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Abstract

Background—Polycystic Ovary Syndrome (PCOS) affects approximately 15% of reproductive-

age women and increases risk of insulin resistance, type 2 diabetes mellitus, cardiovascular 

disease, cancer and infertility. Hyperinsulinemia is believed to contribute to or worsen all of these 

conditions, and increases androgens in women with PCOS. Carbohydrates are the main 

stimulators of insulin release, but research shows that dairy products and starches elicit greater 

postprandial insulin secretion than non-starchy vegetables and fruits. The purpose of this study 

was to determine whether an 8-week low-starch/low-dairy diet results in weight loss, increased 

insulin sensitivity, and reduced testosterone in women with PCOS.

Methods—Prospective 8-week dietary intervention using an ad libitum low starch/low dairy diet 

in 24 overweight and obese women (BMI ≥ 25 kg/m2 and ≤ 45 kg/m2) with PCOS. Diagnosis of 

PCOS was based on the Rotterdam criteria. Weight, BMI, Waist Circumference (WC), Waist-to-

Height Ratio (WHtR), fasting and 2-hour glucose and insulin, homeostasis model assessment of 

Insulin Resistance (HOMA-IR), HbA1c, total and free testosterone, and Ferriman-Gallwey scores 

were measured before and after the 8-week intervention.

Results—There was a reduction in weight (−8.61 ± 2.34 kg, p<0.001), BMI (−3.25 ± 0.88 

kg/m2, p<0.001), WC (−8.4 ± 3.1 cm, p<0.001), WHtR (−0.05 ± 0.02 inches, p<0.001), fasting 

insulin (−17.0 ± 13.6 μg/mL, p<0.001) and 2-hour insulin (−82.8 ± 177.7 μg/mL, p=0.03), and 

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and source are credited.
*Corresponding author: Jennifer L. Phy, DO, FACOG, 3502 9th Street, Suite G-10, Lubbock, TX 79415, USA, Tel: (806)743-4256; 
Fax: (806)743-4462; jennifer.phy@ttuhsc.edu. 

HHS Public Access
Author manuscript
J Obes Weight Loss Ther. Author manuscript; available in PMC 2015 July 27.

Published in final edited form as:
J Obes Weight Loss Ther. 2015 April ; 5(2): . doi:10.4172/2165-7904.1000259.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



HOMA-IR (−1.9 ± 1.2, p<0.001) after diet intervention. Total testosterone (−10.0 ± 17.0 ng/dL, 

p=0.008), free testosterone (−1.8 pg/dL, p=0.043) and Ferriman-Gallwey scores (−2.1 ± 2.7 points 

(p=0.001) were also reduced from pre- to post-intervention.

Conclusion—An 8-week low-starch/low-dairy diet resulted in weight loss, improved insulin 

sensitivity and reduced testosterone in women with PCOS.
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Introduction

Polycystic Ovary Syndrome (PCOS) is a condition of hyperandrogenism and affects 

approximately 1 in 8 women of reproductive-aged worldwide [1]. Women with PCOS often 

suffer from obesity, insulin resistance, and clinical symptoms of elevated androgens, such as 

hirsutism, acne, irregular menses, and abdominal obesity. Prolonged or high degrees of 

postprandial hyperinsulinemia are believed to contribute to or worsen all of these conditions 

[2–5]. Further, insulin resistance and hyperinsulinemia increase androgen levels in women 

with PCOS and may make weight loss difficult [2,3,6].

Insulin is the primary hormonal mediator of energy storage [7], and while hyperinsulinemia 

is common in PCOS, it is unclear whether it is due to excessive insulin secretion, decreased 

insulin clearance, or both [8]. Persistently elevated insulin levels, immaterial of its origin, 

can result in insensitivity of its target cells over time, which further exacerbates 

hyperinsulinemia and increases the potential for beta cell dysfunction [9]. Research has 

shown that methods which limit or reduce peripheral hyperinsulinemia in insulin resistant 

individuals have the potential to treat or prevent obesity and related disease [3,10]. This may 

be due to the reduced ability of insulin-resistant individuals to oxidize fatty acids because of 

elevated insulin levels, leading to tissue accumulation of triglycerides in skeletal muscle and 

further impaired insulin signaling [11,12]. Hyperinsulinemia decreases expression of 

Lipoprotein Lipase (LPL), an enzyme responsible for lipolysis, in skeletal muscle, but 

increases LPL expression in adipose tissue. High LPL activity in the adipose tissue coupled 

with low LPL activity in skeletal muscle drives lipolysis in the adipocyte, resulting in high 

levels of circulating fatty acids that further impair insulin signaling and lipid oxidation in 

skeletal muscle [13]. This reduced activity of LPL in skeletal muscle, and subsequently 

reduced lipid oxidation, has been linked with weight gain in prospective studies [11,14,15]. 

