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Abstract

:

Polycystic ovary syndrome is a common endocrine disorder characterized by hormonal imbalances and various metabolic abnormalities linked to insulin resistance via a vicious cycle. Genetic and environmental factors underlie its pathogenesis and evolution. Nutrition, in terms of nutrient composition, dietary patterns, endocrine-disrupting chemicals, and food processing and preparation, has gained significant attention in the pathogenesis and the therapeutic approach of polycystic ovary syndrome. Carbohydrate intake seems to be a critical point in the diet assignment. Glycemic index and glycemic load constitute indexes of the impacts of dietary carbohydrates on postprandial glucose levels. Numerous studies have indicated that a high glycemic index and glycemic load diet may exacerbate insulin resistance, a key feature of the syndrome, and offer a risk for its development and its complications. Conversely, low-glycemic index and low-glycemic load diets seem to improve insulin sensitivity, regulate menstrual cycles, and mitigate the risk of comorbidities associated with polycystic ovary syndrome, such as obesity, alterations in body composition, type 2 diabetes, cardiovascular disease, and quality of life. This comprehensive review aims to explore the relevance of nutrition and more specifically, the association of glycemic index and glycemic load with the various aspects of polycystic ovary syndrome, as well as to assess the potential benefits of manipulating those indexes in the dietary approach for the syndrome.
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1. Introduction


Polycystic ovary syndrome (PCOS) is a complex, polygenic metabolic condition and the most common endocrine disorder in women of reproductive age. According to the 2003 Rotterdam criteria, PCOS is defined as clinical or biochemical hyperandrogenism, an indication of oligo-anovulation and polycystic-appearing ovarian morphology on the ultrasound, excluding any other relevant conditions [1,2]. Currently, four recognized phenotypes of PCOS include all possible combinations of these characteristics: (1) hyperandrogenism, oligo-anovulation and polycystic ovarian morphology; (2) hyperandrogenism and oligo-anovulation with normal ovarian morphology; (3) hyperandrogenism and polycystic ovarian morphology with normal ovulation; and (4) polycystic ovarian morphology and oligo-anovulation without the presence of hyperandrogenism [3]. The most common PCOS symptoms are hirsutism, alopecia, and acne, all linked to hyperandrogenism, as well as menstrual irregularities, including oligomenorrhea and amenorrhea [3,4].



The key factor in the development of PCOS, which contributes to increased androgen synthesis and the clinical and biochemical symptoms of the condition, is a malfunction in the ovary, due to both genetic and environmental factors [3,5]. Adiposity, especially abdominal, has been thoroughly studied as a risk factor for the onset and progression of PCOS [6]. In general, low-grade inflammation, oxidative stress (OS), insulin resistance (IR), and hyperandrogenism form a vicious cycle that constitutes the basic underlying pathophysiological mechanism in PCOS [7,8,9]. Women with PCOS have an increased risk of type 2 diabetes, obesity, and long-term cardiovascular (CV) complications. Glucose abnormalities are especially prominent in obese women with PCOS [10], as well as in those with menstrual irregularities [4]. PCOS women are also more likely to experience mild and serious anxiety and depressive symptoms, which negatively affect their quality of life [11,12].



Aside from these well-known predisposing factors, the pathophysiology and evolution of PCOS appear to be heavily influenced by dietary habits, diet composition, food processing and preparation, and endocrine-disrupting chemicals, which may impair ovarian function either directly or indirectly through IR, inflammation, and OS induction [6,13,14].



A specific dietary compound, the dietary advanced glycation end products (dAGE), seems to be involved in health and disease, including PCOS [15,16,17,18,19]. Advanced glycation end products (AGE) are formed constantly in the body by the nonenzymatic glycation of proteins, lipids, and nucleic acids. This process is accelerated in conditions characterized by hyperglycemia, dyslipidemia, OS, and IR [17]. The total body AGE pool is greatly influenced by dAGE consumption, and methods of food processing are major determinants [20].



