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Literature Review & Background of PCOS
Polycystic Ovary Syndrome (PCOS) is an endocrine disorder affecting women of reproductive ages, however, this disorder lasts a lifetime (Mayo Clinic, 2020) (Rosenfield & Ehrmann, 2016). According to the CDC, 6 to 12% of women of reproductive age are affected by PCOS in the United States (PCOS (Polycystic Ovary Syndrome), 2020). This amount is equivalent to about 5 million women. Up to 10% of women are diagnosed during gynecologic visits, according to medscape (Lucidi, 2019). In 1935, PCOS was initially described as being a syndrome by Stein and Leventhal, involving the presence of polycystic ovaries and oligomenorrhea along with symptoms such as hirsutism, acne, overweight and obesity (Rosenfield & Ehrmann, 2016). The pathogenesis of PCOS is not yet completely known and has continuously been updated and added to over the past 60 years and continues to be updated today (Rosenfield & Ehrmann, 2016). What we do know that high LH to FSH levels is associated with the altered secretion of gonadotropins. We also know that free testosterone in the blood is associated with hyperandrogenism specifically in women who have hirsutism and amenorrhea. The introduction of increased testosterone hormones levels was also associated with the development of polycystic ovaries in trans men. We also know that Insulin Resistance is associated with hyperandrogenism (Rosenfield & Ehrmann, 2016).

The diagnostic criteria for PCOS is for patients to meet two of the three aspects of the Rotterdam criteria: polycystic ovaries, oligomenorrhea, hyperandrogenism (Mayo Clinic, 2020). Polycystic ovaries are clusters or accumulations of cysts or fluid filled sacs in or on ovaries causing enlargement of the ovaries (Mayo Clinic, 2020). This can be identified via a pelvic ultrasound. Oligomenorrhea is irregular periods such as missing or skipped periods, periods that last longer or shorter than the average cycle length, and also includes periods that are extraordinarily heavy (Mayo Clinic, 2020). This criteria can be identified through physical exams, blood tests, observations of menstrual cycle and pelvic ultrasounds. Hyperandrogenism is categorized as high levels of androgens in women and can present as high levels of testosterone in the blood, hirsutism (excessive facial, back, and chest hair growth), alopecia, acne, and obesity (Mayo Clinic, 2020) (Oakley, 2014). This can be identified via blood tests, and through observations of physical and clinical presentations in patients. 

Traditional treatments for PCOS which you’ll commonly hear from physicians include the prescription of metformin, birth control, and weight loss (Williams, Mortada & Porter, 2016). However, these medications often are accompanied by adverse side effects such as gastrointestinal distress (Williams, Mortada & Porter, 2016). Some of the alternative and newer treatments you might hear from practicing Dietitians who specialize in PCOS include but are not limited to the supplementation of inositols (specifically myo-inositol and D-chiro- inositol in a 40:1 ratio), carbohydrate-controlled diets, and a low glycemic index or low glycemic load diet, which will be discussed through our project’s research (Grassi, 2020). 


A narrative review by Diana Speelman discussed what treatments are best for PCOS and when to apply them in practice. Speelman reviewed several academic journal articles through PubMed on the subject of nonpharmacologic treatments for PCOS (Speelman, 2019). After reviewing the research she collected, Speelman concluded that the first treatment for PCOS should be weight loss or weight management along with regular exercise and reduced caloric intake (Speelman, 2019). As a second treatment, if results are not satisfactory from the first treatment suggestions, Speelman advised that patients with PCOS should consider adopting a low carbohydrate low glycemic index diet in order to obtain further improved results on insulin sensitivity and body composition (Speelman, 2019). 

Another review by Tripathi, Singh, Jain, and Khatoon discusses the various dietary modifications that can affect PCOS. Similar to Speelman, they note that weight management is the most important dietary change for patients with PCOS as obesity in women with PCOS is associated with hyperandrogenism, hyperinsulinemia, cardiovascular disease, hirsutism, and gestational diabetes (Tripathi, Singh, Jain, & Khatoon, 2020.) In addition to weight maintenance, they noted that a low glycemic index diet is important for patients with PCOS. A low glycemic index diet is capable of lowering one’s risk of cardiovascular disease, diabetes, hyperinsulinemia, and cancer (Tripathi, Singh, Jain, & Khatoon, 2020.) In one short-term intervention that they reviewed, a reduced calorie, low glycemic index diet showed a significant amount of weight loss and improved insulin sensitivity within 12 weeks. Given that insulin resistance is associated with hyperandrogenism and seen in patients with PCOS, a low glycemic index diet is beneficial for reducing one’s risk for insulin resistance and improving their insulin sensitivity. 