Therefore, reduced utilization of lipid as an energy substrate has the potential to further 

enhance metabolic dysfunction [12].

A recent study conducted by Mehran et al. [3] used mice lacking the Ins1 gene, which 

contributes to approximately 30% of secreted insulin, to determine whether these mice 

would be incapable of high-fat diet induced obesity. The Ins1 deficient mice were protected 

from diet induced weight gain, suggesting that pancreatic hyper-secretion of insulin is 

required for diet-induced obesity. Another study found that pharmacological suppression of 

insulin secretion in obese adults consuming an ad libitum diet resulted in weight loss and 

reduced intake of, and preference for, carbohydrate-rich foods [16]. Therefore, novel 
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methods that lead to a reduction in hyperinsulinemia may have important implications for 

facilitating weight loss, improving insulin resistance and lowering androgens in women with 

PCOS [17].

Studies indicate that there is dissociation between the glycemic response and insulinemic 

response in some carbohydrate foods [4,18,19]; this dissociation may be even greater in 

insulin resistant populations [20]. Starches, dairy foods and those with added sugars have 

shown to have an increased insulin response compared to non-starchy vegetables and fruit 

[21–27]. Therefore, the purpose of this study was to determine whether removing starches 

and dairy for 8 weeks because of their insulinemic properties would result in weight loss, 

increased insulin sensitivity, and reduced testosterone in adult women with PCOS. We 

hypothesized that an 8-week low starch/low dairy diet would lead to weight loss and 

improved body composition, increased insulin sensitivity, and reduced testosterone in 

women with PCOS.

Methods

Study participants

Twenty-eight women (BMI ≥ 25 kg/m2 and ≤ 45 kg/m2) with a confirmed diagnosis of 

PCOS were recruited from a gynecological/obstetrical and fertility clinic under the 

supervision of a Reproductive Endocrinologist (REI). Eligible women were between 18–45 

years of age with a BMI ≥ 25 kg/m2 and ≤ 45 kg/m2. Diagnosis of PCOS was based on 

oligo- and/or amenorrhea and the presence of hyperandrogenism (clinical and/or 

biochemical), consistent with the Rotterdam criteria (2004). All participants had at least one 

polycystic ovary by ultrasound. Oligomenorrhea was determined by cycle length (>35 days), 

and amenorrhea was determined as lack of a menstrual period ≥ 12 months. Clinical 

hyperandrogenism (hirsutism, severe acne, or androgenic alopecia) and/or biochemical 

hyperandrogenism (testosterone >55 ng/dl) was assessed by the REI. Women with adrenal 

enzyme defects such as Cushing’s Syndrome or adrenal virilizing tumors, participants with 

Type 2 Diabetes (T2D), evidence of late onset 21-hydroxylase deficiency, or any other 

medical condition requiring supervision were excluded from the study. Women who were 

nursing during the length of the study, women with a confirmed eating disorder, and women 

with gastrointestinal absorption issues were excluded as well. Subjects discontinued insulin 

sensitizers, oral contraceptives, and cyclic progesterone for one month prior to the study. 

This study was approved by the Institutional Review Board of Texas Tech University Health 

Sciences Center and written informed consent was obtained from all participants prior to 

beginning the study.

Protocol

Weight, height, Waist Circumference (WC), Waist-to-Height Ratio (WHtR), and body fat 

percentage were measured on week 0 and week 8. BMI was calculated using weight and 

height. The BODPOD (Cosmed Chicago, IL) was used to measure body weight and body 

composition. Fasting and 2-hour serum glucose and insulin levels were measured via a 75 g 

2-hr Oral Glucose Tolerance Test (OGTT) with blood samples taken at 0 and 120 minutes at 

week 0 and week 8. HemoglobinA1c (HbA1c), blood lipids, total and free testosterone, and 
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25-OH vitamin D were measured via a fasting blood sample at week 0 and week 8. Modified 

Ferriman-Gallwey scores, a method of evaluating and quantifying hirsutism, were calculated 

by the REI [28]. To excludes the possibility of seasonal variations of sun exposure and 

natural fluctuations of 25-OH vitamin D, 50% of the participants began the study in the 

summer and early fall months and concluded in the late fall and winter months.

Intervention

Subjects were instructed to follow a low starch/low dairy diet throughout the 8-week study. 

Each participant spent 2 hours with a Registered Dietitian (AMP) for intensive diet 

education. Each participant was provided with written materials that included appropriate 

foods and products, example meal plans, a guide to eating out, and recipes. After initial 

instruction, subjects did not have face-to-face contact with the Registered Dietitian until they 

returned to the clinic for measurements on week 8. Participants were instructed to eat lean 

animal protein (meat and poultry), fish and shellfish, eggs, non-starchy vegetables, low-

sugar fruits (berries, apples, oranges, plums, etc.), avocado, olives, nuts and seeds, and oils 

(olive and coconut). Subjects older than 21 years were allowed 6 oz. of red wine per day, 

and all subjects were allowed up to 1oz of prepared or fresh, full-fat cheese per day. 