Another important dietary compound, carbohydrates (CHO), has been linked to chronic inflammation, IR, and CV morbidity in PCOS women [21].



The approaches used in PCOS treatment are mostly determined by the intended outcome. Fertility, control of menstrual irregularities, improvement of hyperandrogenism, enhancement of insulin sensitivity, and weight loss are some of the main targets that are particularly important [1,2,22]. The treatment options include pharmacologic treatment with metformin, oral contraceptives and antiandrogens, estrogen receptor modulators such as clomifene for women who are interested in becoming pregnant, exogenous gonadotropins, or even laparoscopic surgical procedures [1,2,22].



Lifestyle modifications are currently considered one of the main treatment approaches for women with PCOS. The International Evidence-Based Guideline for the Assessment and Management of PCOS has highlighted the significance of nutrition in PCOS and suggested dietary and exercise interventions as the first line of treatment, independently of weight status [22].



The Mediterranean and ketogenic diets appear to be particularly beneficial in terms of weight loss, body composition, and metabolic parameters, including blood glucose levels and IR and a number of cardiometabolic abnormalities and hormonal imbalances, even in slim PCOS patients [23,24,25,26]. Following the publication of a list detailing the AGE contents of numerous staple foods [20], dietary changes in the form of designing low-dAGE diets have been found valuable [17,18,19]. In addition, modification of CHO consumption seems to have a positive impact on several elements of PCOS pathogenesis and may be one of the key strategies for treating these patients [21,22].



The glycemic index (GI) and the glycemic load (GL) are two important dietary indexes, which reflect the CHO effects in the body. The GI estimates the impact of any diet rich in CHO on postprandial blood glucose levels. Greater CHO absorption leads to higher postprandial glucose levels and a high GI. The GL considers both the GI and the quantity of CHOs and seems to be a more accurate indicator of a food’s impact on blood glucose and insulin levels than the GI alone [27]. High-GI and high-GL diets have been associated with a number of chronic conditions [27]. Diets with elevated GI and GL are linked to a greater risk of type 2 diabetes, CV disease, and stroke, which are even more pronounced in overweight and obese patients [28]. Lastly, there is substantial evidence that GI and GL are associated with different types of hormones and non-hormone related cancers [29,30].



In practical terms, existing lists provide data on the serving sizes, CHO content, and GI and GL indexes of a variety of foods. These lists can be used in order to design dietary patterns according to GI and GL values [31].



The main causes and pathogenetic mechanisms of PCOS are presented in Figure 1.



In the present review, we will try to identify the association of dietary GI and GL indexes with various pathophysiological aspects of PCOS and its evolution.




2. Effects of Dietary GI and GL Indexes on PCOS Risk


In addition to genetic and environmental factors, hyperinsulinemia due to IR, diabetes mellitus, obesity, family history for PCOS among first degree relatives, premature adrenarche, fetal androgen exposure, and low birth weight all constitute risk factors for PCOS [1,2,22]. Nutrition is considered another important determinant of PCOS risk, in terms of dietary patterns and specific nutrient intakes [32]. the amount of CHOs has especially been linked to increased PCOS risk [33].



Focusing on the dietary GI and GL indexes, it seems that women who follow high-GI and high-GL diets are more likely to develop PCOS [34,35]. According to a recent observational study, even the consumption of medium GI products increases the probability of PCOS by more than three-fold [36].



In addition, numerous studies have shown that PCOS patients consume noticeably more foods commonly high in GI or GL than healthy controls [35,36,37,38,39]. In comparison to patients of normal weight, obese PCOS patients consume foods with a higher mean dietary GI [40]. Obese and the classic PCOS phenotype are even considered age-independent predictors of higher dietary GI [39].




