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Abstract: Polycystic ovary syndrome (PCOS) is the most common endocrine disorder experienced
by women. PCOS is a lifelong condition associated with reproductive, metabolic, and psychological
presentations. PCOS is also linked with increased prevalence of cardiometabolic risk factors. While
an association between body weight and PCOS has been noted, cardiometabolic risk factors are
prevalent in individuals with PCOS across body weights. Currently, no consensus exists as to the
most appropriate lifestyle strategy for mitigating cardiometabolic risk in PCOS. A large proportion of
the literature is focused on weight loss for individuals with PCOS who are overweight or experience
obesity, despite PCOS being prevalent across body sizes. The aim of this narrative review is to assess
dietary and lifestyle interventions aimed at reducing cardiometabolic risk in individuals with PCOS
across body sizes. A total of 51 articles are included in this review. Overall, randomized controlled
trials are limited and most studies focus on weight loss, excluding individuals classified within a
healthy body weight range. Studies that modified the dietary pattern without an energy deficit saw
improvements in cardiometabolic risk. Thus, less restrictive dietary approaches may be effective
at reducing cardiometabolic risk in this population. This review also highlights the need for more
sustainable lifestyle interventions that meet the needs of individuals with PCOS of varying body
weights.

Keywords: polycystic ovary syndrome; cardiometabolic risk; body weight; weight management;
dietary patterns

1. Introduction

Polycystic ovary syndrome (PCOS) is the most common endocrine disorder expe-
rienced by women, affecting up to 20% of reproductive age women worldwide [1,2].
PCOS is characterized and diagnosed by the presence of menstrual irregularities, hy-
perandrogenism, and polycystic ovaries [2]. The symptoms experienced by individuals
with PCOS vary but can include infertility; hirsutism, or excessive hair growth in areas
males tend to have hair; thinning hair; weight gain or difficulty losing weight; acne
or oily skin; and acanthosis nigricans, a thickening of dark patches on the skin [2].
PCOS is a lifelong condition associated with reproductive, metabolic, and psychological
presentations [1,3,4].

PCQOS is the most common cause of anovulatory infertility, presenting in approximately
75% of individuals with PCOS [5,6]. With such a large prevalence of infertility within the
PCOS population, much of the literature has discussed strategies to improve reproductive
outcomes [5,7]. Historically, PCOS has been thought solely as a reproductive disorder
associated with infertility [8] and pregnancy complications [9]. However, the current
understanding has shifted to recognize PCOS as a lifelong condition associated with
several comorbidities.

Nutrients 2023, 15, 5069. https:/ /doi.org/10.3390/nu15245069

https:/ /www.mdpi.com/journal /nutrients


https://doi.org/10.3390/nu15245069
https://doi.org/10.3390/nu15245069
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com
https://doi.org/10.3390/nu15245069
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com/article/10.3390/nu15245069?type=check_update&version=1

Nutrients 2023, 15, 5069

2 of 36

PCOS is linked with increased prevalence of cardiometabolic risk factors, including
dyslipidemia [10-13], hypertension [13-15], chronic inflammation, and impaired glucose
tolerance [16,17], as well as overweight and obesity [18,19]. Individuals with PCOS have
been shown to have higher body weight [20], fat mass [21], body fat percentage [10,22],
body mass index (BMI) [14,20,23,24], waist circumference (WC) [10,20], and waist-to-hip
ratio (WHR) [10,11,15,20,23-25] compared to individuals without PCOS. For instance, a
recent systematic review and meta-analysis estimated the pooled prevalence of overweight
and obesity among individuals with PCOS to be 61% (95% CI: 54—68%) and 49% (95% CI:
42-55%), respectively [18].

While an association between body weight and PCOS has been noted [18], car-
diometabolic risk factors are prevalent in individuals with PCOS across varying body
weights [19,26], implying that PCOS may be a significant risk factor for cardiovascular
disease and type 2 diabetes, regardless of weight and BMI [19]. Insulin resistance ap-
pears to be a large driver of these risk factors, with nearly 75% of individuals with PCOS
estimated to have some degree of insulin resistance [27]. Individuals with PCOS have
presented with significantly higher glucose concentrations [21], post-load glucose [10,20,28],
insulin concentrations [10,15,20-22,24,29,30], post-load insulin [10,25,31], and insulin resis-
tance [10,14,20,21,29] than individuals without PCOS. Additionally, the homeostatic model
assessment for insulin resistance (HOMA-IR), a marker of insulin resistance, has been
positively associated with BMI [10,20,23,29] among individuals with PCOS.

Having a higher BMI appears to exacerbate insulin resistance by approximately 15%
in individuals with PCOS [32]. Yet the correlation between BMI and insulin resistance has
also been observed in controls without PCOS [10,29], suggesting that BMI is likely not
the sole contributor to the higher prevalence of cardiometabolic risk factors observed in
individuals with PCOS. Furthermore, observational studies that included BMI-matched
controls still identified a higher prevalence of cardiometabolic risk factors in individuals
with PCOS, irrespective of BMI [10,21,28-31]. Additionally, observational studies that
have included individuals with PCOS with a healthy BMI (18.5-24.9 kg/ m?) still iden-
tified a higher prevalence of cardiometabolic risk factors between individuals with and
without PCOS [10,11,21-23,25,28,30,31,33]. This suggests that weight and BMI alone likely
do not explain the prevalence of cardiometabolic risk factors observed in the PCOS pop-
ulation. The level of central adiposity likely plays a key role in cardiometabolic risk, as
insulin resistance has been associated with higher levels of central adiposity in the PCOS
population [32,34-36].

As the research literature demonstrates that dietary intake is a modifiable risk factor
for cardiometabolic risk [37,38], the dietary intakes of individuals with and without PCOS
have been explored. Despite individuals with PCOS having a higher prevalence of car-
diometabolic risk factors, a systematic review and meta-analysis of 39,471 women with
PCOS found that individuals with PCOS overall had comparable total energy, carbohydrate,
fat, and protein intakes than individuals without PCOS [39]. Thus, energy intake alone
may not be able to explain the higher prevalence of cardiometabolic risk in individuals
with PCOS.

Yet observational studies suggest that the dietary intakes for individuals with PCOS
may be associated with disease severity [14,21,40], including inflammatory status [21], in-
sulin resistance [21,40], hirsutism [40], and cardiovascular health [14]. Lower intakes of key
nutrients associated with health, such as complex carbohydrates [21], fiber [11,21,23,25,28],
unsaturated fatty acids [21], omega-3 polyunsaturated fatty acids [15,21], vitamin A, folate,
vitamin C [11], vitamin D, and magnesium [39], have been reported for individuals with
PCOS compared to individuals without. Moreover, higher intakes of nutrients associated
with poorer health outcomes, such as simple carbohydrates [21] and saturated fatty acids,
have been reported for individuals with PCOS [21]. Furthermore, individuals with PCOS
have been found to have a larger intake of foods high in salt, sugar, fat, and energy, with
little to no protein, vitamins or minerals [25]. Furthermore, a higher adherence to an
anti-inflammatory dietary pattern has been linked to lower PCOS risk [11,39,41]. Overall,
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women with PCOS have either poorer or comparable intakes of major food groups, includ-
ing grains, fruits, vegetables, proteins, seeds, nuts, and dairy [39], as well as micronutrients,
calcium, zing, iron, folic acid, and vitamin D [39], suggesting room for improvement in the
overall dietary patterns of individuals with PCOS.

While a healthy lifestyle is vital for the management of PCOS, currently, no consensus
exists as to the most appropriate lifestyle strategy for managing PCOS. A large proportion
of the literature is focused on weight loss for individuals with PCOS [42-45], despite PCOS
being prevalent across body sizes [18,46]. Similarly, the literature tends to only include
overweight or obese individuals as study participants [18,39,43,47]. Yet the overall relation-
ship with PCOS and obesity is quite complex [4]. With a large proportion of research being
conducted in medical centers [4,18,39], individuals at higher body weights may present
with worse clinical presentations and perhaps are more likely to be diagnosed [18], referred
to other providers [4,48,49], and ultimately included in the research. When comparing
the prevalence of obesity in individuals with PCOS in medically unbiased or unreferred
populations, the BMI distribution between individuals with and without PCOS appears to
be more similar [4,48,49]. Thus, the overall understanding of PCOS management among
individuals with different BMIs is greatly limited.

Additionally, individuals with PCOS have higher psychological concerns, including
body image distress and disordered eating [1,50-54], making weight-focused interventions
potentially inappropriate. Furthermore, weight loss interventions may not be sustainable
and potentially lead to greater risk in the long term [55-59]. Lastly, there are benefits to
a healthy lifestyle even in the absence of weight loss [1]. Thus, understanding lifestyle
approaches that improve cardiometabolic risk but perhaps are not solely focused on weight
loss are needed for this population to understand future directions for the nutritional
management of PCOS. The 2023 International Evidence-Based Guidelines for the Assess-
ment and Management of PCOS recommends that healthy lifestyle behaviors should be
recommended to all women with PCOS and should be tailored to allow for a flexible,
individual approach that avoids unduly restrictive or nutritionally unbalanced diets [1].
Thus, the aim of this narrative review is to assess the dietary and lifestyle interventions
aimed at reducing cardiometabolic risk in individuals with PCOS across body sizes.

2. Methods

A literature search was conducted between June 2021 and April 2023 using PubMed
and CINAHL to identify intervention studies that examined the relationship between
lifestyle and cardiometabolic risk factors in individuals with PCOS. PubMed MeSH search
terms with Boolean functions included “polycystic ovary syndrome” AND “diet” OR
“exercise” AND “heart disease risk factors” OR “glucose metabolism disorders.” The search
was limited to original human subjects research published in English between 1989 and
2023. Intervention studies were included if they targeted adult individuals with PCOS
across weight and BMI ranges. Furthermore, selected studies must have included at least
one anthropometric measure (body weight, BMI, WC, or body composition), as well as one
biochemical (lipid profile and insulin or glucose concentrations) or clinical (blood pressure)
marker in their outcomes. By including studies that measured at least one biochemical
or clinical marker in addition to one anthropometric measure, we identified studies that
looked at measures of cardiometabolic risk other than solely body weight, as our purpose
was to review the literature on lifestyle interventions to mitigate cardiometabolic risk for
individuals with PCOS across body sizes.



Nutrients 2023, 15, 5069

4 of 36

Studies were excluded if they were not published in English, examined adolescents,
or did not contain at least one anthropometric measure as well as either a biochemical or
clinical marker. Additionally, studies were excluded if the primary intervention included a
vitamin, mineral, herbal supplement, or medication. Studies were categorized and orga-
nized into solely dietary interventions or lifestyle interventions. Dietary interventions were
defined as interventions that modified different components of the diet, including energy
intake, macronutrient composition, dietary pattern, or eating behavior, whereas lifestyle
interventions modified the diet (as defined above) and included an additional behavioral
modification (e.g., exercise or cognition). Dietary intervention studies were organized by
the component of the diet altered. Lifestyle intervention studies were organized by the
type of dietary and lifestyle behavior that was modified.

3. Results

A total of 51 studies (37 dietary intervention, 14 lifestyle intervention) were included
in this review. The dietary strategies utilized varied widely, spanning from dietary changes
in the form of energy restrictions to modifications of the dietary patterns without energy
restriction. The additional behavioral modifications of the lifestyle varied widely and
included structured and unstructured exercise, as well as cognitive behavior therapy
interventions. There were a variety of diagnostic criteria used to diagnosis PCOS across
studies, including Rotterdam, the 1990 National Institute of Health, and Androgen Excess
Society criteria. A large majority of the studies diagnosed PCOS utilizing the Rotterdam
criteria (55%). The studies included in the review are discussed below.

3.1. Dietary Interventions

As summarized in Table 1, the studies have examined the impact of dietary interven-
tions on cardiometabolic risk factors in individuals with PCOS. These dietary interventions
include changes in energy restriction, macronutrient distribution, dietary pattern, eating
behavior, energy restriction and macronutrient distribution, and energy restriction and
dietary pattern.
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Table 1. Dietary intervention studies to improve cardiometabolic risk in individuals with polycystic ovary syndrome.