Previous studies have shown cheese to be less insulinemic than other dairy products, thus, 

cheese was allowed in restricted amounts to aid in dietary compliance. The diet excluded all 

grains, beans, other dairy products, and sugar (including fruit juice from concentrate, raw 

turbinado sugar, evaporated cane juice, high-fructose corn syrup, honey, or agave nectar) 

because of their insulinemic properties. Non-nutritive sugar substitutes were allowed for 

participants that wished to use them. Green vegetables, nuts, and seeds are good sources of 

calcium, but calcium-fortified non-dairy alternatives (unsweetened almond milk and 

unsweetened coconut milk) were allowed for participants that wished to supplement their 

calcium intake. Participants were not advised to count calories or carbohydrates and were 

encouraged to eat until they were satisfied, but not to overeat. Participants were instructed 

not to change their level of physical activity throughout the intervention. Three day food 

records (Thursday, Friday and Saturday) were collected at weeks 1, 4, and 7 to determine 

dietary compliance.

Assays

Glucose, insulin, and HbA1c were run by one laboratory (University Medical Center, 

Lubbock, TX), and testosterone and free testosterone assays were run by another laboratory 

(Quest Diagnostics Nichols Institute, San Juan Capistrano, CA). All assays were performed 

on the Roche Diagnostics Cobas 6000. Glucose was performed by enzymatic reference 

method with hexokinase, HbA1c by turbidimetric inhibition immunoassay, insulin by 

electrochemiluminescence immunoassay, and testosterone by electrochemiluminescence 

immunoassay. The Homeostasis Model Assessment (HOMA) was used as a surrogate 

measure of insulin resistance and was calculated using the standard equation [29]. 

Cholesterol was assayed by enzymatic colorimetric test and 25-OH vitamin D by 

electrochemiluminescence binding assay. Free testosterone was calculated taking the 

concentrations of total testosterone and Sex Hormone Binding Globulin (SHBG) into 

account and assuming a fixed albumin concentration of 43 g/L, as described elsewhere 

(Vermeulen et al. 1999).
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Statistical analysis

As pre- and post-diet measurements were taken for all outcome variables, paired t-tests were 

used to determine statistically significant changes. Some of the outcomes of interest were 

significantly non-normally distributed. However, as the paired t-test is robust against the 

violation of the assumption of normality and N=24 is a relatively large sample size for 

paired testing procedures, we only departed from the parametric t-test in cases of extreme 

outlying observations (such as 2 hr insulin>1000 μg/mL). Statistical analysis was performed 

using SAS 9.3 (SAS Institute, Cary NC).

Results

Of the 28 women recruited, 24 completed the study (3 dropped out due to non-compliance 

and 1 spontaneously conceived during the study). The average age of participants was 29.8 

± 4.0 years. Thirteen of the participants were Caucasian, 9 were Hispanic, 1 was Pacific 

Islander and 1 was Native American. Dietary intake data can be found in Table 1.

There was a significant reduction in all anthropometric measurements after diet intervention 

(Table 2). While fasting glucose was significantly reduced (p=.002), 2-hour glucose did not 

appear to change significantly (p=0.657) between the pre and post diet states. There was a 

small but significant reduction in HbA1c (p=0.001), though the clinical significance of a 

decrease of −0.25 ± 0.32% may be debatable. Fasting insulin, 2-hour insulin and HOMA-IR 

were reduced by 52%, 37% and 51%, respectively. In addition, free and total testosterone 

was reduced by 23% and 19%, respectively. There was a slight reduction in Ferriman-

Gallwey scores (−2.1 ± 2.7, p=0.001) after the 8-week intervention.

Several blood lipids were significantly reduced. Triglycerides and VLDL cholesterol were 

reduced by 35% and 29%, respectively. HDL cholesterol (−5.7 ± 9.1 mg/dl, p=0.006) was 

also significantly reduced, but changes in total cholesterol and LDL cholesterol were not 

significant.

While there was a reduction in HDL, change in the ratio of total cholesterol/HDL was not 

significant after the 8-week diet. Mean 25-OH vitamin D levels increased 22% from pre- to 

post-study without supplementation or increased sun exposure.

Discussion

These findings show that an 8-week low starch/low dairy diet resulted in weight loss, 

increased insulin sensitivity, and reduced free and total testosterone in women with PCOS. 