3. Effect of Dietary GI and GL Indexes on PCOS Pathophysiology


3.1. Effect of Dietary GI and GL Indexes on Glucose and Insulin Homeostasis


Glucose homeostasis in the whole body is dependent on the insulin secretion and action. IR is a complex phenomenon, due to its molecular and cellular aspects, leading to the disruption of insulin metabolism and elevated glucose levels. IR has been extensively studied and has been linked to numerous cardiometabolic and cognitive disorders and cancer [41,42,43].



IR can be driven by a number of hereditary and lifestyle factors, with diet being one of the main contributors. Macronutrient composition, particularly the intakes of CHOs, proteins, and fats, can influence insulin sensitivity. High-CHO diets, especially those rich in processed CHOs and sugars, may trigger rapid spikes in blood glucose levels, leading to IR. Dietary fiber consumption is also essential for regulating insulin metabolism. Whole grains, fruits, vegetables, and legumes are examples of high-fiber diets that slow down the digestion and absorption of carbs, reducing blood sugar rises and promoting improved insulin regulation [44,45].



IR is one of the major pathophysiologic mechanisms implicated in PCOS and can be present regardless of adiposity, body composition, and androgen levels [1,2,6,46]. Overall, IR is present in 75% of lean women and 95% of obese women with PCOS [46]. IR can exacerbate PCOS symptoms, leading to even more difficulties in weight management, excessive production of androgens, and disrupted ovulation [1,2,5,6].



The effects of different dietary patterns on glucose and insulin homeostasis in PCOS patients have been studied considerably. An overly high-fat diet, especially one high in saturated fat, raises the likelihood of developing IR and worsens its negative consequences [47]. CHOs have been linked to disturbed insulin homeostasis and IR, whereas a modest decrease in dietary CHO content was found to reduce fasting glucose, insulin, and IR while increasing insulin sensitivity [48,49,50]. Reduced dietary CHO consumption also appears to affect pancreatic β-cell responsiveness, which is a measure of insulin secretion, by increasing the first-phase response and decreasing the basal β-cell response [48].



Focusing on GI and GL indexes, there is a clear association between high dietary GI and GL values, insulin levels, and IR, as expressed by the Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) [36]. Women with PCOS and IR were found to consume more GL, compared to those without IR [51].



In regards to dietary interventions, adherence to a low-GI diet was linked to a significant increase in insulin sensitivity [52,53] and a reduction in insulin levels [54], as well as a reduction in HOMA-IR [55], whereas a short-term low-GI intervention had no effect on measures of glycemia [52]. The Dietary Approaches to Stop Hypertension (DASH diet), which is actually a low-GI diet, was initially proposed for the management of hypertension [56]. This diet was studied in overweight and obese women with PCOS and was found to lead to a significant reduction in insulin levels and HOMA-IR [57,58,59], as well as an increase in the quantitative insulin sensitivity check index [59]. Alongside calorie-restricting diets, the DASH diet might be one of the most effective options for reducing IR in PCOS patients [14].




3.2. Effects of Dietary GI and GL Indexes on Inflammation Biomarkers


Chronic inflammation refers to a persistent state of subclinical low-grade inflammation in the body that can promote the development and progression of various diseases, including CV disease, cognitive dysfunction, and certain malignancies [60,61].



Diet plays a crucial role in either promoting or mitigating chronic inflammation. Poor nutritional habits have been recognized as a component of the environmental triggers for chronic inflammation, due to their link to the abnormal activation of the innate immune system, resulting in low-grade systemic inflammation [62,63].



Food intake is known to cause a postprandial inflammatory reaction, the extent of which correlates with the level of IR. The caloric and CHO contents, as well as the lipid profile of a meal, are some of the nutrient-dependent parameters that affect postprandial inflammation [64]. Particularly complex CHOs are associated with inflammation through abnormal postprandial rises in glucose and lipids [32]. Dietary intakes of fat, protein, cholesterol, and sodium have also been found to be positively correlated with high-sensitive C-reactive protein (hs-CRP) levels, whereas a low-fiber diet is associated with increased inflammation [65].