Additionally, a Systematic Review/Meta-analysis by Kazemi et. al. (2020) summarized and quantitatively pooled evidence on the effects of a glycemic index and glycemic load diet on cardiometabolic and reproductive profiles in women with PCOS. Ten randomized controlled trials were included in the systematic review, and 7 included in the meta-analysis portion. The dietary interventions included an 8 week to 6 month period and both contained and did not contain an energy restriction. The cardiometabolic and reproductive outcomes that were analyzed included fasting insulin, fasting glucose, HOMA-IR, lipid profile, LDL cholesterol, HDL cholesterol, triglycerides, body weight, waist circumference, and androgen status in women. Upon evaluation, the low glycemic index diet decreased HOMA-IR, fasting insulin, total cholesterol, LDL cholesterol, triglycerides, waist circumference, total testosterone compared to the high glycemic index diet. However, glucose, HDL cholesterol, weight, and free androgen index did not show a significant difference between diet groups. Researchers concluded that a low glycemic diet improved glucoregulatory outcomes, lipid profiles, abdominal adiposity, and androgen status in women with PCOS (Kazemi, et. al., 2020).
Conclusion Statement and Grade
Purpose of the Evidence Appraisal Process
In women with Polycystic Ovary Syndrome (PCOS) (aged 16-46 years), what effect does a low glycemic index/ low glycemic load diet have on hyperandrogenism, ovulation, and anthropometrics?

Conclusion Statement:
A low glycemic index/load diet has a positive effect on hyperandrogenism, ovulation, and anthropometric measurements in women (aged 16-46 years) with Polycystic Ovary Syndrome (PCOS).

Conclusion Grade: II Fair

Evidence Summary, Evaluate the Outcomes:
What are the Pros/Cons and Unknowns to Applying the answer in Practice
Of the 6 articles reviewed, 2 were Randomized Controlled Trials, 1 was a case-control study, 1 was a cross-sectional study, and 1 was a before and after study, and 1 Randomized Non-Controlled Clinical Trial. Four were rated as positive, 1 was rated as neutral, and 1 was rated as negative in design. 
Two studies investigated dietary glycemic index in women with PCOS to determine possible associations with anthropometric indices. One study determined that women with PCOS tend to consume diets higher in glycemic index and had higher anthropometric indices compared to control. One study determined that women with PCOS had a higher dietary glycemic index, but no difference was shown in anthropometric indices compared to control. 
One study determined that a low glycemic index diet had a significant positive effect on ovulation in anovulatory women with PCOS. 
Two studies determined that a low glycemic index diet had a positive effect on weight and other anthropometric measurements in women with PCOS. 
Two studies determined that a low glycemic index diet had a positive effect on metabolic profiles and insulin resistance in women with PCOS.  
Overall, additional research is needed in order to fully investigate the effects of a low glycemic index/low glycemic load diet on women with PCOS. While the studies found had shown positive effects, many of the studies noted that additional research will be needed in order to elucidate the exact outcomes. There is limited research on this topic, especially as research in the form of strong design studies. There were various limitations impacting the studies including unmentioned or inconsistent defining of low glycemic index in the prescribed diet interventions, small sample sizes, and inconsistency with studies evaluating glycemic index alongside glycemic load. Therefore, this conclusion of this review is rated as Fair (II).
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	Eslamian, Baghestani, Eghtesad, Hekmatdoost
2017
Case-control
Class: C
Rating: +