Several additional outcome measures were unexpectedly improved, including a reduction in 

VLDL and triglycerides, and an increase in vitamin D levels. Considering the dietary 

intervention spanned only 8 weeks with no additional exercise recommendations, 

medications, or supplements, these improvements are both highly clinically and statistically 

significant. In addition, this dietary approached provides a possible alternative to metformin 

for patients with impaired glucose tolerance who struggle with gastrointestinal side effects 

or who are noncompliant.
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The women in the current study showed a significant reduction in body weight, body fat 

percentage and waist circumference, which could be attributed to the relatively low energy 

and/or carbohydrate intake. The anthropometric and biochemical improvements shown here 

are consistent with other studies utilizing a reduced carbohydrate diet for the treatment of 

PCOS [30,31]; however, these studies required participants to keep carbohydrates to <20 g 

per day, which may be unsustainable for many individuals. Studies have also utilized a low 

glycemic index (GI) diet in the treatment of PCOS [31–34]. A low GI diet focuses on foods 

that do not cause a spike in blood sugar to prevent a subsequent spike in insulin. However, 

neither postprandial insulin secretion nor insulin resistance was taken into consideration 

when developing the glycemic index. Therefore, a low GI diet may not be ideal for a PCOS 

population because of the insulinemic effects of some low glycemic foods [4,17,20,35]. One 

study using an ad libitum low GI diet for the treatment of PCOS followed patients until they 

lost 7% of their baseline body weight, or approximately one year [33]. The participants in 

the current study lost over 8% of their baseline bodyweight in only 8 weeks and achieved 

greater improvements in biochemical outcomes. We did not, however, measure long-term 

sustainability, so it remains unknown whether this diet is sustainable over time. Future 

studies are needed to determine the long-term sustainability of this diet and to compare 

anthropometric and biochemical outcomes after a low insulinemic diet compared to an 

isocaloric low GI diet in women with PCOS.

While the improvements in markers of insulin resistance and hyperinsulinemia may be 

related to weight loss in our study participants, some studies [36–38], but not all [39], have 

found that weight loss may be more difficult in women with PCOS, which may be related 

insulin resistance. Hyperinsulinemia is strongly associated with obesity, but whether insulin 

drives obesity or is simply a compensatory response to obesity-driven insulin resistance 

remains unknown [3,40]. Studies have shown that diet-induced hyperinsulinemia via the 

consumption of a high glycemic/high insulinemic diet promotes obesity, insulin resistance, 

and related disease [3,5,10,40,41], as well as carbohydrate craving [42] and decreased fat 

oxidation [12]. Further, one study found that pharmacological suppression of 

hyperinsulinemia in obese adults consuming and ad libitum diet resulted in weight loss and 

reduced carbohydrate intake [16]. The results of the current study demonstrate that reduction 

in insulinemic foods (starches, dairy products, and added sugars) leads to weight loss and 

increased insulin sensitivity, as well as reduced testosterone in women with PCOS. The 

improvements in insulin sensitivity and testosterone could be due to the weight loss, the diet, 

a reduction in overall energy and/or carbohydrate consumption, or a combination of the 

above. Considering all subjects had a reduction in weight, and weight and diet are 

associated, it is difficult to separate the effects of diet and weight loss on insulin sensitivity 

and testosterone levels.

Considering the distressing clinical symptoms associated with elevated androgens in women 

with PCOS, the significant decrease in free and total testosterone (Table 2), as well as 

modified Ferriman-Gallwey scores after the diet intervention and without insulin sensitizing 

or anti-androgenic medication is very clinically relevant. Lifestyle interventions that 

promote weight loss have previously been shown to improve insulin and androgen levels in 

this population [31,33]. The intervention used in this study achieved similar if not further 

reductions in weight loss and insulin and androgen levels as other lifestyle intervention 
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studies, however, many of those studies were either longer in duration [33,43] or utilized 

pharmacotherapy as an addition to the lifestyle intervention [44,45]. Further studies are 

needed to compare a low starch/low dairy diet to other lifestyle and pharmacologic 

interventions of equal duration in women with PCOS.

The majority of the participants were hoping to conceive following the intervention. 

Research has shown that maternal pre-pregnancy obesity and insulin resistance increases the 

risk of adverse pregnancy outcomes, including pre- and post-natal weight gain, 

preeclampsia, cesarean delivery, congenital abnormalities and large for gestational age 

infant [46–48], as well as development of obesity and early-onset T2D in the child [49,50]. 

Therefore, there is a need for evidence-based preconception diet and lifestyle interventions 

to help women achieve a healthy weight before pregnancy. The women in the current study 

were encouraged to consume nutrient dense food, such as lean protein, vegetables and fruits, 

and nuts and seeds, which limits the possibility of nutrient deficiencies; thus, this dietary 

approach is appropriate for women trying to conceive. Considering the improvements in 

anthropometric measures and insulin sensitivity in the women in the current study, this 

dietary approach may be an effective preconception strategy to help overweight and obese 

women with PCOS reach a healthy weight before pregnancy. Unfortunately, it is out of the 

scope of this study to make any definitive statements about the ability of this type of diet to 

improve pregnancy outcomes in these adult women.