Obesity is also a key factor for low-grade chronic inflammation, independently of specific nutrients, through a mechanism that involves adipocytes, macrophages, and the expression of pro-inflammatory receptors [66].



Chronic low-grade inflammation is considered to be involved in PCOS pathogenesis. A number of studies have found increased CRP levels in PCOS patients, although it is still unclear whether the inflammation is brought on by PCOS itself or by IR and obesity [67]. Inflammation is a cause of hyperandrogenism and can also exacerbate IR and affect ovulation via several pathways involving pro-inflammatory compounds [5].



Focusing on the dietary GI and GL indexes, the combination of high-protein and low-GL foods caused a significant decrease in hs-CRP levels, compared to a standard hypocaloric diet [54]. In overweight and obese women with PCOS, the DASH diet, a classical low-GI diet, resulted in a significant reduction in hs-CRP levels [57]. Adherence to a low-GI diet for 3 months was found to substantially decrease inflammation, as indicated by rising uric acid levels and glutathione peroxidase activity [68].




3.3. Effects of Dietary GI and GL Indexes on Oxidative Stress Biomarkers


An imbalance between pro-oxidants and antioxidants leads to oxidative stress (OS). Oxidative compounds, such as reactive oxygen species (ROS) and reactive nitrogen species (RNS), are involved in a number of processes, including those that regulate signaling, cell growth, and differentiation. Excess ROS accumulation can induce cell, protein, and lipid damage [5,65].



In a similar way to low-grade systemic inflammation, OS can be induced by postprandial hyperglycemia and is highly influenced by eating habits. Among the pro-inflammatory dietary patterns, CHOs are deemed responsible for the induction of OS, as demonstrated by large studies focusing on different populations [32]. On the other hand, dietary modifications can have an impact on the redox state, particularly in individuals with diabetes, hypertension, obesity, or dyslipidemia. Dietary antioxidants, hypocaloric diets that cause adipose tissue loss, and the substitution of animal protein for plant protein all enhance the antioxidant status of patients with these disorders [69].



Various circulating biomarkers of OS are abnormal in PCOS patients, regardless of weight status, indicating that OS plays a role in the etiology of the condition [70]. PCOS patients have markedly greater levels of homocysteine, malondialdehyde, asymmetric dimethylarginine, and superoxide dismutase activity, compared to healthy women. They also have lower levels of glutathione and paraoxonase-1 activity [70]. However, the mechanism of this link is not entirely clear, considering that PCOS patients frequently present with IR, obesity, and hyperandrogenemia, which also promote OS [71]. Nutritional supplementation is considered beneficial for OS related to PCOS and its accompanying disorders. Vitamin D, flavonoids, selenium, probiotics, vitamin E, folate, and omega-3 fatty acids are among the supplements being studied for their capacity to decrease OS and its detrimental effects on patients’ hormonal and lipid profiles [72].



Regarding the GI and GL indexes, the low GI DASH diet seems to have antioxidant properties that increase the total antioxidant capacity, 2,2-Diphenyl-1-picrylhydrazyl (DPPH) activity, glutathione, and nitric oxide [58,59,73] and decrease malondialdehyde levels [59].




3.4. Effects of Dietary GI and GL Indexes on Androgen Levels


Sex hormones are essential for growth, sexual development, and reproduction. They are also associated with metabolic parameters and relevant diseases. Low levels of circulating androgens have been associated with obesity and visceral adiposity in males, whilst excessive levels of androgens have also been connected to metabolic abnormalities in women. According to research, nutrition is known to influence androgen levels. A particular nutrient’s effects or other metabolic pathways, such as diet-induced changes in the context of obesity or IR, may mediate such an effect [74]. Regarding nutritional patterns, intermittent fasting was found to be beneficial for lowering androgen levels (testosterone and the free androgen index (FAI)) while raising sex hormone-binding globulin (SHBG) levels in premenopausal obese women [75].