	This is a case-control study. The purpose was to investigate the potential association between dietary carbohydrate component and PCOS symptoms. 
	The study population was women between 20 and 35 with PCOS. 
	281 women were in the case group and 472 women were in the control group, making a total of 753. 
	Inclusion criteria was being between the ages of 20 and 36, referral to an outpatient clinic in Tehran, a diagnosis of PCOS for the intervention group, and regular menstrual cycles for the control group. Exclusion criteria was an energy intake >3 or <3 standard deviations from the mean. 
	Prior to the intervention, participants met with a trained dietitian and assessed their diet for the past year using a semi-quantitative food frequency questionnaire. The mean daily intakes of the participants’ energy and nutrients were analyzed using USDA food composition tables. The glycemic index and glycemic load of the participants’ diets were analyzed using the Iranian Food Table of GI and GL. A general questionnaire was also used to collect data such as physical activity, occupational history, education, family history of PCOS, smoking, medication use, and supplement use, in addition to having weight, height, and waist circumference measured.  Lastly, the participants had an endocrine test that measured their serum follicle-stimulating hormone, luteinizing hormone, prolactin, and testosterone. 
	Compared to the control group, the case group had higher BMIs, WC, incidence of PCOS in their families, and overall energy intake. The overall intake of carbohydrates, refined grain, glycemic index, and glycemic load were higher in the case group. A significant association was found between glycemic index, glycemic load, and refined grain intake with PCOS. There was a significant inverse association found between whole grain intake and total fiber intake with PCOS. 
	High dietary glycemic index and low fiber intakes are associated with PCOS. Women with PCOS tend to consume diets higher in glycemic index and glycemic load than women who do not have PCOS.  

	Kazemi et al.
2018
Randomized Controlled Trial
Class: A
Rating: + 
	The study design is a Randomized Controlled Trial. The purpose of this study was to compare the intervention of a low-glycemic index pulse-based diet to the intervention of a diet which focuses on therapeutic lifestyle changes (TLC) in order to determine which of the two had the greatest impact on improving insulin resistance and cardio-metabolic risk factors in women with PCOS. 
	Women with PCOS between the ages of 18 to 35 years. 
	61 women completed the study (30 women in the pulse-based low glycemic index group) (31 women in the TLC group). 

	Inclusion Criteria: Women between the ages of 18 to 35 years, who had irregular periods, hirsutism, and infertility (meeting PCOS criteria according to Androgen Excess and PCOS Society criteria). Women using the drug metformin were included in the study, however, they were stratified and randomized separately from women who were not on metformin.
Exclusion Criteria: Women who took medications up to three months prior to the study which altered and or interfered with cardio-metabolic and reproductive functions, weight and appetite were excluded. This included women who used oral medications prescribed to improve hormones and fertility. Women were excluded if they took medications for CVD, seizures, and anti-psychotics. Women were also excluded if they had the following: untreated hyperprolactinemia, thyroid disease, hyperandrogenism of the adrenals from congenital adrenal hyperplasia, Cushing’s syndrome, and adrenal tumors. Lastly, women were excluded if their diet and physical lifestyles restricted them from following a pulse-based low glycemic index diet.
	Women in the intervention group were informed to follow a pulse-based low glycemic index diet. A pulse- base diet consists primarily of legumes. Women were encouraged to eat soups, salads, split peas, lentils, chickpeas, pinto beans, black beans, and kidney beans while following this diet intervention. Two pulse-based meals were provided to this group every day for lunch and dinner during the study (lasting 16 weeks). Women in the control group followed a TLC diet. Women following the TLC control diet were informed to eat low fat meats, poultry, low fat diary, and limit pulse-based food consumption.  Both groups had individual access to nutrition counseling with a Dietitian for 1.5 hours and received education materials on a TLC diet which all participants had to follow two weeks prior to the beginning of the study. A second dietitian gave participants from both groups’ specific nutrition counseling on their prescribed diets after two weeks of all participants following a TLC diet prior to starting their separate diet interventions. All women participated in an aerobic exercise regime during the study where they were to perform low-impact aerobic exercise at least 5 days a week in 45-minute sessions per day. Exercise intensity was determined by a heart rate of 220 beats per minute minus age in years to get their heart rate during activity. Women were allowed to exercise by walking, exercising on the elliptical, bicycle, or rowing machine.
	It was found that women on a pulse-based low glycemic index diet had statistically significant improvement in insulin response (p =0.05), diastolic blood pressure (p =0.05), triglycerides (p =0.04), LDL cholesterol (p =0.05), and HDL cholesterol (p <0.01) as compared to the women on a TLC diet. Although weight reduction was observed in both groups, there was not a significant difference between the two (p =0.62).
	The authors of this study concluded that a low-glycemic index pulse-based diet, consisting primarily of legumes, had a greater impact on improving insulin resistance and cardio-metabolic risk factors in women with PCOS as compared to a diet which focuses on therapeutic lifestyle changes (TLC).