Cardiometabolic

Covariates

Reference Design Participants Intervention Outcomes Results/Conclusions Considered Limitations
Energy-Restricted Diets
Very Low-Calorie Diets
Five individuals with PCOS 2 At 2 weeks, both PCOS and control groups:
(BMI® > 30.0 kg/m?), diagnosed PCOS group: . 1 body weight (—5.2 + 2.4 kg in PCOS group;
Kiddy and by presence of hirsutism, —4.3 £ 1.0 kg in control).
colleaygues (1989)  Intervention polycystic ovaries on ultrasound, 330 keal/d for 4 weeks. Anthropometric At 4 weeks, PCOS group Small sample size and
[60] and raised serum testosterone or Control group: measures and insulin. . short study duration.
luteinizing hormone (LH), or . 330 keal/d for 2 weeks . | body weight (7.1 £+ 2.8 kg).
both, and six controls (mean BMI: ' Compared to the control group, PCOS:
255+22). . J insulin (p < 0.05).
T, . Small sample size,
Single-arm gBXol Illcgh/vrl:zl)milslyglr?;sig(gi (ML Compared to baseline: short duration, no
Hamilton-Fairley interven- presence of hirsutism, polycystic 350 kcal/d for 1 month. BOdY welght, glucose, . | body weight (mean —6.6%, range 2.2-9.2%); control sroup, and no
(1993) [61] tion ovaries on ultrasound, and raised and insulin. . | sum of insulin concentration during OGTT ¢ (pre: demographic
serum testosterone or LH or both. 416 = 34, post: 201 £ 129 mU/L; p < 0.03). information of
participants.
A total of 15 individuals with Anthropomiatrlc . Stratified b
Van Dam and PCOS (BMI > 30.0 kg/m?),20-38 470 kcal/d for ~29 weeks (until sl ovelation | Compared to baseline: re;;(‘)fdersyan d  Small sample size and
i i i ici 0 i ’ . . . .
Cg);leagues (2004) Intervention years, dlagfnpsfls b'ala'sed qnh Eazltlupa'r\t}s1 lost 10% of baseline (responder) or no . | BMI, glucose, insulin, and HOMA-IR ¢ with no sig. non- no control group.
[62] S{:jg::; ;)erglrr?rttelstgysg;(t)ne ody weight). ovulation difference between responders and non-responders. responders.
) (non-responder).
Compared to baseline:
Interventions differed according . J body weight (pre: 91.9 + 14.5, post: 85.0 4 13.2 kg;
to BMI: p <0.001);
A total of 24 individuals with BMI > 30.0 kg/m?: *  insulin (median (range) mU/L: 9.1 (01-31.2) to 4.9 Stratified by
0.1-19.6); 0.05); i
Kiddy and PCOS (BMI > 25.0 kg/m?), e 330kcal/d for 4 weeks; Anthropometric Ensulin rgs{;:nse tg oral glucose (426 (46-1113) to 141 those who lost SCI)I:;E ?arlrg)le salazrfcll "
colleagues (1992)  Intervention diagnosed by polycystic ovaries . Followed by 1000 kcal/d measures, insulin, and (47-918) mU/L; p < 0.05) >5% of initial high Oﬂ%iti url‘a Tat
[63] on ultrasound and raised serum low-fat diet for 6 months. glucose. o Nt . . body weight vs. (41gly )a on rate
LH or testosterone, or both. BMI 25.0-30.0 kg /m?: Com_pared to participants ‘w.ho did not lose >5% of the%r <5%. °)-
starting body weight, participants who lost >5% of their
. 1000 kcal low-fat diet for starting body weight:
7 months. . | fasting (p = 0.018) and glucose-stimulated insulin
(p <0.03).
Compared to baseline:
intgﬁigijﬁns ggfézfd/acgording . 1 body weight (92 to 86 kg; p < 0.001) and insulin
o : > 0.0 kg/m™: 123 t0 3.4 mU/L; p = 0.018).
total o irsute individuals . - . ) tratifie
A total of 144 hi individual . 500 kcal/d for 4 weeks; C ( d /Lip hod c)i 1 5% of th Stratified by
Tolino and with PCOS (BMI > 25.0 kg /m?), . followed by 1000 keal /d Anthropometric ompared to participants who did not lose >5% of their those who lost No control group and
colleagues (2005) Intervention diagnosed by polycystic ovaries low-fat diet for 6 months measures, glucose, starting body weight, participants who lost >5% of starting 550, of initial high attrition rate
[64] on ultrasound and elevated LH or ) ’ and insulin. body weight: body weight vs.  (41%).
testosterone. BMI 25.0-30.0 kg/m*: . | insulin response to oral glucose (427 to 142 mU/L;p ~ <5%.

. 1000 kcal low-fat diet for
7 months.

< 0.05), fasting insulin, (12.3 to 3.4 mU/L; p = 0.018),
and glucose-stimulated insulin (427 to 142 mU/L;
p <0.03).
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Table 1. Cont.

Reference Design Participants Intervention Cardiometabolic Results/Conclusions Covarlates Limitations
Outcomes Considered
After 4 weeks, compared to baseline:
Nine indivicguals with PCOS (BMI Two-phase intervention e | BMI(—8%;p <0.01), body fat (—13%; p < 0.01), TC e
. >30.0 kg/m°), ages 22-39 years, P . (—~29%; p = 0.001), TG f (—31%; p < 0.05), glucose Small sample size, no
Andersen and Smgle—arm diagnosed by po!ycystlc ovaries . 421 kcal/d for 4 weeks; Anthropom.et.rlc ) (—=6%; p < 0.05), and insulin (—20%; p < 0.05); control group, and
colleagues (1995) interven- on ultrasound with ° 1000~15,000 kcal/d for measures, lipid profile, 1 insulin sensitivity (93%; p < 0.05). hich attrition ,r ate
[65] tion oligomenorrhea/amenorrhea, 20 weeks. and insulin sensitivity. . 33%7
hirsutism, elevated LH, or After 24 weeks, compared to baseline: (33%).
hyperandrogenemia. . No difference in body weight, TG, or TC;
. 71 insulin sensitivity (86%; p < 0.05).
Three-phase intervention, each for
Retrospective 4 weeks:
. hart A total of 25 individuals with . Very low-calorie ketogenic . P . . .
M. d chat otal o s ery 8 Anth t At 3 months, compared to baseline: Limited d d
Colal%&;g?ller:(aerIZZ) review of PCOS (BML: 30-34.9 kg/ m?), ages diet (600_800 l.(cal/ 4y mr(;asfl(;g;) rﬁ;igcproﬁle ° IWCg( <p0 05), BMI (p < 0.05), and HOMA-IR d;rdn;lgt dlls‘(]:flrssslty -
[66] ?)—month > 18 years, dlggn.osed by . Low-calorie diet (1200-1500 glucose, and insulin. (<0 gS)P -U9), p <0.05), dietary adherence.
interven- Rotterdam criteria. kcal/d); p<00).
tion . Maintenance stage

(1500-200 keal/d).

Other Energy-Restricted Diets

A total of 13 individuals with
PCOS (BMI > 30.0 kg/m?) who
received the intervention; 21

Compared to control group, PCOS intervention:
. | body weight (—12.4 kg + 4.7; p < 0.0001), WC (pre:

Different dietary
interventions

Holte and Non- individuals with PCOS and 23 . Intervention with dietitian Anthropometric 101(95-108) cm, post: 91 (85-98) cm; p < 0.0001), and administered but not
colleagues (1995) randorlmzed controls did not receive (n =7) or Weight Watchers measures, glucose, HC ! (pre: 112 (108-116), post: 103 (98-109) cm; BMI-HiatChEd ana(liyzed se par‘;tgiy;
[67] controlin- .\ vention (BMI: 23-35 kg/m?). (n=7). and insulin. p < 0.0001); controls no discussion o h €
tervention b0 was diagnosed by e | insulin (pre: 14.8 (8.3-26.3) mU/L, post: 7.6 g‘terventl(ﬁ} or the
anovulatory menstrual cycle and (5.1-11.5) mU/L; p < 0.05) and insulin sensitivity emographic
polycystic ovaries on ultrasound. index (pre: 3.2 (2.1-4.3) post: 6.6 (5.0-8.2); p < 0.0001). characteristics.
Compared to baseline, both groups:
. J body weight (—4.3 + 3.8 kg), WC (PCOS:
—6.1 £ 6.0 cm; non-PCOS: —7.2 + 4.8 cm), TFM k
o X X (PCOS: —2.7 £ 2.5 kg; non-PCOS: —3.2 & 2.6 cm),
Moran and ?(:tgtgl 0211891 nd“;ldila(lgg/[vitg 250  Energy restricted diet w/meal Anthropon(qzei;g? lipid TFEM 1 (PCOS: —1.2 & 1.6 kg, non-PCOS: Matched for Lack of diversity and
colleagues (2007) ~ Intervention Zanpcogcg} 1o’ by replacement beverage for two me?sluresl, . 1131 —1.0 £ 2.4 kg), and TG (PCOS: —0.3 + 1.5 mmol/L; BMI and ac uo 1V?r51_y an
[68,69] g/mC{, > dlagnosed by meals/d, for 8 weeks. protre, glicose, an non-PCOS —0.2 & 0.8 mmol/L), with no sig. smoking status. small sample size.
Rotterdam criteria. HOMA-IR. difference between groups;
. No sig. change in TC, LDL-C, m HDL-C, n and glucose.
Compared to control group, PCOS:
. 71 insulin resistance after 8 weeks (p = 0.026).
Anthropometric Compared to baseline:
Moini and A total of 90 individuals with Individually designed measures anctl lT‘S“hr‘? M | body weight (responders: —7.5 £ 0.5 kg; Stratified by N trol d
ot an . PCOS (BMI > 28.0 kg/m?), ages energy-restricted diets (1000 1mprovements in non-responders —7.6 & 0.5 kg), WC (responders: responders and © controt group an
colleagues (2019) Intervention 8-40 years, diagnosed by keal/d energy deficit) for 12 menstrt‘lial cyclicity —5.6 & 0.2 cm; non-responders —5.6 + 0.1 cm), and non- gllf pa}“l’t1c1pants were
70l Rotterdam criteria. weeks. (responders) vs. no insulin (responders: —2.6 + 0.1 mU/L; responders. Infertile.

improvements
(non-responders).

non-responders: —2.9 £ 0.3 mU/L), with no sig.
different between responders and non-responders.
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Table 1. Cont.

Reference Design Participants Intervention Cardiometabolic Results/Conclusions Covarlates Limitations
Outcomes Considered
Compared to baseline:
. 1 BMI (pre: 29.8 + 6.1 kg/m?, post: 28.9 + 5.8 kg/m?;
S d A total of 22 individuals with Anh i p = 0.001), glucose (pre: 79 £ 9.6 mg/dL, post:
oares an . PCOS (BMI > 25.0 and Energy-restricted diet (500 kcal/d nthropometric 74.6 £ 8.7; p = 0.027), insulin (pre: 11.3 (8.07-15.07) No control group and
colleagues (2016) Intervention measures, lipid profile, puIU/mL, post: 5.5 (4.1-7.6) nIU/mL; p = 0.001),

[71]

<39.0 kg/m?), ages 18-35 years,
diagnosed by Rotterdam criteria.

energy deficit) for 12 weeks.

glucose, and insulin.

HOMA-IR (pre: 1.9 (1.3-3.3) molx pnU/L, post: 0.9

(0.7-1.3) molx pU/L; p =0.001), and LDL-C (pre: 89

(70-104) mg/dL, post: 86 (50-50) mg/dL; p = 0.001);
. No significant change in WC, TG, and HDL-C.

small sample size.