The major weakness of this study design was lack of a control group. In this study, the 

subjects served as their own controls through the utilization of the pre/post testing study 

design. Future studies are needed to determine if similar results are reproducible in a larger 

study group in comparison to age-matched, BMI-matched controls ingesting a comparable 

caloric standard diet or low glycemic index diet. Additionally, we did not measure any 

satiety hormones or adipokines in this study. Future studies should include analysis of 

changes in C-peptide, calcium, ghrelin, glucagon like peptide-1, peptide YY, leptin, 

adiponectin and kisspeptin after the dietary intervention. Additionally, future studies could 

assess hunger and fullness through a validated Visual Analog Scale (VAS) to determine 

whether this diet increases subjective satiety.

Conclusion

In conclusion, an 8-week diet eliminating insulinemic foods resulted in anthropometric 

improvements including weight loss, a reduction in waist circumference, and body fat loss in 

an overweight and obese PCOS population. This diet also led to improvements in insulin 

sensitivity as determined by HOMA-IR and a reduction in total and free testosterone in 

women with PCOS. Considering this dietary intervention allowed for ad libitum intake 

without calorie or carbohydrate counting or medications, these improvements are promising, 

especially since weight loss is difficult in a PCOS population. Further research is needed 

regarding the reduction or elimination of insulinemic foods as a treatment for 

hyperinsulinemia and insulin resistance in overweight and obese women with PCOS.

Phy et al. Page 7

J Obes Weight Loss Ther. Author manuscript; available in PMC 2015 July 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Acknowledgments

Support for this study was provided by the Laura W. Bush Institute for Women’s Health and University Medical 
Center Research Scholar Grant, Lubbock, TX. A.P. was federally funded during a portion of the manuscript 
development by the Eunice Kennedy Shriver National Institute of Child Health & Human Development (NICHD) 
as an NRSA postdoctoral fellow under an institutional training grant (T32HD055163, PI: Berenson).

References

1. Teede H, Deeks A, Moran L. Polycystic ovary syndrome: a complex condition with psychological, 
reproductive and metabolic manifestations that impacts on health across the lifespan. BMC Med. 
2010; 8:41. [PubMed: 20591140] 

2. Barber TM, McCarthy MI, Wass JA, Franks S. Obesity and polycystic ovary syndrome. Clin 
Endocrinol (Oxf). 2006; 65:137–145. [PubMed: 16886951] 

3. Mehran AE, Templeman NM, Brigidi GS, Lim GE, Chu KY, et al. Hyperinsulinemia drives diet-
induced obesity independently of brain insulin production. Cell Metab. 2012; 16:723–737. 
[PubMed: 23217255] 

4. Holt SH, Miller JC, Petocz P. An insulin index of foods: the insulin demand generated by 1000-kJ 
portions of common foods. Am J Clin Nutr. 1997; 66:1264–1276. [PubMed: 9356547] 

5. Le Stunff C, Bougnères P. Early changes in postprandial insulin secretion, not in insulin sensitivity, 
characterize juvenile obesity. Diabetes. 1994; 43:696–702. [PubMed: 8168647] 

6. Sigal RJ, El-Hashimy M, Martin BC, Soeldner JS, Krolewski AS, et al. Acute postchallenge 
hyperinsulinemia predicts weight gain: a prospective study. Diabetes. 1997; 46:1025–1029. 
[PubMed: 9166675] 

7. Saltiel AR1. Insulin resistance in the defense against obesity. Cell Metab. 2012; 15:798–804. 
[PubMed: 22682220] 

8. Diamanti-Kandarakis E, Dunaif A. Insulin resistance and the polycystic ovary syndrome revisited: 
an update on mechanisms and implications. Endocr Rev. 2012; 33:981–1030. [PubMed: 23065822] 

9. Shanik MH, Xu Y, Skrha J, Dankner R, Zick Y, et al. Insulin resistance and hyperinsulinemia: is 
hyperinsulinemia the cart or the horse? Diabetes Care. 2008; 31(Suppl 2):S262–268. [PubMed: 
18227495] 

10. Heller RF, Heller RF. Hyperinsulinemic obesity and carbohydrate addiction: the missing link is the 
carbohydrate frequency factor. Med Hypotheses. 1994; 42:307–312. [PubMed: 7935072] 

11. Galgani JE, Moro C, Ravussin E. Metabolic flexibility and insulin resistance. Am J Physiol 
Endocrinol Metab. 2008; 295:E1009–1017. [PubMed: 18765680] 

12. Whigham LD, Butz DE, Dashti H, Tonelli M, Johnson LK, et al. Metabolic evidence of diminished 
lipid oxidation in women with polycystic ovary syndrome. Current Metabolomics. 2013; 1:269–
278.