	Melekoglu, et al.
2019
Cross-Sectional Study
Class: D
Rating: +
	The study type is a cross sectional study. The purpose was to compare the dietary glycemic index and glycemic load in the habitual diets of women with PCOS and healthy women to analyze if dietary glycemic index and load is associated with anthropometric indices in PCOS and healthy women. 
	The study population included premenopausal women previously diagnosed with PCOS aged 19-45 years recruited from the gynecological clinic at the Silifke State Hospital in Mersin, Turkey. 
The control group included healthy premenopausal women aged 19-45 years. 
	Sixty-Five women were included in the PCOS group and 65 healthy women were included in the control group (N=130).
	Inclusion criteria were not explicitly stated; however, participants were healthy premenopausal women aged 19-45 years. They were previously diagnosed with PCOS according to the Rotterdam consensus criteria. Exclusion criteria include natural or surgical menopause, pregnancy or lactation, diabetes, active eating disorders, or use of weight-loss medication within the past 6 months.
	Anthropometric measurements (Height, weight, BMI, WC, hip circumference, waist to hip ratio, waist to height ratio, and body shape index) were measured by the interviewer for each participant. 
A three-day integrated food and physical activity record was collected from each woman involved in the study. The records were recorded over 3 consecutive days and information was collected by the trained dietitian. Participants estimated food and beverage intake amounts based on the photographic atlas of portion sizes. Energy and nutrient intakes were calculated using the Nutrition Information System (BEBIS) program. Daily mean glycemic index and global dietary glycemic load were derived from the 3-day food records. A 3-day physical activity record was collected using self-report diaries. Participants were asked to record physical activity type and duration. Analysis was performed by the researchers. 
	PCOS Group: Glycemic Load was inversely associated with WHR (OR=0.136, 95% CI=0.021-).874 P=0.036)
There was no correlation between GI/GL and WHtR. 
Patients in the highest tertile of GL had a higher dietary GI value and percent of energy intake from carbohydrates, PUFA, starch, sugar sweetened beverages and a lower percent of protein, fat, and whole grains compared to patients in the lowest tertile of GL. 
 
Control Group: The control group showed an inverse association between tertiles of GI and WHtR.
 
Both Groups: In both groups, participants in the highest tertile of GL had an increased energy, carbohydrate, fat, cereal, and refined carbohydrate intake compared to the lowest tertile of GL. 
There was no significant association found between GI/GL and BMI and ABSI. 
	Researchers concluded that there was no difference in anthropometric indices by tertiles of GI and GL for the PCOS group. Further research is required to clarify the relationships. 

	Shishehgar et al.
2019
Randomized Non- Controlled Trial
Class: D
Rating:+
	The study design is a Randomized non- Controlled Trial/ Randomized Clinical Trial. The purpose of this study was to evaluate the effect a low calorie, low glycemic index (LGI) diet had on insulin resistance (IR) and anthropometric measurements in women who have PCOS as compared to women who do not have PCOS. 
	Overweight and obese Iranian women aged 18-40 years.
	62 women participated in the study. There were 28 women with PCOS and 34 women without PCOS included in this study. 
	Inclusion Criteria: Overweight and obese women aged 18-40 years.
Exclusion Criteria: Pregnant women, women who were actively breastfeeding, women using insulin-sensitizing agents, women using lipid-lowering therapies, women using contraceptive drugs 6 months prior to the start of the study, women participating in special diet and exercise practices with the goal of weight loss, women on antipsychotic medications, women on hormonal medications, women on antihypertensive medications. Women were also excluded if they have or have ever had mental diseases, chronic diseases, malignancies or participated in similar studies.
	All women followed a low calorie- low glycemic index diet over the course of 24 weeks (6 months). Low calorie, low glycemic index diet: Glycemic Index values were measured via the International Table of glycemic index and glycemic load. Glycemic load was calculated by multiplying a foods GI value by the carbohydrate content (per serving) and then dividing it by 100. Low calorie diets were calculated based on a BMI of 22 kg/m2 with a deficit of 500 kcal. The intervention diet consisted of lean meats, whole grains, low fat dairy, and non-starchy vegetables. Diet adherence was monitored through dietary counseling and food diaries.
	It was found that a low calorie low glycemic index diet equally lowered weight among PCOS women and women without PCOS (p=0.57). This diet helped reduce insulin levels in both categories of women equally (p=0.83). It was found that reduced total testosterone (p=0.006), improved menstrual cycle (p<0.001), and reduced acne (p=0.004) was found to be statistically significant among women with PCOS after this diet intervention.
	The authors of this study concluded that a low calorie, low glycemic Index diet can help reduce weight, improve anthropometric measurements and improve metabolic profiles, such as insulin resistance, in overweight and obese women with and without PCOS equally.