The majority of PCOS patients with oligo-amenorrhea also have biochemical hyperandrogenemia, with the ovaries being the primary source of this androgen excess [3].



Androgen production is directly influenced by pro-inflammatory stimuli, while biomarkers of OS and inflammation are closely linked to circulating androgens [1,2,3,6]. In PCOS women, insulin levels have an impact on circulating androgens, independently of changes in gonadotropin secretion [76]. Nevertheless, ovarian androgen production in PCOS patients arising from dietary-induced inflammation may not be reliant on excessive body fat or IR [6]. Various dietary interventions have been promising in regulating androgen levels in PCOS patients. In obese PCOS individuals with anovulatory infertility, a hypocaloric high-protein diet and an exercise regimen decreased serum androgens, namely SHBG, androstenedione, and dehydroepiandrosterone sulphate [77].



However, the association of dietary GI and GL indexes specifically with androgen levels in PCOS is not clear. In overweight women with PCOS, a low-GI diet resulted in a significant reduction in total testosterone and an increase in sex hormone-binding globulin [38], while a reduction in dietary CHO content also significantly reduced total testosterone [48]. The low-GI DASH diet had a significant reduction in serum androstenedione [73] and significant increases in sex hormone-binding globulin [59,73] and anti-Müllerian hormone (AMH) [59]. A low-GI diet had a significant but similar decrease in testosterone in obese PCOS patients, compared to the effects of a conventional hypocaloric diet [54].



On the contrary, a 3-month low-GI diet intervention had no effect on androgen levels [78]. Wong et al. compared the impact of a low-GL diet with a low-fat diet in overweight and obese adolescents with PCOS and also found no difference in testosterone after either intervention [79].




3.5. Effects of Dietary GI and GL Indexes on Weight Status


Obesity is a serious public health issue that affects both children and adults, with a high prevalence globally.



This trend is also seen in PCOS, as 30% to 70% of women are overweight or obese. Abdominal obesity, in particular, affects and accentuates all metabolic and reproductive manifestations of PCOS [80].



Weight loss is recommended as an essential component of treatment for PCOS patients with an elevated BMI. Physical activity and maintenance of a healthy weight status are crucial components of the treatment of metabolic dysfunction related to PCOS [2,3,6]. Adherence to a hypocaloric diet and weight reduction of as little as 5% have been shown to improve clinical, metabolic, and reproductive abnormalities [81,82]. In women with PCOS, improved fatty acid oxidation, weight loss, and prevention of further weight gain may result from dietary changes that lower postprandial hyperglycemia and hyperinsulinemia [83].



Independent of calorie restriction, a reduction in CHO consumption has been associated with a greater decrease in adipose tissue and an impact on body composition [49]. These impacts may be related to changes in insulin release [84]. A reduced CHO diet for 8 weeks in women with PCOS significantly increased body fat loss, compared to the standard diet. The diet induced a decrease in subcutaneous-abdominal, intra-abdominal, and thigh-intermuscular adipose tissues [49]. Previous research also showed that females with PCOS had a lower risk of being overweight and obese when their daily consumption of plant protein was increased by 10 gr [85].



Regarding the GI and GL indexes, healthy but also PCOS women consuming high-GI or high-GL diets were found to have a higher BMI and waist circumference [38,39]. A significant inverse association between dietary GL and waist-to-hip ratio in women with PCOS was also reported [86].



In PCOS women, a low-GI diet decreased body mass, BMI, and waist, hip, and arm circumferences [87,88] and affected several indexes of body compositions [87]. A vegan low-GI diet had a greater decrease in energy and fat intake and a significant weight loss at 3 months, but not at 6 months, compared to conventional low-calorie diets [89]. The low-GI DASH diet appears to be an effective dietary strategy, as it was found to considerably reduce body weight, BMI [58,59], waist and hip circumferences [57], and fat mass [73], even when compared to a standard calorie-restricting diet [58].