Macronutrient Distribution

Low Carbohydrate
Three eucaloric dietary
interventions each for 16 days
with 3 week washout: Compared to the ADA diet, the low CHO demonstrated the Small sample size
A total of 11 individuals with . . following: samp i,
Douglas and Crossover PCOS, diagnosed by 1990 ° Low CHO ° (43% CHO, Glucose, insulin, potential effect of diet
colleagues (2006) interven- Nati ;1 1 1;51 titut }le lth 15% protein, 45% fat); insulin sensitivity, and . J insulin (ADA: 17.5 + 7.2 ) IU/mL, low CHO: treatment order, and
[72] tion flt onalnstitute ot Hea . ADA P diet (56% CHO, 16% lipid profile. 14.3 + 8.2 ulU/mL; p = 0.03) and TC (ADA: short intervention
criteria. protein, 31% fat); 165.4 + 54.1 mg/dL, low CHO: 148.6 + 47.1 mg/dL; period.
e Enriched MUFA 4 diet (55% p =0.01).
CHO, 15% protein, 33% fat).
Compared to baseline, both diets demonstrated the
following:
. | body weight (standard diet: —1.30 kg, reduced
CHO: —1.66 kg, p = 0.558).
Compared to the standard diet, the reduced CHO diet
demonstrated the following:
Two eucaloric dictary o | HOMA-R (pre: 2.4 £ 2.1, post: 1.7  1.4; p < 0.001),
&‘iteﬂe;égﬁs‘;’;‘;hog weeks insulin (pre: 58.8 + 47.5 pM, post: 43.2 + 32.4 pM,
G q c A total of 30 individuals with SR Anth i p <0.001), glucose (pre: 5.30 + 0.47 mM, post:
owerand - Crossover  poog (M < 45.0 kg/m?), *  Reduced CHO diet (41% nthropometric 5.04 £ 0.47; p < 0.01), TC (pre: 4.75 + 0.84 mM, post: Relatively small
colleagues ( ) Interven- diagnosed by 1990 National CHO, 19% protein, and 40% meagure? 1pid protile, 4.22 +0.65; p < 0.001), LDL-C (pre: 2.97 + 0.84 mM, sample size.
[73] tion fat); and insulin. post: 2.56 & 0.66 mM; p < 0.01), and HDL-C (reduced

Institute of Health criteria.

Standard diet (55% CHO,
18%protein, and 27% fat).

CHO: 1.38 + 0.39 mM, post: 1.27 £ 0.39; p < 0.05);
. 1 insulin sensitivity index (pre: 6.4 & 4.2, post:
7.6 +5.0;p < 0.05).

Compared to the reduced CHO diet, the standard diet
showed the following:

. L HDL-C (pre: 1.40 + 0.40, post: 1.27 & 0.39 mM;
p <0.01);

. 71 cholesterol-to-HDL-C ratio (pre: 3.54 & 0.95, post:
3.88 + 1.16; p < 0.05).
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Table 1. Cont.

Reference Design Participants Intervention Cardiometabolic Results/Conclusions Cova.rlates Limitations
Outcomes Considered
Two eucaloric dietary
interventions each for 3 weeks, s ;
. Six pre-menopausal individuals ith 2 K hout: 4 . Cor'npared'to the higher CHO diet, the‘low—CHO/ fat
Perelman and gaor;gc(’)‘r/r;zed (BMI > 25.0 kg/m?) with PCOS, With £ week washout: . $2221255T§531? n enriched diet demonstrated the following: Limited diversity,
colleagues (2017) N - ages < 40 years, diagnosed by . LQW'CHO/ fat-enriched S . } AUCins i (450 + 140 versus 644 + 174 mU/mL 8 h; small sample size,
interven X . diet (40% CHO, 15% glucose, and lipid :
[74] . 1990 National Institute of Health : , . p =0.02) and LDL-C (—12 £ 60 mg/dL; p < 0.05). short study duration
tion criteria. protein, 45% fat); profile.
. Higher CHO diet (60%
CHO, 15% protein, 25% fat).
Protein Modification
Textured soy protein diet: Compared to the cpntrol diet, the textured soy protein diet
. 08 g protein/kg body showed the following:
weight (35% animal protein, . | body weight (—0.7 & 1.5 versus +0.1 & 1.2 kg;
35% textured soy protein, p=0.02), BMI (—0.3 & 0.6 versus +0.1 £ 0.5 kg/m?;
30% vegetable proteins) for Anth - p=0.02), WC (-1.2 + 1.7 versus +0.1 + 1.3 cm;
Karamali and Randomized 60 individuals with PCOS, ages 8 weeks nthropome rllc' p =0.002), HC (__1-6 + 1.8 versus +0.2 + 1.4 cm; BM], age, Did not include a
colleagues (2018)  controlled ~ 18-40 years, PCOS diagnosed by o ;ﬁiﬁ‘iﬁei;?i‘;i?%ue P4<80£0118)r6 msuhln L(;15~0 joE(}gi()) s R PCOS group that was not on
[75] trial Rotterdam criteria ot ’ 4 +4. -6 pmo. s p<0.001), - henotype metformin
Control diet: = CRP (0.6 + 0.6 versus +0.2 + 0.7; p < 0.001), TG Phenop
. Similar diet, w1th0}1t . (—0.1 £ 0.4 versus —0.2 & 0.3 mmol L~; p = 0.01),
textured soy protein (70% and VLDL-C * (—0.1 + 0.1 versus
animal proteins, 30% +0.0 = 0.1 mmol L™; p = 0.01);
vegetable proteins) for 8 . 1 QUICKI ® (+0.01 =+ 0.01 versus —0.00 = 0.02;
weeks. p=0.01).
High-protein diet: Cpmpared to the stande'ard—protein diet, the high-protein
. Ad libitum energy intake diet showed the following: .
Parallel (>40% protein, 30% fat, . J body weight .(high protein: 71.4 (63.3, 84.9) kg, {nte:ltlonl to .
Sorensen and ;rara € A total of 57 individuals with <30% CHO) for 6 months; Anthropometric standard protein: 75.4 (68.1, 82.8) kg; p = 0.002), body r;a ;ing yses; Hich attrition rat
colleagues (2012) ~ 8™OUP PCOS, diagnosed by Rotterdam " measures, lipid profile, fat (high protein: 27.2 (18.5, 36.2) kg, standard protein: ~ a¢juste g atrtion rate
[76] controlled ;i a. Standard-protein diet: and glucose. 29.4 (23.2, 35.6) kg; p = 0.002), WC high protein: 88.3  analysis for (53%).
trial andard-protein diet: (78.5,98.0) cm, standard protein: 89.7 (83.6, 95.7) cm; })ody weight
0ss.

. Ad libitum energy intake
(<15% protein, 30% fat,
>55% CHO) for 6 months.

p =0.04), and glucose (high protein: 5.2 (5.0, 5.3)
mmol/L, standard protein: 5.4 (5.3, 5.6) mmol/L;
p=0.03).

High-Saturated Fat, Starch Avoidant Diet

Compared to baseline:

No control group and

Hays and . A total of 15 individuals with . . ) BMI 236.14+97 +32.4 + 8.9: p < 0.001), % no description of
Single-arm 2 High-saturated fat and starch Lipid profile, CRP, M + (pre: 36. -/, post: 52 :9; p <0.001), % L
colleagues (2003) study PCOS (BMI> 30.0 kg/m”), ages avoidant diet for 24 weeks. glucose, and insulin. total body weight (—14.3 = 20.3%; p = 0.008), and participant
[77] 21-43 years. insulin (pre: 24.2 £+ 11.8 mg/dL, post: demographics or
12.2 4+ 5.0 mg/dL; p = 0.005). diagnostic criteria.
Dietary Pattern

Low Glycemic Index
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Cardiometabolic

Covariates

Reference Design Participants Intervention Outcomes Results/Conclusions Considered Limitations
Low-fat, low GI t diet:
. Ad libitum intake (50%
CHO{,B %o proteln, 270/0 fat, Compared to the low-fat, conventional healthy diet, the low
GI 40%) until loss of 7% R X
o . . e GI diet showed the following:
A total of 96 individuals with baseline body weight: . . . L . . . .
Marsh and 2 Anthropometric . 71 insulin sensitivity index derived from oral glucose Body weight High attrition rate
. PCOS (BMI > 25.0 kg/m?), ages or . X A 2
colleagues (2010) Intervention ¢ X measures, lipid profile, tolerance test (low GI 2.2 = 0.7, conventional loss and (49%) and
1840 years, PCOS diagnosed by Low-fat, conventional healthy : ; ’ ; ~ ;
[78] . ¢ insulin, and CRP. 0.7 £ 0.6; p = 0.03); metformin use. non-randomized.
self-reported Rotterdam criteria. diet: / 0, p=0U3); .
. 71 insulin sensitivity in those on metformin (p = 0.048).
. Ad libitum intake (50%
CHO, 23% protein, 27% fat,
GI: 59%) until loss of 7%
baseline body weight.
Compared to baseline, at 24 weeks:
. J HDL-C (1.7 + 0.5 mmol/L to 1.6 & 0.4 mmol/L;
p=0.05);
Three dietary phases, each for i i itivi . 0% vs. 61. 9%;
A total of 26 pre-menopausal 12 weeks yP Anthropometric * T =m(s)1(1)1§r)1 sensitivity (72.8 £ 32.0% vs. 61.1  24.9%; High attrition rate
Barr and Non- individuals with PCOS, . X measures, blood N pNo si. c,han es in elucose, other lipids, body weight (30%) in follow up
colleagues (2013)  randomized ages > 18 years, diagnosed by ® Habitual diet control phase;  pressure, glucose, or Wg. 8 & ’ pias body weight period, small sample
[79] trial self-report with general ° Isocaloric low Gl diet; insulin, and lipid ' ) size, and no
practitioner confirmation. * No intervention follow-up. profile. Compared to baseline, at 36 weeks: comparison group.
. No sig. changes.
Compared to 24 weeks, at 36 weeks:
. 1 Gl intake (p < 0.001).
. L Compared to baseline at 3 months of the low GL diet:
Two isocaloric dietary
Panico and Randomized g o o duals with PCOS interventions each for 3 months: Insulin sensitivity, . | HOMA-IR 2 h after breakfast (pre: 9.82 + 4.97, post:  Age and Small sample size and
colleagues (2014) crossover d?ven d‘l/a R tstvzél m critori . Moderately low GL %; glucose, and lipid 5.38 £ 4.72; p < 0.036), glucose 2 h after breakfast socioeconomic not clear if there was a
[80] design aghosed by Rotterdam critena. . Moderately high GL. profile. (pre: 89.7 £ 9.0, post: 78.6 £ 3.7 mg/dL; p < 0.011), background. washout period.

and insulin 2 h after breakfast (pre: 44.9 & 24.0, post:
18.4 £10.3 uU/mL; p = 0.019)

Low Starch, Low Dairy

Pohlmeier and Single-arm
colleagues (2014) interven-
[81] tion

10 individuals with PCOS (BMI
25.0-45.0 kg/m?), ages

1845 years, PCOS diagnosed by
Rotterdam criteria

Low-starch/low-dairy diet for
8 weeks

Anthropometric
measures, insulin,
glucose

Compared to baseline:

. 1 body weight (—8.1 £+ 1.8 kg; p < 0.05), BMI
(—3.0 £ 0.6 kg/m?; p < 0.05), WC (3.0 + 1.3 in;
p <0.05), HC (—2.5 &+ 1.3 in; p < 0.05), body fat
(—6.6 £ 3.8 kg; p <0.05), BF% " (—2.3 + 2.5%;
p <0.05), insulin (=20 + 9 ug/mL; p <0.05),and 2 h
insulin (—139 + 230 ug/mL; p < 0.05).

Small sample size, no
control group, and
lack of
pre-intervention
dietary intake.

Ketogenic Mediterranean
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Table 1. Cont.

Reference

Design

Participants

Intervention

Cardiometabolic
Outcomes

Results/Conclusions

Covariates
Considered

Limitations

Paoli and
colleagues (2020)
[82]

Single-arm
interven-
tion

A total of 14 individuals with
PCOS (BMI > 25.0 kg/m?), ages
1845 years, diagnosed by
Rotterdam criteria.

Ketogenic Mediterranean diet for
12 weeks.

