.36 13.49 ± 9.94 0.0001 36.32 ± 28.14 17.67 ± 14.53 0.0066

IL-6 (ng/l) 29.41 ± 12 10.95 ± 5.97 0.0000 45.33 ± 42.11 14.71 ± 9.24 0.0083

TNF-α (ng/l) 82.8 ± 37.09 42.48 ± 28.45 0.0001 129.38 ± 128.24 49.19 ± 41.04 0.0114

CRP (mg/l) 0.86 [0.36; 1.36] 0.47 [0.34; 1.22] 0.9679 1.13 ± 1.27 1.34 ± 1.43 0.2350

TAC (mmol/l) 1.09 ± 0.21 1.43 ± 1.01 0.1618 1.08 ± 0.18 1.81 ± 0.78 0.0044

MDA (nmol/ml) 7.71 ± 3.43 8.59 ± 3.53 0.1981 12.63 ± 12.83 10.01 ± 4.6 0.3354

Body mass (kg) 58.11 ± 6.84 57.94 ± 6.55 0.5335 83.82 ± 11.59 80.76 ± 10.65 0.0406

BMI (kg/m2) 20.86 ± 2.25 20.8 ± 2.09 0.5067 30.14 ± 4.11 29.06 ± 4.02 0.0406

Fasting glucose (mg/dL) 87.97 ± 5.6 85.86 ± 6.76 0.2111 92.98 ± 6.56 93.19 ± 5.42 0.9170

Fasting insulin (µU/ml) 14.02 ± 6.91 11.95 ± 4.5 0.1260 22.97 ± 8.46 15.83 ± 4.17 0.0118

Homa-IR 3.1 ± 1.69 2.54 ± 1.01 0.0839 5.33 ± 2.15 3.66 ± 1.05 0.0213
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and HOMA-IR (p = 0.02). At the same time, the implemented qualitative changes in the diet also significantly 
impacted the reduction of body weight and BMI, but only in the Ov/Ob group (p = 0.04) (Table 4).

Discussion
Our research showed that the AIDiet dietary intervention, based on the principles of MD, was effective in improv-
ing the quality of the diet of girls with PCOS, both slim and overweight or obese. In turn, the improvement in 
the quality of the diet resulted in a favourable change in the concentration of tested biochemical markers. To 
our knowledge, this is the first trial based on the assessment of diet quality using the KIDMED scale conducted 
in girls with PCOS and the first study that has proven that intervention with the AIDiet is associated with a 
beneficial change in immuno-metabolic and hormonal status.

The MD diet, on which we based the AIDiet intervention, is a diet with high anti-oxidant and anti-inflamma-
tory potential. MD is considered one of the best ways of eating and eating patterns in the context of diet therapy 
in women with  PCOS41. Its high anti-inflammatory and antioxidant potential is associated with the high con-
sumption of olive oil rich in polyphenols and oleic acid (which protects lipoproteins and cell membranes against 
oxidative damage)42,43. Long-term consumption of this type of fat may have both a preventive and therapeutic 
effect on slowing down inflammation in the body (LGI) and, at the same time, a beneficial effect on insulin 
resistance occurring in  PCOS44. PUFAs are also anti-inflammatory, present primarily in fatty sea fish species 
typical for MD but also in walnuts. It has been shown that PUFA taken as supplementation improves insulin 
resistance and serum lipid concentration and increases adiponectin  concentration41,45. It has been proven that 
regular consumption of MD is associated with positive changes in the concentration of markers of inflamma-
tion, such as CRP, IL-6, TNF-α as well as clinical and metabolic parameters, including body weight, BMI, WC, 
blood glucose and  insulin24.

The 12-week AIDiet intervention implemented in slim, overweight and obese patients resulted in a signifi-
cant increase in the KIDMED score, proving a substantial improvement in diet quality and in the intervention’s 
effectiveness. The increase in the rate of AID diet compliance was associated with an increase in the supply of 
plant protein, PUFAs, and fibre. On the other hand, a decrease in the supply of simple sugars, animal protein, 
and total fats, including saturated fats and cholesterol.

Our results are consistent with those reported by other researchers who conducted an MD-based intervention 
in children and adolescents to improve diet quality on the KIDMED scale. In  studies39, the intervention resulted 
in an increase in the consumption of high-fibre fruit and vegetables and wholegrain cereal products. In addition, 
nuts are a source of vegetable protein. At the same time, a decrease in the consumption of sweets, meat and sau-
sages, and eggs was observed, and as a result, a reduction in the supply of simple sugars and fats, including  SFA39.