Nevertheless, several studies reported an increased adherence to a low-GI diet quite similar to other diets, whether hypocaloric [54], low-fat [79], or designed to decrease hypercholesterolemia [55].





4. Effects of Dietary GI and GL Indexes on PCOS Phenotype


Menstrual cycles are significantly influenced not only by hormonal factors but also adiposity and body composition. Irregular menstrual cycles substantially correlate with both total and central obesity. Hormonal variables, notably insulin and SHBG, seem to have significant impacts on this connection [1,2,3,4,6,10].



Menstrual irregularity is one of the main features of PCOS and an indication of dysfunctional ovulation [1,2,3,4,22]. Nutrition is a key factor that affects reproduction directly through hyperglycemia or indirectly through altered insulin sensitivity and androgen levels, not only in terms of caloric excess but also in terms of the type of dietary intake. Specific nutrients, including CHOs or trans fatty acids, affect ovarian function and may influence the menstrual cycle [90]. A higher CHO intake has been linked to an increased risk of infertility caused by anovulation [91].



On the other hand, weight loss improved menstrual function and ovulatory patterns in the majority of women, and in obese PCOS individuals’, normal menstrual function and fertility were restored with the improvement of insulin sensitivity [92]. Regarding eating habits, obese PCOS individuals with anovulatory infertility significantly increased fertility with a hypocaloric low-protein diet and an exercise program [77]. In addition to dietary and lifestyle changes, using a probiotic supplement effectively regularized the menstrual cycle in PCOS patients [77].



A low-GI diet was found to improve menstrual regularity in overweight and obese women with PCOS [38,53] and increased the ovulatory cycles, compared to a normal-GI diet [93]. In overweight women with PCOS, a low-GI diet also resulted in a significant decrease in acne occurrence [38].




5. Effects of Dietary GI and GL Indexes on CV System


Overall, nutrition plays a major role in CV health and associated disorders. Regarding specific nutrients, high-CHO diets are associated with increased CV and all-cause mortality after 10 years [94]. However, higher intakes of CHOs from fruit and legumes are linked to decreased rates of CV and all-cause death, suggesting that the quality of CHOs may affect this connection [95].



Elevated levels of plasma triglycerides and decreased high-density lipoprotein cholesterol constitute the characteristic lipid profile in PCOS that is more profound in obese patients, while low-density lipoprotein is usually only slightly increased [96].



Concerning dietary patterns, research has found that the consumption of high-CHO diets could increase triglycerides dose-dependently [97], whereas low-CHO diets could be effective in decreasing triglycerides [98]. In PCOS patients, a reduction in dietary CHO content was found to significantly reduce all cholesterol measures but not triglycerides [48]. In terms of lipids, a diet reduced in fat, particularly saturated fatty acids (SFA), had a good effect on the metabolic profile [57], whereas cholesterol demonstrated a positive association with CRP levels in lean women with PCOS [99]. Additionally, researchers discovered that increasing the intake of polyunsaturated fatty acids (PUFA) in PCOS patients who undertook a three-month dietary intervention was beneficial for glucose levels [100].



However, existing research findings on the effects of a low-GI or low-GL diets on lipid levels are contradictory. Short-term low-GI diet adherence resulted in a reduction in non-esterified fatty acid levels [52], with no substantial effect on the total lipid profile [52,53]. Longer interventions seem to be more effective. Following a low-GI diet for 3 and 4 months resulted in considerable reductions in fatty acids [78] and low-density cholesterol [54], respectively. In the latter study, the low-GI diet was found to be superior to a typical hypocaloric diet [54]. The DASH diet was compared to a conventional calorie-restricting diet for 8 weeks and was found to significantly decrease serum triglyceride and very-low-density lipoprotein cholesterol levels [58].