Anthropometric
measurements,
glucose, insulin, and
lipid profile,

Compared to baseline:

. J body weight (pre: 81.2 & 8.4 kg, post: 71.8 &+ 6.7 kg;
p < 0.001), BMI (pre: 28.8 2.1,
post: 25.5 + 1.7 kg/m?; p < 0.001), body fat
(pre: 28.0 £ 5.1 kg, post: 19.7 + 3.7 kg; p < 0.001),
LBM Y (pre: 53.2 + 5.0 kg, post: 52.1 & 4.6 kg;
p =0.021), VAT, * (pre: 1750 &= 182 grams,
post: 1110 + 189; p < 0.001), WC (pre: 101 & 5,
post: 97 + 4 cm; p = 0.0015), glucose
(pre: 5.1 £+ 0.3 mmol/L, post: 4.6 + 0.2;p < 0.001),
insulin (pre: 12.6 + 0.5 pU/mL, post:
11.3 + 0.6 uU/mL; p < 0.001), HOMA-IR (pre:
2.9 £0.2, post: 2.3 £ 0.1; p < 0.001), TG (pre:
2.3 £+ 0.4 mmol/L, post: 1.9 & 0.3 mmol/L; p < 0.001),
TC (pre: 5.4 + 0.4 mmol/L, post: 4.7 & 0.3 mmol/L;
p <0.001), and LDL-C (pre: 3.1 £ 0.6 mmol/L, post:
2.3 £ 0.2 mmol/L; p <0.001);

. 1+ HDL-C (pre: 1.8 4= 0.41 mmol/L, post:
2.0 £ 0.4 mmol/L; p <0.001).

Described as both a
eucaloric and
low-calorie
intervention, small
sample size, a lack of
control group, and a
lack of demographic
information.

Eating Behavior

Meal Timings/Frequency

Li and colleagues
(2021) [83]

Non-
randomized
interven-
tion

A total of 15 individuals with
PCOS (BMI > 24.0 kg/mz), ages
1840 years, diagnosed by
Rotterdam criteria.

Ad libitum time-restricted feeding

(8 am—4 pm) for 5 weeks.

Anthropometric
measures, insulin,
CRP, and lipid profile.

Compared to baseline:

. 1 BMI (pre: 29.8 & 4.3 kg/m?, post: 28.6 & 4.4 kg/m?;
p <0.001), body fat (pre: 35.3 & 10.0 kg, post:
32.9 + 9.9 kg; p < 0.001), BF% (pre: 40.1 (39.8-47.6),
post: 39.7 (38.4-46.0); p = 0.001), VFA Y (pre:
165 + 39 cm?, post: 155 + 41 cm?; p = 0.015),
HOMA-IR (pre: 3.5 (2.9-5.6), post: 2.7 (2.3-3.9);
p =0.025), AUCIns/ AUCGlu * ratio (pre: 16.5 £+ 5.9,
post: 11.8 £ 4.8; p = 0.001), and CRP (pre: 4.9 & 3.2,
post: 2.9 £+ 1.6 mg/L; p = 0.040);

No sig. decrease in glucose, AUCGlu, TG, TC, or LDL-C.

No control group,
small sample size, and
short duration.

Jakubowicz and
colleagues (2013)
[84]

Randomized
parallel-

arm
interven-
tion

A total of 60 individuals with
PCOS (BMI < 24.9 kg/m?), ages
25-39 years, diagnosed by
Rotterdam criteria.

High-calorie breakfast diet
(980 kcal) or high-calorie dinner
(980 kcal) diet for 12 weeks.

Anthropometric
measures, blood
pressure, glucose, and
insulin.

Compared to high-calorie dinner group, the high-calorie
breakfast group showed the following:

. | HOMA-IR (—56%; p < 0.001), and HOMA-B *
(—35%; p = 0.001), glucose (pre: 89 + 1,
post: 82 = 1 mg/dL; p < 0.001), insulin
(pre: 14.3 £ 0.9, post: 6.7 & 0.3 pu-IU/mL; p < 0.001),
AUCglu (pre: 17,429 £ 155 to 13,918 + 81 mg/dL
post; p < 0.001), and AUCins (pre: 7361 £ 156 to
3774 &+ 94 p-IU/mL; p < 0.001).

No control group.
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Cardiometabolic

Covariates

Reference Design Participants Intervention Outcomes Results/Conclusions Considered Limitations

Compared to baseline, both groups showed the following:

Two eucaloric dietary patterns . . 1 WC with no sig. difference between groups ) ) )
Papakonstantinou ~ Randomized A total of 40 individuals with each for 12 weeks: Anthropong)eér%cT (p =0.163). fAd]FStr.r;entS Dld}? ot tl nclgdg a
and colleagues crossover PCOS, diagnosed by Rotterdam . 3 meals/d; meastres, L. L ® Compared to 3 me:clls/ d group, 6 meals/d group or famtly wasnhout period in
(2016) [85] study criteria. . p meals/d/ glu_cose, msuhn, and showed the following: h%story of between )
: lipid profile. . } insulin (pre: 96 + 12, post: 92 & 10 pmol/1; p = 0.03); ~ diabetes. interventions.
. 1 post-OGTT insulin sensitivity (pre: 4.4 & 0.4, post:
53+0.7;p=0.02).

Asemi and Quasi- A total of 27 individuals with Ramadan fasting (mean fastin Body weight, glucose, Compared to baseline: No control or
colleagues (2015) experimental PCOS, ages 1840 years, eriod of 16.5 h§ 4) for 30 da ;g insulin sensitivity, . No sig. difference in body weight, BMI, glucose, or comparison grou
[86] trial diagnosed by Rotterdam criteria. p ’ s lipid profile, and CRP. lipid profiles. P group-

Modification of Advanced Glycation End Products

A total of 34 individuals with

Three dietary phases, each
2 months

. Hypocaloric diet w/ad

Compared to baseline, all groups showed the following:
. 1 BMI (p < 0.05)

Compared to hypocaloric diet w/ad libitum AGEs, high
AGE:s diet showed the following:

. 1 insulin (hypo: 10.6 £ 5.2 uIU/mL, high AGEs:

i i 13.6 £ 6.3 ulU/mL; 0.05); HOMA-IR (hypo:
Tantalaki and PCOS, ages 18-40 years libitum AGEs P® content; Anthropometric At 1s K t-/ZH; tp1<4» )O e (hypo! Lack of washout
colleagues (2014)  Intervention .~~~ i i diet with hi measures glucose, and - -2, post: 2. 4 p <0.05). period; high attrition
diagnosed by 1990 National . Isocaloric diet with high ! !
[87] Institute of Health criteria AGEs; insulin. Compared to isocaloric diet with high AGES, the isocaloric, rate (32%).
' . Isocaloric diet with low low AGES diet showed the following:
AGEs. . | glucose (high AGEs: 87 + 6 mg/dL, low
AGEs: 83 & 8; p < 0.05), insulin (high
AGES: 13.6 &+ 6.3 uIU/mL, low AGEs
9.2 £ 2.8 ulU/mL; p < 0.05), and HOMA-IR (high
AGEs: 2.9 4 1.4, low AGEs: 1.9 £ 0.6; p < 0.05).
Energy Restriction and Macronutrient Distribution
Energy Restricted Diet with Protein Modification
Energy restricted with powdered
otein supplement:
protefii supp . Compared to the energy-restricted diet with simple sugar
M 700 keal/d energy deficit; supplement, the energy-restricted diet with protein
Randomized *:total of 33 individuals with 240 keal, whey protein supplement group showed the following:
Kasim-Karakas ) PCOS (BML: 25.0-40.0 kg/m?), isolate for 2 months; Anthropometric oh ke .
single- . . X . J body weight (—3.4+ 0.8 kg; p < 0.03), BMI (pre:
and colleagues blind ages 1845 years, diagnosed by or measures, lipid profile, N ] ). No control group.
(2009) [88] trial 1990 National Institute of Health Energy restricted with simple glucose, and insulin. 38.9 £ 1.6 g/m?, post: 37.1 &£ 1.8 kg/m*; p < 0.03),

criteria.

sugar supplement:

. 700 kcal/d energy deficit;
240 kcal, glucose + maltose
for 2 months.

body fat (—3.1 4 0.9 kg; p < 0.03), TC (pre: 201 + 8
mg/dL, post: 168 £10 mg/dL; p < 0.006), and HDL-C
(pre: 38 &= 2 mg/dL, post: 34 & 2 mg/dL; p < 0.04).
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Cardiometabolic

Covariates

Reference Design Participants Intervention Outcomes Results/Conclusions Considered Limitations
o Compared to baseline, both groups showed the following:
Low-protein diet: o Lbody weight (7.7 % 0.7 kg), body fat (—14.4%;
55% CHO, 15% i 9 i
. o , o protein, p <0.001), LBM (—3.4%; p < 0.001), abdominal fat
30% fat; mass (—12.5%; p < 0.001), TC —8.8%; p < 0.001), TG Partici
Moran and Randomized A total of 45 individuals with or Anthropometric (=12.5%; p < 0.001), LDL-C (—9.8%; p < 0.001), insulin s ti;ttlicéggr:; No control group:
colleagues (2003) interven- PCOS (BMI >25.0 kg/m?), High-protein diet: measures, glucose, (—20%; p = 0.001), and HOMA-IR (—9%; p = 0.001). body weight hieh attritiogn rat%
[89,9035 tion diagnosed by 1990 N_atic‘mal . 40% CHO, 30% protein, insu‘lin, and lipid Compared to the high-protein diet, the low-protein diet age,yand c%esi,re (32;5%).
Institute of Health criteria. 30% fat. profile. showed the following: to conceive.
Energy restricted for 12 weeks, e | HDL-C(-10%; p <0.001).
then weight maintenance for . Compared to the low-protein diet, the high-protein
4 weeks. diet showed the following:
. J} TC/HDL-C (—12.5%; p < 0.003).
Energy restricted high protein:
Sinele- . 30% protein, 40% CHO, . .
ng A total of 18 individuals with 30% fat for 2 months: . Compared to baseline, both groups showed the following:
Toscani and blind PCOS and 22 controls (BMI ’ Anthropometric i
colleagues (2011)  random- 18.5-39.9 kg/m?), ages 14-35 or measurements, © pbody weight (p <D001) BMIL (p < D-001) WC BMI-matched Limited diversit
11 8 ized ye.ars ﬁco% diag,n ogse 4 by 2006 Energy restricted normal protein: glucose, insulin, and (cff? 0.001), la)I\CtL\?F %, (p < 0.001), with no sig. controls. ¥
5 i ; ifferences between groups.
fgnltrol Androgen Excess Society criteria. . 15% protein, 55% CHO, lipid profile. group
ria 30% fat) for 2 months.
20-25 kcal/kg/d.
Energy restricted high protein:
i h
. 30% protein, 40% CHO, and . X . &)éﬂb;gsdst ¢ s
A total of 35 individuals with 30% fat for 4 weeks; Compared to baseline, both diets showed the following: anal gze t}F:e
Stamets and . PCOS (BMI > 25.0 kg/m?), ages Anthropometric . 1 body weight (high protein: —3.7 & 1.9 kg, high Y 7% attrition in first
1l (2004) Randomized 21-37 di d by 1990 or 1 y welg gh protein: — g, g effect of k d/t inability t
coreagues pilot trial o/ years, dlagnosed by Energy restricted high CHO: measures, glucose, CHO: —4.4 £ 1.5 kg); no sig. difference between hypocaloric week d/tinability to
[92] National Institute of Health and insulin. OUDS. ! tolerate intervention.
criteria. . 15% protein, 55% CHO, and group diet on )
30% fat for 4 weeks. metabolic
markers.
1000 keal/d deficit.