13. Guilherme A, Virbasius JV, Puri V, Czech MP. Adipocyte dysfunctions linking obesity to insulin 
resistance and type 2 diabetes. Nat Rev Mol Cell Biol. 2008; 9:367–377. [PubMed: 18401346] 

14. Zurlo F, Lillioja S, Esposito-Del Puente A, Nyomba BL, Raz I, et al. Low ratio of fat to 
carbohydrate oxidation as predictor of weight gain: study of 24-h RQ. Am J Physiol. 1990; 
259:E650–657. [PubMed: 2240203] 

15. Seidell JC, Muller DC, Sorkin JD, Andres R. Fasting respiratory exchange ratio and resting 
metabolic rate as predictors of weight gain: The baltimore longitudinal study on aging. 
International journal of obesity and related metabolic disorders: journal of the International 
Association for the Study of Obesity. 1992; 16:667–674.

16. Velasquez-Mieyer PA, Cowan PA, Arheart KL, Buffington CK, Spencer KA, et al. Suppression of 
insulin secretion is associated with weight loss and altered macronutrient intake and preference in 
a subset of obese adults. International Journal of Obesity. 2003; 27:219–226. [PubMed: 12587002] 

17. Kopp W. High-insulinogenic nutrition--an etiologic factor for obesity and the metabolic syndrome? 
Metabolism. 2003; 52:840–844. [PubMed: 12870158] 

Phy et al. Page 8

J Obes Weight Loss Ther. Author manuscript; available in PMC 2015 July 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



18. Bao J, de Jong V, Atkinson F, Petocz P, Brand-Miller JC. Food insulin index: physiologic basis for 
predicting insulin demand evoked by composite meals. Am J Clin Nutr. 2009; 90:986–992. 
[PubMed: 19710196] 

19. Nimptsch K, Brand-Miller JC, Franz M, Sampson L, Willett WC, et al. Dietary insulin index and 
insulin load in relation to biomarkers of glycemic control, plasma lipids, and inflammation 
markers. Am J Clin Nutr. 2011; 94:182–190. [PubMed: 21543531] 

20. Galgani JE, Valentino G. Should insulin resistance degree be taken into account for assessment of 
glycemic index? Am J Clin Nutr. 2013; 97:902–903. [PubMed: 23515393] 

21. Gannon MC, Nuttall FQ, Westphal SA, Fang S, Ercan-Fang N. Acute metabolic response to high-
carbohydrate, high-starch meals compared with moderate-carbohydrate, low-starch meals in 
subjects with type 2 diabetes. Diabetes Care. 1998; 21:1619–1626. [PubMed: 9773720] 

22. Hoyt G, Hickey MS, Cordain L. Dissociation of the glycaemic and insulinaemic responses to 
whole and skimmed milk. Br J Nutr. 2005; 93:175–177. [PubMed: 15788109] 

23. Nuttall FQ, Gannon MC. Dietary management of type 2 diabetes: a personal odyssey. J Am Coll 
Nutr. 2007; 26:83–94. [PubMed: 17536119] 

24. Hoppe C, Mølgaard C, Juul A, Michaelsen KF. High intakes of skimmed milk, but not meat, 
increase serum IGF-I and IGFBP-3 in eight-year-old boys. Eur J Clin Nutr. 2004; 58:1211–1216. 
[PubMed: 15054433] 

25. Hoppe C, Mølgaard C, Vaag A, Barkholt V, Michaelsen KF. High intakes of milk, but not meat, 
increase s-insulin and insulin resistance in 8-year-old boys. Eur J Clin Nutr. 2005; 59:393–398. 
[PubMed: 15578035] 

26. Hoppe C, Mølgaard C, Dalum C, Vaag A, Michaelsen KF. Differential effects of casein versus 
whey on fasting plasma levels of insulin, IGF-1 and IGF-1/IGFBP-3: results from a randomized 7-
day supplementation study in prepubertal boys. Eur J Clin Nutr. 2009; 63:1076–1083. [PubMed: 
19471293] 

27. Melnik BC, Schmitz G, John S, Carrera-Bastos P, Lindeberg S, et al. Metabolic effects of milk 
protein intake strongly depend on pre-existing metabolic and exercise status. Nutr Metab (Lond). 
2013; 10:60. [PubMed: 24225036] 

28. Ferriman D, Gallwey JD. Clinical assessment of body hair growth in women. J Clin Endocrinol 
Metab. 1961; 21:1440–1447. [PubMed: 13892577] 

29. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, et al. Homeostasis model 
assessment: Insulin resistance and beta-cell function from fasting plasma glucose and insulin 
concentrations in man. Diabetologia. 1985; 28:412–419. [PubMed: 3899825] 