6. Effects of Dietary GI and GL Indexes on Symptoms and Quality of Life


The association between diet and quality of life is widely recognized and extensively studied. A balanced and nutritious diet plays a vital role in promoting overall well-being and improving one’s quality of life.



PCOS has been reported to have a generally negative effect on health-related quality of life (HRQOL). PCOS patients experience elevated signs of anxiety and depression linked to their condition [101]. Obesity and hyperandrogenemia enhance the likelihood of depression and food cravings, creating a vicious cycle where obesity and metabolic syndrome get progressively worse [102].



Both treatment for PCOS and weight loss interventions were found to improve in HRQOL parameters, and their combination seemed to be the most effective managing strategy [101]. Probiotic supplements and dietary and lifestyle changes also had a substantial impact on PCOS women’s quality of life [103].



Regarding the issue of dietary plans based on GI and GL indexes, a low-GI diet was associated with less hunger [104] and a significant reduction in hypoglycemia symptoms [88]. A low-GI diet also increased quality of life scores in PCOS patients; however, the results were comparable with the Therapeutic Lifestyle Changes diet, a standard healthy diet designed for the management of hypercholesterolemia [55]. Feelings of fullness were greater in the early postprandial phase after a high-GL meal, but no differences were observed in the late postprandial phase [104].



A summary of the effects of GI and GL on PCOS Is presented in Figure 2.




7. Conclusions


The nutritional approach for PCOS patients has drawn significant attention, and there is growing interest in the roles of GI and GL as potential tools in its management. PCOS is characterized by IR, hormonal imbalances and metabolic changes, poor quality of life, and cardiovascular disease. The existing data suggest that GI and GL indexes might be useful in the dietary approach of patients with risk factors or a certain diagnosis of PCOS. High-GI and high-GL diets seem to induce systemic inflammation, OS, and IR and might interfere with PCOS symptoms, poor quality of life, and increased cardiovascular risk, all of them being more pronounced in obese patients. On the other hand, consumptions of low-GI and low-GL diets seem to alleviate IR, regulate menstrual cycles, and mitigate the risk of comorbidities associated with PCOS. Continued research is crucial to refine dietary recommendations regarding the cost-effectiveness of estimating the GI and GL indexes in the dietary approach of PCOS patients, especially regarding the effectiveness in the long-term consequences, such as cardiovascular, psychological, and quality of life.




8. Future Directions


Further research in the context of the role of nutrition in PCOS is essential in order to expand our understanding about the precise dietary interventions that can effectively change the natural history of the disease and the rate of complications. The ideal macronutrient composition, the need for specific micronutrients, and the effects of particular dietary patterns on PCOS symptoms, such as CHOs, are all areas of ongoing research.



Despite the several positive effects of low-GI and low-GL diets on different metabolic and other parameters, as described above, additional research on these indexes in PCOS is also essential. Future studies could investigate the long-term effects of low-GI/GL diets on hormonal balance, weight management, and metabolic parameters in women with PCOS. Beyond that, exploring the individual variability in glycemic response among PCOS patients and understanding the influence of factors such as genetics, gut microbiota, and lifestyle choices would provide valuable insights. A solid understanding of their effectiveness would also be aided by comparison studies comparing the effects of various dietary methods, such as low-GI/GL diets versus other dietary approaches. Lastly, the long-term sustainability of dietary changes, the potential interactions between diet and medication, and the influence of diet on reproductive outcomes in women with PCOS could be examined.



By conducting further research in this area, we can refine dietary recommendations and develop tailored strategies based on the potential benefits of GI and GL in the management of PCOS, ultimately improving the health and quality of life for affected individuals.
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Figure 1. Etiology and underlying mechanisms of PCOS. 
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Figure 2. Effects of GI and GL on PCOS. GI: glycemic index; GL: glycemic load; IR: insulin resistance; OS: oxidative stress; QoL: quality of life. 
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