Energy Restriction with Carbohydrate/Fat Restriction
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Reference Design Participants Intervention Cardiometabolic Results/Conclusions Covarlates Limitations
Outcomes Considered
Compared to baseline, after energy restriction:
. J body weight (—5.6 £ 2.4 kg; p < 0.001), WC
(6.1 % 0.4%; p < 0.001), TFEM (—2.5 & 0.5%; p < 0.001),
3 ) . . TFM (—12.3 + 1.4; p < 0.001), TC (—2.6 = 3.3%;
Two-phase dietary intervention: p <0.001), TG (=12.9 & 5.2%; p = 0.005), LDL-C
o 8 yveeks energy restriction (—12.1 £ 3.3%; p < 0.001), HDL-C (—9.5 & 3.5%; Stratified f
w;tl}: 2 melals/ 1cl replaced p <0.001), CRP (=9.6 & 8.2%; p = 0.018), glucose e;ja‘l 1ed for
with meal replacement i _ /- = cc (_ o . . s
Moran and Randomized A total of 43 individuals with beverage: P Anthropometric (1.8 & 1.0%; p = 0.02), and SBP < (~6.6 + 1.4%; distribution of ngoh attrition rate
. 2 8¢ X measures, glucose, p <0.001). (32% in phase 2), no
colleagues (2006) interven- PCOS (BMI >25.0 kg/m?), . 24 weeks of body weight . . e s age, BMI,
. ) - v 1y weig insulin sensitivity, and dto8 ks, at 32 ks: . control group, and
[93] tion diagnosed by Rotterdam criteria. maintenance with CHO lipid profile ompared to 8 weeks, at 32 weeks: smoking status, lack of diversit
restriction (<120 g/CHO/d) T ¢ Prome: o 1body weight (+2.5 + 0.7 kg; p = 0.028). and use of oral ¥
(Cg;l(;m?fg to/l‘c{;‘t restriction Compared to baseline, at 32 weeks: contraceptive.
a .
& . 1 body weight (net weight loss of 3.2 - 0.7 kg),
glucose (net decrease of 2.9 &+ 1.2%; p = 0.046), SBP
(net decrease of 6.6 £ 2.2%; p = 0.002), insulin (net
decrease of 3.5 + 1.6 mU/L; p = 0.044), and
HOMA-IR (net decrease of 0.9 & 0.4; p = 0.033).
Energy Restriction and Dietary Pattern
Energy-Restricted Dietary Approaches to Stop Hypertension
Energy-restricted DASH: 4¢ Compared to control diet, the DASH diet showed the
o ) . 350-700 keal/d deficit for following:| body weight (DASH: —4.4 4 2.7, control:
Asemi and Randomized A total of 48 individuals with 8 weeks: Anthropometric —1.5 £ 2.6 kg; p <0.001), BMI (DASH: —1.7 £ 1.1, control:
colleagues (2014) controlled PCOS (BMI > 25.0 kg/mz), ages ' measurre)s lucose, 0.6+ 0.9 kg/mz; p <0.001), TG (DASH: —10.0 +22.3 BMI; age
[94] & trial 18-40 years, diagnosed by or . and lipid | ?;oﬁles 4 mg/dL, control: 19.2 + 42.8 mg/dL; p = 0.005), VLDL-C 7 3ge:
Rotterdam criteria. Energy-restricted control: pidp : (DASH: —2.0 + 4.5 mg/dL, control: 3.9 + 8.6; p = 0.005),
. 350-700 kcal/d deficit for and insulin (DASH —1.88 ulU/mL, control: 2.89 pulU/mL;
8 weeks. p=0.03).
Compared to control diet, the DASH diet showed the
Energy-restricted DASH: following:
. 350-700 kcal/d deficit for . J body weight (DASH: —4.3 + 1.4 kg, control:
. A total of 60 individuals with 12 weeks; —3.2 +1.9kg; p =0.01), BMI (DASH: . . ..
Foroozanfard and ~ Randomized PCOS (BMI > 25.0 kg/m?), ages or Insulin sensitivity; -1.6 + 0.5 kg(mz, control: —1.2 & 0.7 kg/m?; Did not include lipids
colleagues (2017) controlled 18-40 vears, diagnosed b E icted L lucose p =0.02), insulin (DASH: —25.2 = 51.0 pmol/L, BMI; age. or other markers of
[95] trial v , dlag y nergy-restricted control: g . control: —1.2 & 28.8 pmol/L; p = 0.02), and cardiometabolic risk.

Rotterdam criteria.

. 350-700 kcal/d deficit for
12 weeks.

HOMA-IR (DASH: —0.9 + 2.0, control: —0.1 + 1.0;
p=002);

. J QUICKI (DASH: 0.01 +£ 0.03, control: —0.00 + 0.01;
p=0.02).

Energy-Restricted Low-Glycemic Index Diet
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Reference Design Participants Intervention Cardiometabolic Results/Conclusions Covarlates Limitations
Outcomes Considered
Compared to baseline, both groups showed the following:
. 1 body weight (PCOS: —6.7 & 0.6 kg, controls:
A total of 33 individuals with —6.2 £ 0.5 kg), BMI (PCOS: —2.6 0.2 kg/mz,
Shishehgar and Int i PCOS and 40 controls Energy-restricted (500 kcal/d Body weight, glucose, controls: —2.5 + 0.2 kg/m?), and insulin (PCOS: Age and BMI; Body composition and
colleagues (2019) s?uzrven 1on - BMI > 25 kg/m?), ages deficit) low-GI index diet for insulin, and blood —4.8 £ 1.6 mU/L, controls: —3.8 + 1.3 mU/L) with non-PCOS lipid profiles not
96 ears; iagnose weeks. ressure. no sig. differences between groups. controls. assessed.
[96] y 1840y PCOS diagnosed by 24 week: p diff bet 1 d
Rotterdam criteria. Compared to control group, PCOS group showed the
following:
. J DBP ¢¢ (-1.2 + 0.7 mmHg; p = 0.03).
Compared to baseline:
. J body weight (pre: 79.1 £ 14.6 kg, post:
73.0 £ 10.2 kg; p < 0.05), BMI (pre: 28.8 + 5.6 kg/m?,
. . Anthropometric post: 26.6 & 7.3; p < 0.05), WC (pre: 97.9 + 12.1 cm, No control group; no
Eglclzelalk?l:sn(gow) Intervention ?(:tgtgl ;f;411;_c1;§ 1de1;ilss with Energy-restricted (600 keal/d measures, glucose, post: 90.4 £ 12.7; p < 0.05), WHR * (pre: 0.9 + 0.1, discussion of how
[97 gg]gt din m’)s eg qb RottZr darr/1 criteria deficit) low GI diet for 3 months, insulin, and lipid post: 0.9 £ 0.1; p < 0.05), body fat (pre: 30.7 & 9.7 kg, compliance was
4 & y . profile. post: 26.6 + 8.1 kg; p < 0.05), TG (pre: measured.
133 £ 40 mg/dL, post: 71 & 30 mg/dL; p < 0.05),
LDL-C (pre: 129 £ 30 mg/dL, post: 98 + 16 mg/dL;
p <0.01), and TC (pre: 225 + 25 mg/dL, post:
172 + 22 mg/dL; p < 0.05).
Low-medium GI . . .
energy-restricted diet: Compared to baseline, both diets showed the following:
- . 1 body weight (low—-medium GI: —4.1 £ 0.6%, energy
¢ ?fé)o; 11(2) (12 l;:ﬁig ei?fllf:GI restricted: —3.3 £ 0.6%) and LDL-C (low-medium GI:
A total of 60 individuals with CHO, 30% protein 30% fat) —41.3 £4.3 mg/dL’ ene‘rgy res'Ericte‘d:
Mehrabani and Randomized PCOS (BMI >25.0 and for 12 weeks: ! Body weight, glucose, —38.5 + 49 mg/dL), with no sig. difference between Stratified for
colleagues (2012) controlled <38.0 kg/m?), ages 20-40 years, ’ insulin, CRP, and lipid groups. ace and BMIL
[99] trial diagnosed by 1990 National o profile. Compared to the energy-restricted diet, the low-medium GI 8 ’

Institute of Health criteria.

Energy-restricted diet

. 500-1000 kcal/d deficit
(55% CHO, 15% protein,
30% fat) for 12 weeks.

energy-restricted diet showed the following:
e | WC(p<0.05), CRP (—0.9 £ 0.4 mg/mL; p < 0.05),

insulin —3.6 £+ 0.7 mU/mL; p < 0.05), and HOMA-IR
(—0.8+0.2; p <0.05).

1: Increased; |: Decreased;  Included participants aged 14-35 years, mean age was 22.72 + 5.68 years; ¥ included participants aged 17-38 years; * PCOS: Polycystic Ovary Syndrome;
b BMI: Body Mass Index; © OGTT: Oral Glucose Tolerance Test; d HOMA-IR: Homeostatic Model Assessment of Insulin Resistance; ¢ TC: Total Cholesterol; f TG: Triglycerides; 8 WC:
Waist Circumference; " HC: Hip Circumference; i AUCins: Area Under the Curve Insulin;  CRP: C-Reactive Protein; ¥ TFM: Total Fat Mass; ! TFFM: Total Fat-Free Mass; ™ LDL-C:
Low-Density Lipoprotein Cholesterol; ™ HDL-C: High-Density Lipoprotein Cholesterol; © CHO: Carbohydrate; P ADA: American Diabetes Association; 1 MUFA: Monounsaturated Fatty
Acids; " VLDL-C: Very Low-Density Lipoprotein Cholesterol; * QUICKI: Quantitative Insulin-Sensitivity Check Index; tGI: Glycemic Index; " GL: Glycemic Load; ¥ BF%: Body Fat
Percentage; ¥ LBM: Lean Body Mass; * VAT: Visceral Adipose Tissue; ¥ VFA: Visceral Fat Area; * AUCglu: Area Under the Curve Glucose; ** HOMA-B: Homeostasis Model Assessment
of Beta Cell Function; ®® AGES: Advanced Glycation End Products; “ SBP: Systolic Blood Pressure; dd DASH;: Dietary Approaches to Stop Hypertension; ® DBP: Diastolic Blood
Pressure; f WHR: Waist/ Hip Ratio.
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3.1.1. Energy-Restricted Diets

Very Low-Calorie Diets.

Very low-calorie diets (VLCDs) (Table 1) comprising of approximately 450-800 calories
per day have been studied as a mechanism to improve cardiometabolic risk in individuals
with PCOS with overweight and obesity. While all of the included studies found VLCDs
effective for weight loss [60—-65], many of the studies are over 20 years old [60,61,63,65],
lack a control group [61-65], do not describe the demographic characteristics of partici-
pants [60-65], and have relatively small sample sizes [60-63,65], limiting the generalizability
of the interventions.

Short-term studies have shown that after following a VLCD, individuals with PCOS
had lower body weight [60-62], and improved glucose [62] and insulin measures [60-62].
Longer term studies, consisting of a VLCD followed by a low-calorie diet for a period of six
to seven months, have also observed decreases in body weight and insulin measures in
participants with PCOS [63-65]. Yet the initial changes from following the VLCD may not
be sustainable. Despite participants still following a low-calorie diet, the weight loss and
decreases in total cholesterol and triglyceride concentrations from baseline were no longer
significant six to seven months later [64,65]. Thus, the improvements in cardiometabolic risk
factors from a VLCD may not be sustainable, despite continuing to follow a low-calorie diet.

Other Energy-Restricted Diets.

Energy-restricted diets, ranging from 500-1000 kcal/day energy deficits, have also
been studied for individuals with PCOS with overweight and obesity (Table 1). Studies that
explored energy restriction included replacing two meals daily with a meal replacement
beverage [68], a 12-week 1000 kcal/day caloric deficit [70], and a 12-week 500 kcal/day
deficit [71]. At the end of the meal replacement beverage intervention, significantly more
PCOS participants exhibited insulin resistance post-intervention [68], implying weight
loss itself may not always improve insulin resistance. While the researchers stated that
reductions in insulin resistance might rely on reduction in a certain level of abdominal
fat, there were no significant differences in total fat mass nor total fat-free mass markers
between PCOS and non-PCOS participants in the study [68].

With a 1000 kcal/day deficit intervention, researchers found significant decreases in
weight, WC, and fasting insulin [70]. Yet other researchers found that a 500 kcal/d deficit
was also sufficient for an average weight loss of 3.5% that was significantly associated
with a reduction in fasting blood glucose, plasma insulin, and LDL-C concentrations, as
well as HOMA-IR [71]. Thus, a smaller, and perhaps more realistic, energy deficit has
cardiometabolic benefits comparable with larger energy deficits.

Overall, these studies indicate that an energy-restricted diet may be beneficial at im-
proving cardiometabolic risk factors in individuals with PCOS with overweight and obesity.
Yet these studies are limited in their generalizability due to the lack of a detailed description
of the intervention [67], racial and ethnic diversity of participants [68], discussion of the
demographic characteristics [70], and control groups [70,71], as well as short study dura-
tion. The cardiometabolic risk factors measured differ across studies, further challenging a
comparison of results. Furthermore, these energy-restrictive diets are likely not appropriate
for individuals with PCOS within a healthy BMI range.