The dietary intervention we conducted with the participation of teenage PCOS patients was based on our 
previous research  findings4,8,12,40. We observed negative but, at the same time, favourable correlations between 
the concentration of IL-6 and TNF-α, markers of inflammation, and MDA—oxidative stress marker, and the 
supply of proteins, including plant proteins, carbohydrates, and fibre in overweight and obese PCOS teenagers. 
Moreover, we showed a positive correlation between dietary cholesterol and CRP, a marker of inflammation, as 
well as a positive correlation between the concentration of TAC, which is a marker of the body’s total antioxidant 
potential, and the supply of plant protein in lean patients. In none of the groups were we able to show a correla-
tion between the markers being tested and the content of fatty acids in the diet, both SFA, MUFA, and  PUFA8.

Our previous studies were observational, so the next step was to attempt to confirm these reports in inter-
vention study conducted among girls with PCOS. In our current research we showed that AIDiet intervention 
resulted in a beneficial and significant decrease in the concentration of the tested cytokines IL-1, IL-6 and TNF-α 
and androstenedione, along with a significant increase in the quality of the diet, in the group of slim girls (N), 
despite the lack of a substantial change in body weight and BMI. However, in the overweight and obese group, 
in addition to a significant improvement in the concentrations mentioned above of the inflammatory markers 
and androstenedione, we also observed a favorable increase in the concentration of TAC. It is worth noting that 
an increase in the TAC index means an increase in the concentration of protein and low-molecular antioxidants 
and, thus, an increase in the body’s antioxidant defences. These changes were more obvious in overweight or 
obese girls because they lost weight, and as is known, inflammation, insulin resistance, and oxidative stress are 
related to obesity/overweight8.

However, in our current research, it was essential to check if intervention with an anti-inflammatory diet, 
which includes the Mediterranean diet, without introducing changes in body weight (which changes are usually 
not necessary in slim girls with PCOS) can also lead to achieving beneficial changes in parameters, which we 
examined, important from the point of view of PCOS.

This is particularly important and it should be emphasized that PCOS also occurs in slim girls, who, however, 
exhibit common features and metabolic dysfunctions typical of those who are overweight and obese. In these 
cases, the implementation of reduction diets (one could add "and weight reduction") is  unnecessary16.

Besides, it should be noted, that, as reported by other authors, certain ingredients with antioxidant activity 
can reverse inflammation caused by free oxygen radicals (ROS, reactive oxygen species) and  OS8,46–53. However, 
we did not expect that, as a result of the intervention, we would obtain an unfavourable increase in the MDA 
being an oxidative stress index (observed only in the N group) and a slight increase in the concentration of CRP 
(in the Ov/Ob group). However, in both cases, these changes were statistically insignificant.

As a result of the AIDiet intervention conducted in this study, we also observed a beneficial and significant 
decrease in the HOMA-IR, insulin resistance index and fasting insulin. This indicates that as a result of the 
use of an AIDiet in girls with PCOS, metabolic benefits related to improving insulin sensitivity and reducing 
insulin resistance typical of PCOS can be expected. It is important that these changes can be achieved in slim 
girls without the need to reduce body weight, which is not justified. It is worth emphasizing that a decrease in 
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fasting insulin concentration and HOMA-IR index was also observed in overweight and obese girls. In this 
group, it was probably also associated with a significant decrease in body weight and BMI. A number of similar 
metabolic benefits and the effectiveness of MD-based diet therapy in relation to risk factors and components of 
the metabolic syndrome were reported by Papadaki A in the Meta-Analysis of Controlled  Trials54.

It should be emphasized that the intervention conducted in patients with PCOS also resulted in a beneficial 
and significant change in the concentration of androstenedione (in both study groups). Nevertheless, the results 
obtained indicate the legitimacy of continuing research related to the influence of diet on the concentration of all 
androgens. This is important because our previous research showed certain correlations between macronutrients 
in the diet and the tested androgens in the PCOS and/or control group. In the girls studied, we revealed a posi-
tive correlation between the serum concentration of androstenedione and the supply of total fats and MUFA, as 
well as a negative correlation between the above-mentioned androgen, and the supply of total protein, vegetable 
protein, and  fibre40. Intervention studies by other authors showed a beneficial effect of dietary interventions on 
insulin resistance in PCOS patients and the normalization of  hyperandrogenemia55. By inducing compensatory 
hyperinsulinemia, insulin resistance induces several pathways, ultimately leading to subsequent excess of cir-
culating  androgens40,56. Moreover, a beneficial effect of a 3-month high-protein diet with a low glycaemic load 
in women with PCOS and excessive body weight on the concentration of CRP, testosterone, and insulin, as well 
as the HOMA-IR value, was  observed59. Products with a low load and glycaemic index are usually high in fibre. 
Previous studies on the relationship between dietary fibre intake and androgen levels and metabolic indices in 
adult women with PCOS showed that fibre intake was inversely associated with insulin resistance, fasting insulin, 
glucose, testosterone, and DHEA-S60. Unfortunately, in contrast to these findings, our previous studies did not 
show any significant correlations between fibre intake and androgen levels in girls with PCOS. However, the 
entire study cohort showed a negative correlation between fibre intake and testosterone and androstenedione 
 concentrations40.