	Sordia-Hernández, et al.
2016
Randomized Controlled Trial 
Class: A
Rating: Ø
	The study is a randomized controlled trial. The purpose is to compare the effect of a low glycemic index and a normal glycemic index diet on ovulation in patients with PCOS (experiencing anovulation). 
	Female patients with a diagnosis of PCOS, infertility, and anovulation from the University Center for Reproductive Medicine (CeUMER) of the Hospital Universitario “Dr. José Eleuterio González.”
	37 subjects completed the study. 
	Inclusion criteria include a diagnosis of PCOS, infertility, anovulation, gained written consent,  free from hormone treatment and weight loss drugs at least 3 months prior to study, and not under any diet. 
Exclusion criteria include having a confirmed diagnosis of diabetes mellitus and women with adnexal cystic masses were excluded. 
	Patients were included in a diet program. Caloric intake for each patient was calculated with the Harris Benedict formula with an added physical activity factor. Patients consumed between 1,200 and 1,500 calories per day. The diet included normal percentage distribution of macronutrients for each patient. Patients in group 1 received a diet containing foods with a glycemic index lower than 45 points, while patients in group 2 received a diet with a glycemic index between 50 and 70 points. 
	There was a statistically significant difference (P=.0014) in ovulatory cycles between groups. 24.6% of patients in group 1 (following the low glycemic index diet) were ovulatory, while 7.4% of patients in group 2 (non-low glycemic index diet) were ovulatory. 
	The authors concluded that a low glycemic index diet could be a strategy available to women with PCOS, especially those who are looking to achieve pregnancy. Recovery of ovulatory cycles through a dietary intervention (low glycemic index diet) is an affordable and accessible strategy. The findings should be confirmed in future studies. 

	Szczuko, Malarczyk, Zapalowska-Chwyc
2017
Before-after study
Class: D 
Rating: -
	This study was a before-after study. The purpose of this study was to assess the changes in anthropometric parameters after women change their diet to a low glycemic index diet. 
	The study population was women at a reproductive age with PCOS. 
	24 participants completed this study. 
	Inclusion criteria consisted of being between the ages of 17 and 38 who had 2 out of the 3 following symptoms: rare or complete lack of ovulations, symptoms of hyperandrogenism, or USG images of polycystic ovaries. Exclusion criteria consisted of having one or less of the necessary symptoms or being pregnant. 
	Prior to the intervention, each participant had her body mass, height, waist circumference, hip circumference, arm circumference, shoulder blade skinfold thickness, iliac crest skinfold thickness, and above triceps brachii muscle skinfold thickness measured. In addition, fat mass, fat-free mass, muscle mass, total body water,   sodium to potassium ratio, and basal metabolic rate were measured by BIA 101. Each participant then received a 7-day low GI menu that was comprised of 5 meals for each day with a total calorie count of either 1,600 or 1,800 calories. The diet was based on its macronutrients. The participants were instructed to drink two liters of water per day and have at least 3 hours of exercise per week. The participant followed their prescribed diets for three months, then the measurements taken at baseline were assessed again. 
	Visceral obesity was found in 84% of the women prior to the intervention, which was reduced to 67% afterwards. When comparing the women’s’ weight prior to the interventional and after, the results are as follows: normal weight (21% vs 42%,) overweight (37% vs 25%,) first degree obesity (29% vs 21%,) second degree obesity (4% vs 4%,) and third degree obesity (8% vs 8%). The following averages of results were of statistical significance: 5.93kg weight, 2.14 reduction in BMI, 7.7cm waist circumference reduction, 4.8cm hip circumference reduction, 1.9cm arm circumference reduction, and 3.29% reduction in fat mass. The only statistically significant biochemical changes were a reduction in triglycerides by 30 units, a reduction in LDL by 25 units, and a reduction of total cholesterol by 20 units. 
	A low GI diet, combined with physical activity and a calorie reduction, is effective regarding weight loss in women with PCOS. While many patients will require a treatment longer than three months, this study showed that the calorie-reduced, low GI diet is effective for those patients. 


SEARCH PLAN
Question: In women with Polycystic Ovary Syndrome (PCOS) (aged 16-46 years), what effect does a low glycemic index/ low glycemic load diet have on hyperandrogenism, ovulation, and anthropometrics.
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