3.1.2. Macronutrient Distribution

Low-Carbohydrate (CHO) Diet.

Other studies (Table 1) have looked to moderate or reduce the number of carbohydrates
consumed to help mitigate cardiometabolic risk factors in individuals with PCOS across
BMI ranges. The definition of low CHO varies across the studies included in this review,
ranging from 40-43% of energy coming from CHO. These percentages of energy from
CHO are not much lower than the Dietary Reference Intakes Acceptable Macronutrient
Distribution Range (AMDR) for CHO, 45-65%, perhaps making these interventions more
aptly described as moderate CHO rather than low CHO. All of the studies were designed
to be eucaloric and found a low-CHO diet to lower fasting insulin [72-74], glucose [73],
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total cholesterol [72,73], LDL-C concentrations [73,74], HOMA-IR [73], and area under the
curve insulin [74], as well as to improve insulin sensitivity [73] in individuals with PCOS.

The strengths of these studies include the provision of food for the study partici-
pants [72-74], randomization and blinding [73], and diverse samples [73]. Yet the limi-
tations included small sample sizes [72,74] and short intervention periods [72,74]. Fur-
thermore, researchers in one study purposively selected participants with overweight and
obesity, stating that the findings would be more applicable to the general population [72].
Yet PCOS does affect individuals with different body sizes [18,46]. This purposive sampling
scheme may limit the generalizability of the findings, despite this study indicating that
weight loss was not required to see a reduction in cardiometabolic risk factors. Overall,
these studies indicate again that even in the absence of weight loss, a modification of
the dietary pattern may improve the presence of cardiometabolic risk factors in women
with PCOS.

Protein Modification.

Rather than modifying the CHO content of the diet, the studies (Table 1) modified the
protein intake to improve cardiometabolic risk profiles of individuals with PCOS across
BMI categories. Two studies were included in this review, with one reducing the intake of
animal protein while increasing intake of textured soy protein [75] and the other examining
a high-protein diet (>40% of energy intake) [76]. While both studies improved markers
of cardiometabolic risk [75,76], the limitations should be considered. In the textured soy
protein study, all participants were prescribed metformin, regardless of intervention group.
Thus, metformin may have influenced the improvements in cardiometabolic risk [75]. In
the 6-month ad libitum high-protein study, there was a 53% attrition rate [76], which may
have influenced the results and indicates that the intervention is not sustainable for this
population. Though, overall, both of these studies again highlight that dietary modifica-
tions, irrespective of changes in energy, may promote improvement in cardiometabolic risk
factors. While both studies studied protein modification, the interventions varied greatly,
making it hard to come to any overall conclusions regarding the role of dietary protein to
reduce cardiometabolic risk factors in individuals with PCOS. Nonetheless, modification of
protein intake, regardless of BMI, may improve cardiometabolic risk factors in individuals
with PCOS.

High-Saturated Fat, Starch Avoidant Diet.

In a unique study design, researchers [77] examined the effect of a high saturated fat,
starch avoidant diet (HSF-SA) in individuals with PCOS with obesity (Table 1). Individuals
were instructed to consume half of their total energy as saturated fat with restricted amounts
of non-starchy vegetables and fruits. After 24 weeks, BMI, percent total body weight, and
insulin concentrations were significantly reduced, with no differences in lipid profiles.
Although the researchers suggested that a HSF-SA diet can lead to weight loss without
adverse effects on lipid profiles in individuals with PCOS with obesity [77], longer term
studies are warranted. Additionally, this study lacked a description of the demographic
characteristics and a control group. Furthermore, this type of intervention may not be
appropriate amongst all BMI groups.

3.1.3. Dietary Patterns

Low-Glycemic Index (GI) Diet.

Studies (Table 1) have found a low-GlI diet to improve insulin sensitivity [78-80], even
when the intervention is designed to be isocaloric [79,80] or when clinically significant
weight loss does not occur [78]. Individuals across BMI ranges were included in two of
these studies [79,80]. In one of these studies, when researchers compared an ad libitum
low-fat, low-GI diet to a conventional low-fat healthy diet in individuals with PCOS,
participants were advised to follow the intervention until 7% of baseline body weight
was lost [78]. However, only 59% and 50% of participants in the low-GI group and the
conventional healthy diet group were able to meet that goal, respectively, perhaps due to the
ad libitum nature of the study design [78]. Furthermore, the attrition rate was high (49%);
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participants who dropped out had a higher baseline BMI and higher insulin resistance [78],
suggesting that those with a higher prevalence of cardiometabolic risk factors may not
be responsive to this type of intervention. Despite a large proportion of participants not
achieving the desired weight loss, there were still improvements in insulin sensitivity [78].
In other research exploring isocaloric low-GI diet interventions with individuals across BMI
ranges, improvements in insulin sensitivity were observed [79,80], indicating that metabolic
changes can reduce cardiometabolic risk in the absence of anthropometric changes. Yet these
studies suffer from small sample sizes [79,80], and one study did not have a comparison
group [79].

Low-Starch, Low-Dairy Diet.

Researchers examined the effects of a low-starch, low-dairy diet for eight weeks in
ten individuals with PCOS with overweight and obesity [81] (Table 1). The ad libitum diet
excluded all grains, beans, pulses, dairy, and sugar. After eight weeks, body weight, BMI,
WC, hip circumference, fat mass, fat mass percentage, and fasting insulin concentrations
significantly decreased [81]. Yet this study presents with several limitations, including a
small sample size, lack of control group, and no assessment of pre-intervention dietary
intake.

Ketogenic Mediterranean Diet.

A ketogenic Mediterranean diet intervention (Table 1) showed initial improvements
in cardiometabolic risk profiles, including lipid profiles after 12 weeks among individuals
with PCOS with overweight and obesity [82]. Researchers found significant reductions in
body weight, BMI, fat mass, WC, lean body mass (LBM), glucose and insulin concentrations,
HOMA-IR, and lipid profiles, along with improvements in HDL-C concentrations, among
individuals with PCOS after the 12-week intervention. The researchers initially described
the intervention as eucaloric but later described it as a low-calorie ketogenic diet, making it
unclear how the energy intake was modified. Furthermore, the study lacked a description
of the demographic characteristics of participants and control group. Additionally, it is
unclear if this is an appropriate dietary pattern for individuals with PCOS at a healthy
BMI. Ultimately, the long-term effects and sustainably of this type of dietary pattern
are unknown.

3.1.4. Eating Behavior

Meal Timings/Frequency.

Studies (Table 1) have explored the effects of a restricted feeding period (fasting
4 pm-8 am) [83], Ramadan fasting [86], modification of energy intake timing (high calorie
breakfast versus high calorie dinner) [84], and a three or six meals per day pattern [85]
for individuals with PCOS. All four interventions were designed without energy manipu-
lation [83-86], with three of the studies including individuals across BMI ranges [84-86].
Three of the studies found improvements in cardiometabolic risk factors [83-85], with the
one quasi-experimental study finding no differences in cardiometabolic risk factors pre- and
post-Ramadan fasting [86]. Yet in the restricted feeding period study, where participants
fasted from 4 pm to 8 am daily, only 20% of participants reported never feeling hungry [83].
Feelings of hunger need to be considered when advising patients, as this may limit the
long-term sustainability of this type of intervention. A longer study with a control group,
larger sample, and larger diversity of participants is needed.

In the study that modified caloric intake timing and only included individuals with a
healthy BMI, researchers found significant improvements in cardiometabolic risk factors
in the high-calorie breakfast group compared to the high-calorie dinner group [84]. The
low attrition rate of the study (7% in the breakfast group, 10% in the dinner group) is also a
strength and a possible indicator that this intervention is more realistic and sustainable [84].
Furthermore, it provides evidence of an intervention for individuals with a healthy BMI
and for whom weight loss interventions described in the literature are not appropriate.

Modification of Advanced Glycation End Products (AGEs).
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Researchers explored the effect of advanced glycation end products (AGEs) on metabolic
profiles in a study that included individuals with PCOS across BMI ranges (Table 1) [87].
Participants increased their cooking temperatures during the two-month high AGEs phase
and decreased their cooking temperatures during the two-month low AGE phase. Serum
AGEs were correlated with insulin concentrations and HOMA-IR during the low AGEs diet,
indicating that changes in dietary AGE intake were related to changes in insulin sensitivity.
Limitations of the study include no washout period and a high dropout rate (32%).

The variety of interventions altering dietary patterns makes it challenging to identify
the most effective dietary intervention for individuals with PCOS. Overall, many of the
eucaloric interventions have similar improvements in cardiometabolic risk factors com-
pared to hypocaloric interventions, suggesting that changes in dietary patterns without
caloric restriction may promote beneficial changes for individuals with PCOS. Furthermore,
many of these changes in the dietary patterns would be appropriate for individuals with a
range of BMIs.

3.1.5. Energy Restriction and Macronutrient Distribution

Energy Restriction with Protein Modification.

Several studies (Table 1) have looked at restricting energy and modifying protein intake
in individuals with PCOS with overweight and obesity. One study included individuals
across BMI ranges for whom they modified the estimated energy needs, yet most of the
study participants had a BMI greater than or equal to 25 kg/m? [91]. These energy-restricted
with protein modification interventions included a comparison of a hypocaloric diet with
protein supplement compared to a hypocaloric diet with simple sugar supplement [88], a
hypocaloric high versus low-protein diet [89,91], and a hypocaloric high-protein versus
high-CHO diet [92].

While most studies found no significant effect of dietary composition on cardiometabolic
risk factors [89,91,92], one study found a hypocaloric diet with a powdered protein sup-
plement to decrease body weight, fat mass, and total cholesterol concentrations compared
to a hypocaloric diet with a simple sugar supplement [88]. Unfortunately, a decrease
in lean body mass [89] and HDL-cholesterol concentrations [88] was reported in two of
the interventions. Overall, the results of these interventions need to be interpreted cau-
tiously. All studies had relatively small sample sizes [88,89,91,92], and three lacked a control
group [88,89,92] and were short in duration [88,91,92], thus limiting the understanding of
the sustainability and long-term effects of these dietary interventions. Furthermore, the
lack of participant diversity [89,91] limits the generalizability. Lastly, the studies largely
included individuals with overweight and obesity, thus further limiting the generalizability
of this intervention to individuals with PCOS across BMI ranges.

Energy Restricted with Carbohydrate/Fat Restriction.

Researchers studied the effect of an energy-restricted diet where two meals per day
were replaced with a meal replacement beverage, followed by a 24-week maintenance
phase with either a CHO counting (<120 g/CHO/day) or fat counting (<50 g/fat/day)
protocol in individuals with PCOS with overweight and obesity [93]. While total cholesterol,
triglyceride, LDL-C, and C-reactive protein concentrations significantly decreased after
phase one, these variables increased during phase two. Thus, there was no difference
in these variables from baseline to study completion [93], perhaps highlighting that the
cardiometabolic benefits from weight loss on meal replacements alone are difficult to
maintain. Weight regain was reported during phase two, but a significant weight loss was
maintained from baseline [93]. The high attrition rate and weight regain [93] question the
sustainability and acceptability of these diets. A large limitation of the study [93] is the
lack of diversity in the sample as well as the lack of generalizability to individuals across
BMI ranges.
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3.1.6. Energy Restriction and Dietary Pattern

Energy-Restricted Dietary Approaches to Stop Hypertension (DASH) Diet.

Two studies (Table 1) explored an energy-restricted DASH diet compared with an
energy-restricted control diet in PCOS individuals with overweight and obesity [94,95].
Significant improvement in weight, BMI, and insulin concentrations were seen in the
energy-restricted DASH diet group in both studies [94,95]. In addition, one of the studies
found the energy-restricted DASH diet to significantly decrease triglycerides and very
low-density lipoprotein cholesterol concentrations compared to the control group [94].
Thus, the energy-restricted DASH diet demonstrated an ability to improve cardiometabolic
risk factor profiles above and beyond energy restriction alone, yet this type of diet may not
be suitable for all individuals with PCOS, particularly those within a healthy BMI range.

Energy-Restricted Low-Glycemic Index (GI) Diet.