30. Hays JH, DiSabatino A, Gorman RT, Vincent S, Stillabower ME. Effect of a high saturated fat and 
no-starch diet on serum lipid subfractions in patients with documented atherosclerotic 
cardiovascular disease. Mayo Clin Proc. 2003; 78:1331–1336. [PubMed: 14601690] 

31. Mavropoulos JC, Yancy WS, Hepburn J, Westman EC. The effects of a low-carbohydrate, 
ketogenic diet on the polycystic ovary syndrome: a pilot study. Nutr Metab (Lond). 2005; 2:35. 
[PubMed: 16359551] 

32. Mehrabani HH, Salehpour S, Amiri Z, Farahani SJ, Meyer BJ, et al. Beneficial effects of a high-
protein, low-glycemic-load hypocaloric diet in overweight and obese women with polycystic 
ovary syndrome: a randomized controlled intervention study. J Am Coll Nutr. 2012; 31:117–125. 
[PubMed: 22855917] 

33. Marsh KA, Steinbeck KS, Atkinson FS, Petocz P, Brand-Miller JC. Effect of a low glycemic index 
compared with a conventional healthy diet on polycystic ovary syndrome. Am J Clin Nutr. 2010; 
92:83–92. [PubMed: 20484445] 

34. Westman EC, Yancy WS Jr, Mavropoulos JC, Marquart M, McDuffie JR. The effect of a low-
carbohydrate, ketogenic diet versus a low-glycemic index diet on glycemic control in type 2 
diabetes mellitus. Nutr Metab (Lond). 2008; 5:36. [PubMed: 19099589] 

35. Lan-Pidhainy X, Wolever TM. Are the glycemic and insulinemic index values of carbohydrate 
foods similar in healthy control, hyperinsulinemic and type 2 diabetic patients? Eur J Clin Nutr. 
2011; 65:727–734. [PubMed: 21427735] 

Phy et al. Page 9

J Obes Weight Loss Ther. Author manuscript; available in PMC 2015 July 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



36. Moran LJ, Noakes M, Clifton PM, Wittert GA, Tomlinson L, et al. Ghrelin and measures of satiety 
are altered in polycystic ovary syndrome but not differentially affected by diet composition. J Clin 
Endocrinol Metab. 2004; 89:3337–3344. [PubMed: 15240612] 

37. Robinson S, Chan SP, Spacey S, Anyaoku V, Johnston DG, et al. Postprandial thermogenesis is 
reduced in polycystic ovary syndrome and is associated with increased insulin resistance. Clin 
Endocrinol (Oxf). 1992; 36:537–543. [PubMed: 1424179] 

38. Schöfl C, Horn R, Schill T, Schlösser HW, Müller MJ, et al. Circulating ghrelin levels in patients 
with polycystic ovary syndrome. J Clin Endocrinol Metab. 2002; 87:4607–4610. [PubMed: 
12364442] 

39. Segal KR, Dunaif A. Resting metabolic rate and postprandial thermogenesis in polycystic ovarian 
syndrome. Int J Obes. 1990; 14:559–567. [PubMed: 2228390] 

40. Sigal RJ, El-Hashimy M, Martin BC, Soeldner JS, Krolewski AS, et al. Acute postchallenge 
hyperinsulinemia predicts weight gain: a prospective study. Diabetes. 1997; 46:1025–1029. 
[PubMed: 9166675] 

41. Isken F, Klaus S, Petzke KJ, Loddenkemper C, Pfeiffer AF, et al. Impairment of fat oxidation 
under high- vs. low-glycemic index diet occurs before the development of an obese phenotype. 
Am J Physiol Endocrinol Metab. 2010; 298:E287–295. [PubMed: 19934403] 

42. Brandes JS. Insulin induced overeating in the rat. Physiol Behav. 1977; 18:1095–1102. [PubMed: 
928532] 

43. Pasquali R, Gambineri A, Cavazza C, Ibarra Gasparini D, Ciampaglia W, et al. Heterogeneity in 
the responsiveness to long-term lifestyle intervention and predictability in obese women with 
polycystic ovary syndrome. Eur J Endocrinol. 2011; 164:53–60. [PubMed: 20956435] 

44. Panidis D, Tziomalos K, Papadakis E, Chatzis P, Kandaraki EA, et al. The role of orlistat 
combined with lifestyle changes in the management of overweight and obese patients with 
polycystic ovary syndrome. Clinical Endocrinology. 2013

45. Otta CF, Wior M, Iraci GS, Kaplan R, Torres D, et al. Clinical, metabolic, and endocrine 
parameters in response to metformin and lifestyle intervention in women with polycystic ovary 
syndrome: A randomized, double-blind, and placebo control trial. Gynecological Endocrinology. 
2010; 26:173–178. [PubMed: 20148739] 