The improvement in diet quality in girls with PCOS achieved due to the 12-week AIDiet intervention is 
significant for teenagers with PCOS because, as we showed previously, their diet differs unfavourably from the 
control group. These differences relate to the lower supply of fibre and the higher supply of fats, cholesterol, and 
simple  sugars12, which are pro-inflammatory ingredients. It is worth mentioning that pro-inflammatory dietary 
components may promote the occurrence of oxidative stress (OS) and inflammation in the body (LGI)46,61,63–65 
and affect the concentration of markers of inflammation such as  CRP8,64,66. Excessive consumption of simple 
sugars is pro-inflammatory, resulting in elevated CRP  levels67 and exacerbating insulin resistance, hyperan-
drogenism, and inflammation in PCOS  patients44. In addition, certain dietary components, such as glucose, 
may enhance ovarian androgen production and thus increase inflammation in  PCOS44,68. The consumption of 
simple sugars is associated with the occurrence of OS, which stems from an excessive increase in blood glucose 
concentration as a result of their  consumption69.

Summing up, the results of the 12-week AIDiet dietary intervention without energy deficit which we con-
ducted in a group of slim and overweight girls with PCOS confirmed our earlier assumptions that a significant 
increase in the quality of the diet and the supply of ingredients with anti-inflammatory properties might have 
a beneficial effect on the metabolic and endocrine health of patients and reverse PCOS-associated low-grade 
inflammation and antioxidant imbalance leading to OS. However, further research is needed in this area.

Strength and limitation
Our research has some limitations. First, we are aware of the small sample size. The sample size was designed 
to have sufficient power to assess the primary outcome, the KIDMED indicator. For the secondary outcome, 
the power was sufficient to detect as statistically significant indicators of inflammation, such as TNF-α, IL-1, 
IL-6. However, where we did not obtain statistically significant differences, the effects we obtained can serve as 
a basis for determining the necessary and already larger sample sizes in future studies that will be conducted 
on this topic.

Secondly, in the diet quality assessment studies, we used a questionnaire which, in principle, is not an entirely 
objective tool. Nevertheless, the KIDMED questionnaire we used has already been validated in studies in many 
countries as an option for a rapid dietary screening tool in clinical conditions, and it has been approved for 
paediatric  populations27,31. In addition, interviews with patients were conducted face-to-face by an experienced 
dietitian to minimize possible errors related to completing the questionnaire independently.

Moreover, the dietary checklist does not examine all food types with anti-inflammatory potential. Neverthe-
less, the choice was based on our previous research  findings4,8,12,40. In the next follow-up trials, the list should 
be expanded.

Another limitation of our study is that we did not consider the influence of other lifestyle factors, such as 
participation in organized physical activity. In addition, the study population was highly homogeneous, as it 
consisted only of Caucasian girls, and therefore it is difficult to interpolate our results to other populations.

Our attention was also drawn to the high dropout rate in the Ov/Ob group (35%). This suggests that over-
weight and obese patients and their parents require a particular form of motivation to implement changes in 
nutrition effectively.

However, it should be emphasized that despite the limitations mentioned above, the girls did not report any 
adverse events or side effects related to the dietary intervention, which indicates the validity and safety of the diet. 
Moreover, this is the first study in which a dietary intervention was proposed in girls with PCOS, both slim and 
overweight and obese, based on the use of a diet with high antioxidant and anti-inflammatory potential (AIDiet) 
and, at the same time, without the implementation of an energy deficit. In addition, the first study confirmed that 
the use of AIDiet for 12 weeks is associated with beneficial changes in immuno-metabolic health and hormonal 
status in adolescent PCOS patients.
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Conclusions
Our research is the first trial based on the assessment of diet quality using the KIDMED scale in girls with PCOS 
and the first to prove that the improvement in diet quality concerning the KIDMED scale results in a beneficial 
change in metabolic and hormonal and immunological parameters in this age group of PCOS patients. However, 
this effect was observed in slim girls without a weight reduction.

Besides, the results show that an AIDiet, based on the assumptions of MD, may play a therapeutic role in 
teenage PCOS patients, contributing to the reduction in LGI, OS, and insulin resistance, as well as reducing the 
concentration of androgens.

Further research should contribute to determining whether the use of an AIDiet can achieve health effects 
related to metabolic and hormonal health in adolescent PCOS patients comparable to pharmacological therapy.
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