In addition to the low-GI studies discussed above, studies have examined an energy-
restricted, low-GI diet for individuals with PCOS. The low GI interventions included an
energy-restricted, low-Gl diet [96-98] and an energy-restricted, low-GI, high-protein diet [99].
Two of the studies included individuals with PCOS with overweight and obesity [96,99].
One of the studies included individuals with a healthy BMI (21% of participants), yet all
were given the recommendation to reduce caloric intake by 600 kcal/day [97,98].

Researchers found that a hypocaloric diet with modification of both GI and protein
content has beneficial effects on cardiometabolic risk factors compared to a hypocaloric
diet on its own [99]. However, the study modified both the GI and percentage of energy
coming from protein, making it unclear which one of those factors, or the combination of
both, drove the results. The limitations of these studies, similar to many of the other studies
included in this review, include the lack of a control group [97,98], different measures of
cardiometabolic risk [96], and the inability to determine what is driving the relationship of
the improvement in cardiometabolic risk factors.

Overall, a large variety of dietary interventions have been studied in the research
literature. While some of the interventions have limited the energy intake substantially
(VLCDs), more modest energy-restricted diets (500 calories/day), as well as changes in
dietary patterns without energy restriction (such as, low carbohydrate, high protein, and
low glycemic index) and alterations in eating behavior (such as modification of caloric
intake timing, time-restricted feeding, and number of meals per day), appear to offer similar
benefits compared to greater energy restrictions. Interventions that modified the dietary
pattern without energy restriction were found to improve cardiometabolic risk factors in
individuals with PCOS across BMI ranges, indicating an approach that might be realistic
for most individuals with PCOS. Yet many of the studies suffer from the same limitations
including small sample sizes, a short duration of the interventions, a lack of control groups,
high attrition rates, and a lack of randomized controlled trials.

3.2. Lifestyle Interventions

The research literature has examined lifestyle interventions in the forms of diet (energy-
restricted diets, dietary patterns, nutrition education, and energy restriction with dietary
patterns) and another behavioral modification (e.g., exercise or cognition) for individuals
with PCOS, largely focusing on individuals with overweight and obesity. The findings are
summarized in Table 2.

3.2.1. Energy Restriction and Exercise

Researchers have explored lifestyle interventions that included energy-restricted diets
and exercise in individuals with PCOS with overweight and obesity (Table 2). The interven-
tions included in this review differ in the amount of energy restricted, with energy deficits
ranging from 500-800 kcal/day deficit [100-104] or total energy intakes ranging between
1000-1400 kcal/day [105-107]. The exercise components also varied and consisted of indi-
vidualized exercise programs [100-102], structured exercise training programs [103,106],
and general exercise recommendations [104,105,107].
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Overall, energy restriction plus exercise has been shown to decrease weight [104-106],
BMI [101,102,104,105], WC [101,102,104,106,107], hip circumference [104], body fat [105],
fat-free mass [105], lean body mass [101,102], blood pressure [104,106], HOMA-IR [106,107],
glucose [106], insulin [106], triglycerides [104], total cholesterol [101,102,106], and LDL-C
concentrations [104,106], and to improve HDL-C concentrations [107] in individuals with
PCOS. The reduction in lean body mass, even in the presence of exercise, warrants further
study. Additionally, some of these initial changes may be difficult to maintain. After three
months of an energy-restricted (600 kcal/day deficit) and physical activity (30 min, two to
three times per week) intervention, individuals with PCOS had significantly lower body
weight, BMI, WC, hip circumference, WHR, HOMA-IR, LDL-C, and insulin concentrations
compared to baseline [104]. Yet at six months, the changes in insulin concentrations and
HOMA-IR were no longer significant, while significant decreases in systolic blood pressure
and triglyceride concentrations emerged [104]. Further study of the long-term effects of
lifestyle interventions is needed.

In two studies [100,103], participants were stratified by ovulation status. Participants
who resumed ovulation had decreased body weight [100,103] and abdominal fat [100]. Yet
these two studies differed in their intervention, with one being a six-month energy restric-
tion of at least 500 kcal/day with individualized exercise programs [100] and the other
comparing a structured exercise training program or a higher protein diet with 800 kcal/day
deficit [103]. These results are difficult to compare with other studies that do not stratify
their results based on ovulation status. Additionally, in one of these studies [103], partici-
pants self-selected into their intervention group, which may have introduced selection bias
into the study.

Researchers looking at diet only compared with diet and aerobic exercise or diet
and combined aerobic-resistance exercise found that the addition of a structured exercise
component did not improve clinical and biochemical cardiometabolic risk preferentially
over a diet only intervention but led to significantly greater improvements in anthropo-
metric measures [106]. Thus, having both diet and exercise components may have larger
improvements in cardiometabolic risk profiles in individuals with PCOS than either diet or
exercise alone. Yet these studies focused on individuals with PCOS with overweight and
obesity, making them less generalizable to individuals with PCOS across BMI ranges.

3.2.2. Dietary Patterns and Exercise

One study included in this review (Table 2) looked at changes in dietary patterns and
exercise in improving cardiometabolic risk in individuals with PCOS across BMI ranges.
Researchers compared a low-glycemic index pulse-based diet, high in beans and legumes,
or the therapeutic lifestyle change diet, focused on increased fiber and decreased satu-
rated fat and cholesterol intakes, in individuals with PCOS for one year [108]. Both of
these dietary interventions were paired with aerobic training programs. Initial changes to
cardiometabolic risk included a decrease in BMI, WC, systolic blood pressure (SBP), glu-
cose, insulin, and total cholesterol concentrations in both the pulse-based and therapeutic
lifestyle changes groups. The pulse-based group initially had a significantly larger decrease
in DBP, insulin area under the curve, triglyceride, LDL-C, and total cholesterol/HDL-C
ratio concentrations compared to the therapeutic lifestyle changes diet. At 12 months,
only the increased HDL-C concentrations and lower total cholesterol/HDL-C ratio stayed
improved in the pulse-based group. Other improvements in cardiometabolic risk returned
to pre-intervention levels [108]. Unfortunately, this study had a high attrition rate and poor
response rate to dietary recalls [108]. Additionally, although the study protocol included
individuals with PCOS across BMI ranges, the baseline mean BMI was 32.5 4 8.4 kg/m?
and 33.3 4 9.0 kg/m? for the pulse-based and therapeutic lifestyle changes groups, respec-
tively [108]. Thus, greater understanding of the effect of this type of lifestyle change in
individuals with PCOS of all body sizes is needed.
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3.2.3. Nutrition Education and Exercise

Studies that combine nutrition education and exercise have been conducted for indi-
viduals with PCOS with overweight and obesity (Table 2). The two studies included in
this review provided nutrition education through weekly seminars paired with endurance
and resistance training [109], or group and individual nutritional counseling paired with
exercise counseling in individuals with PCOS among overweight and obese BMI cate-
gories [110]. Researchers examining the effects of the weekly seminars paired with exercise
found a decrease in insulin concentrations, despite no significant decrease in BMI. This high-
lights a possible cardiometabolic benefit of a nutrition education and exercise intervention
in the absence of weight loss [109].

In a similar study examining individual or group diet and exercise counseling, those
participants who resumed ovulation had a decrease in WC, central abdominal fat, and
insulin concentrations, with an increase in insulin sensitivity [110]. Researchers did not
assess the difference in results between group and individual counseling [110], limiting our
understanding of which intervention delivery method may be more effective. Additionally,
the participants in these two studies were all categorized as overweight or obese by BMIL
Furthermore, the small sample sizes of both of these interventions are limitations [109,110].

3.2.4. Energy Restriction, Dietary Pattern, and Exercise

Energy-Restricted Mediterranean-Style Diet, Low-Glycemic Load, and Exercise.

Using a quasi-experimental design, researchers explored a Mediterranean-style, low-
glycemic load, hypocaloric diet with physical activity recommendations for 12 weeks in
individuals with PCOS and overweight and obesity [111]. The dietary pattern comprised
25% protein, 25% fat, and 50% CHO and was designed to be low-fat, with moderate-to-
high fiber and an energy deficit of 500 kcal/d. Researchers found decreased BMI, WC,
body fat percentage, systolic blood pressure, diastolic blood pressure, HOMA-IR, glucose,
insulin, total cholesterol, LDL-C, triglycerides, C-reactive protein concentrations, and
triglycerides/HDL-C ratio [111]. Yet there was no comparison group, compliance with
the physical activity regimen was not assessed, and researchers only included participants
with overweight or obesity. Thus, the appropriateness of this lifestyle intervention for
individuals with PCOS across all BMI categories cannot be determined.

Energy-Restricted High Protein, Low Carbohydrate Diet and Exercise.

Researchers assessed a 3-month energy-restricted, high-protein, low-carbohydrate
diet and aerobic physical activity in individuals with PCOS with overweight and obe-
sity [112]. The intervention consisted of an unspecified amount of energy restriction for
weight loss in addition to following a high-protein, low-carbohydrate (40% CHO, 30%, 30%
protein) dietary pattern with 45 min of aerobic activity two to three times/week [112]. Post-
intervention body weight, BMI, and insulin concentrations significantly decreased [112],
highlighting potential cardiometabolic benefits of this intervention. Yet similar to the
dietary interventions that combined dietary patterns and energy restriction, it is unclear
if one aspect is driving the results. Furthermore, the energy restriction implemented in
this lifestyle intervention would not be suitable for individuals with PCOS with a healthy
body weight.

3.2.5. Energy Restriction and Cognition

Two studies included in this review examined energy restriction combined with a
cognitive behavior therapy (CBT) intervention in individuals with PCOS with overweight
and obesity (Table 2). In one study, when researchers incorporated CBT as an adjunct
to lifestyle counseling, they found significant improvements in weight loss compared to
standard lifestyle counseling alone [113]. Additionally, participants in the CBT group were
significantly more likely to meet their exercise goal and keep their weekly food diary than
those solely in the lifestyle modification group [113]. These results highlight the potential
of psychological interventions in improving cardiometabolic outcomes. Yet this study had
a high attrition rate for the CBT group, a small sample size, only included participants with
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an overweight or obese BMI, and was of the shortest duration (8 weeks) of the lifestyle
interventions included in this review.

A retrospective analysis of a lifestyle intervention of individuals with PCOS with
obesity incorporated a VLCD of approximately 600 calories per day and a behavior change
program informed by CBT [114]. After 12 weeks, the PCOS group had lower body weight
compared to baseline [114]. This study was limited in that it was a retrospective analysis of
a lifestyle intervention, had a high attrition rate (73%), did not compare dietary intake data,
and only included participants with PCOS with obesity [114].

Opverall, considering the lifestyle interventions included in this review, the combination
of dietary changes with exercise appears to confer an additional cardiometabolic benefit
than just one component alone [101-103,109], and at times, even in the absence of changes in
weight or anthropometric measures [103,109]. The lifestyle intervention research indicates
that incorporating both diet and exercise into a well-rounded intervention may lead to
greater improvements in cardiometabolic risk profiles.

Yet limitations of the lifestyle interventions should be considered. Many studies
lacked a comparison group [100,105,110-112], had a small sample size [105,109,110,112,113],
suffered from high attrition rates [100,108,113], and did not report on the length of du-
ration [105]. Furthermore, other studies had participants self-select the intervention
group [103], introducing selection bias and affecting internal validity. Furthermore, adher-
ence to the lifestyle intervention was not always measured [111]. The external validity of
the studies is limited due to the lack of diversity in participants [100], and many of the
studies were limited to individuals who were classified as overweight or obese. Future
lifestyle intervention research that looks at both the psychological aspects of behavior
change, as well as the long-term maintenance of cardiometabolic risk improvements for
individuals across BMI ranges, is needed.



Nutrients 2023, 15, 5069

23 of 36

Table 2. Lifestyle intervention studies to improve cardiometabolic risk in individuals with polycystic ovary syndrome.