46. Rosenberg TJ, Garbers S, Chavkin W, Chiasson MA. Prepregnancy weight and adverse perinatal 
outcomes in an ethnically diverse population. Obstet Gynecol. 2003; 102:1022–1027. [PubMed: 
14672480] 

47. Ovesen P, Rasmussen S, Kesmodel U. Effect of prepregnancy maternal overweight and obesity on 
pregnancy outcome. Obstet Gynecol. 2011; 118:305–312. [PubMed: 21775846] 

48. Honein MA, Devine O, Sharma AJ, Rasmussen SA, Park S, et al. Modeling the potential public 
health impact of prepregnancy obesity on adverse fetal and infant outcomes. Obesity (Silver 
Spring). 2013; 21:1276–1283. [PubMed: 23913736] 

49. Whitaker RC. Predicting preschooler obesity at birth: the role of maternal obesity in early 
pregnancy. Pediatrics. 2004; 114:e29–36. [PubMed: 15231970] 

50. Boney CM, Verma A, Tucker R, Vohr BR. Metabolic syndrome in childhood: association with 
birth weight, maternal obesity, and gestational diabetes mellitus. Pediatrics. 2005; 115:e290–296. 
[PubMed: 15741354] 

Phy et al. Page 10

J Obes Weight Loss Ther. Author manuscript; available in PMC 2015 July 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Phy et al. Page 11

Table 1

Nutritional analysis of food logs (n=24).

Mean ± SD

Energy (kcal) 1422 ± 199

Total Fat (g) 72.1 ± 16.5

MUFA (g) 31.9 ± 9.1

PUFA (g) 15.8 ± 6.8

SFA (g) 19.5 ± 7.5

Carbohydrate (g) 94.3 ± 22.8

Fiber (g) 24.4 ± 6.6

Protein (g) 98.0 ± 25.1

MUFA: Monounsaturated Fat; PUFA: Polyunsaturated Fat; SFA: Saturated Fat
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Table 2

Change in anthropometric and biochemical outcomes after diet intervention (n=24).

Baseline Week 8 Change

Mean(±SD) Mean(±SD) Mean(±SD) P valuea

Weight (kg) 102.1 ± 17.4 93.5 ± 16.9 −8.6 ± 2.3 <0.0001

BMI (kg/m2) 38.3 ± 5.5 35.1 ± 5.5 −3.2 ± 0.9 <0.0001

Waist circumference (cm) 109.8 ± 13.1 101.4 ± 12.3 −8.4 ± 3.1 <0.0001

Waist-to-height ratio 0.67 ± 0.08 0.62 ± 0.07 −0.05 ± 0.02 <0.0001

% Fat Mass 46.3 ± 6.8 44.6 ± 4.7 −1.5 ± 2.8 0.02

Glucose fasting (mg/dl) 95.0 ± 19.6 86.0 ± 8.4 −8.9 ± 17.1 0.01

Glucose 120min (mg/dl) 128.0 ± 67.7 114.9 ± 33.7 −13.1 ± 54.3 NS

Insulin fasting (μg/mL) 32.7 ± 17.7 15.7 ± 6.8 −17.0 ± 13.6 <0.0001

Insulin 120min (μg/mL) 225.8 ± 229.4 142.9 ± 93.4 −82.8 ± 177.7 0.03

HOMA-IR 3.9 ± 1.5 1.9 ± 0.9 −1.9 ± 1.2 <0.0001

HgbA1c (%) 5.5 ± 0.4 5.2 ± 0.4 −0.3 ± 0.3 0.001

Total cholesterol (mg/dl) 195.9 ± 27.6 186.7 ± 27.2 −9.3 ± 25.5 0.09

VLDL cholesterol (mg/dl) 32.4 ± 15.8 21.7 ± 6.7 −9.3 ± 13.4 <0.0001

LDL cholesterol (mg/dl) 127.7 ± 25.8 124.7 ± 21.6 −2.3 ± 20.5 NS

HDL cholesterol (mg/dl) 47.6 ± 13.0 41.9 ± 10.1 −5.7 ± 9.1 0.006

Triglycerides (mg/dl) 162.8 ± 79.1 108.2 ± 34.0 −57.0 ± 9.1 <0.0001

Total testosterone (ng/dl) 53.3 ± 24.5 43.3 ± 17.6 −10.0 ± 17.0 0.008

Free testosterone (pg/dl) 7.8 ± 4.8 6.0 ± 2.1 −1.8 ± 3.9 0.04

25-OH Vitamin D (ngl/mL) 20.3 ± 10.9 24.7 ± 12.2 +4.4 ± 6.4 0.003

Ferriman Gallwey Score 11.9 ± 6.8 9.8 ± 6.5 −2.1 ± 2.7 0.007
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