Cardiometabolic

Covariates

Reference Design Participants Intervention Outcomes Results/Conclusions Considered Limitations
Energy Restriction and Exercise
Energy-Restricted Diets and Exercise
Lifestyle program (6 months): Compared to anovulation group, ovulation group
A total of 32 anovulatory . Individualized dietary Anthropometric measures showed the following: High attrition rate (25%)
Kuchenbecker and i indivibduals with PCZOS 2 advice (500 kcal/d and insulin; ovulation ) . | body weight (resumed ovulation: —6.3%, Stratiﬁ-ed by nogc omparison group ’
colleagues (2011) [100] Pilot study (BMI > 29.0 kg/m?), <38 energy deficit); status (resumed ovulation did not resume ovulation: —3.0%; p = 0.018) ovulation and Inck. of divese ,
years, diagnosed by Rotterdam . Individualized exercise or did not resume and abdominal fat (resumed ovulation: status. sample.
criteria. program. ovulation). —15.0%, did not resume ovulation: —4.3%;
p =0.025).
Compared to the other two groups, the energy
restricted group showed the following:
. 1 body fat (pre: 45.5 & 3.6 kg, post:
44.0 + 6.0 kg; p < 0.05), HOMA-IR ¢ (pre:
3.6(3.0-6.9), post: 2.9(2.2-3.6); p < 0.05), and
LDL-C © (pre: 2.8 & 0.8 mmol/L, post:
2.3 £ 0.9 mmol/L; p < 0.05).
Compared to the other two groups, the exercise
Lifestyle program (4 months): group showed the following:
. Energy-restricted diet (at ° 4 CRP (pre: 5.1 + 6.8 mg/L, post:
least 600 kcal/d energy 3.8 £3.5mg/L;p <0.05).
deficit); Compared to the exercise group, both energy
Nybacka and Randomized ?Ctgtg 1(%{\/?17 ;112%18/11(3 u/ai;zv)v lghe or Anthropometric measures, restncteiand sr:ﬁrgfy ﬂe Str.lcte,d plus exercise Age, BMI,
colleagues (2017) three-arm SIS + a8 . Individually adjusted lucose, insulin, lipid groups showed the loflowing: and bod
& 1840 years, diagnosed b ndividually adjuste & P . o
[101,102] parallel study Rott é’ ’ ter y exercise program; profile, and CRP ©. U J BMI (energy restricted: —6%, p < 0.001; composition.
otterdam criteria. energy restricted plus exercise: —5%,
or

Energy restriction plus
exercise.

p <0.001), WC { (energy restricted: pre:
103.8 £ 13.0 cm, post: 95.5 £+ 13.2 cm,

p < 0.001; energy restricted plus exercise:
pre: 110.3 &= 14.6 cm, post: 106.6 &= 14.6 cm,
p <0.05) LBM 8 (energy restricted: pre:

50.1 £7.7 kg, post: 46.7 = 5.3 kg, p < 0.05;
energy restricted plus exercise: pre:

52.9 + 8.4 kg, post: 49.7 £ 7.6 kg, p < 0.001),
and TC" (energy restricted: pre:

4.5 £+ 1.0 mmol/L, post: 4.0 & 1.4 mmol/L,

p < 0.01; energy restricted plus exercise: pre:

4.7 £ 1.1 mmol/L, post: 4.3 &+ 1.1 mmol/L,
p <0.05).
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Reference Design Participants Intervention Cardiometabolic Results/Conclusions Cova.rlates Limitations
Outcomes Considered
Compared to baseline:
Lifestyle program (unknown . J body weight (pre: 96.6 £ 17.0 kg, post:
duration): 847 £ 14.5;p < 02-00001): BMI (pre: R Does not indicate how
A total of 15 individuals with . Hypocaloric diet 36.1 + 6.6 kg/m*, post: 31.6 £ 5.8 kg/m?; long the intervention
Olszanecka- Non- PCOS (BMI > 30 kg/m?2), (1000-1200 keal) with Anthropometric measures, p <0.00001), body fat (pre: 42.6 + 12.5 kg, lasted, no comparison
Glinianowicz and randomized diagnosed by hormonal and limited intake of simple glucose, insulin, and lipid post: 35.5 4 11.2 kg; p < 0.00001), and LBM group, small sample size,
colleagues (2008) [105]  study ultrasonographic diagnosis of CHO' and animal fats; profile. (pre(:) g?)s +8.1kg, post: 49.1 4.7 kg; and does not specify
PCOS. i i p<U9L); PCOS diagnostic criteri
. Regular exercise (30 min . L TG (pre: 1.4 + 0.7 mmol/L, post: iagnostic criteria
3x /week) used.
: 1.1 &+ 0.4 mmol/L; p < 0.05);
. No sig. difference between insulin, glucose,
HOMA-IR, or other lipids.
Lifestyle program (24 weeks): Compared to the ovulatory structured exercise
. Structured exercise training group, the ovulatory energy-restricted,
training program (three high-protein diet group showed the following:
training sessions per ; .
A total of 40 anovulatory welek)'g o Anthropometric m T * v body weight (~105 % 4.1 kg;p < 0.05) and Participants self-selected
P Non- infertile individuals with PCOS ’ OPOMEITIC measures BMI (—15.4 + 3.92 kg/m?; p < 0.05). Stratified by . o PANs seiseccte
alomba and randomized (BMI 30.0-35.0 kg /mZ), ages or and glucose, insulin; . ovulation intervention and the
colleagues (2008) [103] i d ) o8 d,bg . ovulation status (resumed Compared to ovulatory energy-restricted study did not include
pilot study 18-35 years, diagnosed by . Energy-restricted ovulation or did not). high-protein diet group, the ovulatory structured status. lipid profiles.
Rotterdam criteria. h1gh—pr04t§1;1 211?13350/3 exercise training group showed the following:
tein, 45% . .
12’30/‘}1; “with 800 ki‘;‘l e | WC(~9.6=+21cm;p <0.05), insulin
deficit 1;’>er day) (—23.4 +10.0 pmol/L; p < 0.05), and
’ HOMA-IR (—41.0 £ 15.9; p < 0.05).
Compared to baseline:
. 1 WC (persisting PCOS: —14.1 £ 12.2 cm,
partial recovery: —9.3 &= 11.5 cm, fully
recovered —9.9 £ 6.0 cm; p < 0.001) and
HOMA-IR (persisting PCOS: —1.8 & 2.6,
Lifestyle program: partial recovery: —1.8 £ 3.0, fully recovered
. Hypocaloric diet -13+ 1% p< 0:05.)? No control group, did
(1200-1400 keal/d) Anthropometric measures ¢ J'HDL-C * (persisting PCOS: not measure LDL
. ST . (6 months); pometr S 9.2 £ 6.9 mg/dL, partial recovery cholesterol, did not
Retrospective A total of 65 individuals with ’ . glucose, insulin, and lipid . . . .

; : 2 . Followed by a mildl . 4.8 £9.9 mg/dL, fully recovered: Stratified by ~ include those who did
Pasquali and analysis of PCOS, (BMI > 25 kg/m?), ) by Y profile; recovery of PCOS 3.5+ 112 mg/dL; p < 0.05) recovery of not lose body weight or
colleagues (2011) [107]  lifestyle diagnosed by 1990 National restricted intake (500 based on diagnostic criteria ) . o e PCOS Y did not Comyl Wig’th

intervention Institute of Health criteria. keal/d deficit) plus a (persisting PCOS; partial Compared to the persisting PCOS group, both : . ompey
daily walk for 30 min recovery; full recovery). partial recovery and full recovery groups showed intervention, anq no
5x /week (10-67 the following: comparison of dietary
months). intake.

. 1 TC (persisting PCOS: —5.8 + 20.2 mg/dL,
partial recovery: —14.6 + 41.2 mg/dL, full
recovery: —15.4 £ 35.1 mg/dL; p < 0.01)
and glucose (persisting PCOS:

—4.6 £ 7.9 mg/dL, partial recovery:
—5.5 £ 12.0 mg/dL, full recovery:
—6.0 £ 11.1 mg/dL; p < 0.01).
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Reference Design Participants Intervention gardmmetabOhC Results/Conclusions Cova.rlates Limitations
utcomes Considered
Lifestyle program (20 weeks):
. Energy-restricted, ;
high-protein diet g)(ﬁrgvl:\)]?;egc:l to baseline, all groups showed the
(5000-6000 kJ/d
[1195-1434 kcal/d]; 30% . J body weight (—9.4 £ 1.9 kg), WC
protein, 40% CHO, 30% (—11.1%), BP! (=5.6 £ 2.7 mmHg), glucose
fat); (—0.2 mmol/liter), insulin (—4.3 mIU/L),
or TC (—0.5 mmol/L), TG (—0.4 mmol/L), and
A total of 94 sedentar . LDL—C (—0.1 mmol/L), with no sig.
e . Y Energy-restricted, . differences between groups.
Thomson and Randomized individuals with PCOS, (BMI: high-protein diet and Anthropometric measures, ) X .
colleagues (2008) [106]  parallel study 250-550 kg/mz), age aerobic exercise insulin, glucose, and lipid Comg)_ared with dlilt gply grél)up, io-th ;het and
1841 years, diagnosed by (walking /jogging profile. aerobic exercise and diet and combined exercise
Rotterdam criteria. program 5x / week); group showed the following:
or . J BF% ™ (diet and aerobic: —4.4 + 2.8%, diet
) and combined: —3.2 & 2.9%; p < 0.03), fat
® Energy-restricted, mass (diet and aerobic: —7.5 £ 3.9 kg, diet
high—Protein diet and and combined: —6.7 + 4.0 kg; p < 0.03), and
combined FEM ™ (diet and aerobic: —1.2 & 3.3 kg, diet
aerobic-resistance and combined: —1.8 £ 3.4 kg; p < 0.03).
exercise (progressive
resistance training
2x /week).
At 3 months, both groups showed the following;:
. 1 body weight (—0.5 kg), BMI (—0.3 kg/m?),
SBP ° (—0.9 mmHg), TG (—0.0 mmol/L), TC
(—0.0 mmol/L), HDL-C (—0.0 mmol/L),
LDL-C (0.1 mmol/L), CRP (—0.2 mg/L),
and insulin (—16 pmol /L), with no sig.
Post- A total of 87 infertile Lifestyle program (6 months): difference between groups.
intervention individuals with PCOS and 172 . Energy restriction Anthropometric measures, At 6 months, both groups showed the following:
Wang and colleagues follow-up of infertile controls (600-1200 keal/d); blood pressure, glucose, WHRP (—0.02). SBP (—7.2 He). TG Age Non-randomization in
(2021) [104] randomized (BMI > 29.0 kg/m?), 18-39 . Physical activity (30 min, ?suhn, lipid profile, and ® (¢70.1 mm(()l/t), )"l/"C (78'1 ﬁmnx::)rln/LE)j’,)i-IDL-C the post hoc analysis.

controlled trial

years; PCOS diagnosed by
Rotterdam criteria.

2-3x /week). RP.

(—0.03 mmol/L), LDL-C (—0.1 mmol/L),
and CRP (—2.3 mg/L), with no sig.
difference between groups.

Compared to control group, at 6 months, PCOS

group showed the following:

e | DBPY(—52mmHG,95% CL: —10.3 to
—0.1; p = 0.04).

Dietary Pattern and Exercise
Pulse-Based Diet with Aerobic Training Program
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Reference

Design

Participants

Intervention

Cardiometabolic
Outcomes

Results/Conclusions

Covariates
Considered

Limitations

Kazemi and
colleagues (2018) [108]

Single-blind
parallel group
randomized
controlled trial

A total of 95 individuals
with PCOS, ages

18-35 years, diagnosed by
irregular periods,
unwanted male-pattern
facial and/or body hair
growth, and infertility.

Lifestyle program
(16 weeks, follow-up of
1 year):

or

Low-glycemic index,
pulse-based diet
(high in beans and
legumes) with
aerobic training
program;

TLC ' diet (focused
on increased fiber
and decreased
saturated fat and
dietary cholesterol
intake) with aerobic
training program.

Anthropometric measures,
lipid profile, CRP, HbAlc*®,
glucose, and insulin.

Compared to baseline, at 16 weeks, both groups showed the
following:

| BMI (pulse based: —1.3 + 1.4 kg/m?, TLC:

—1.8 £ 6.1), WC (pulse based: —4.4 + 11.2 cm, TLC:
—1.7 £ 7.6 cm), trunk fat mass (pulse based:

—1.1 £2.0kg, TLC: —2 & 3.9), body fat (pulse based:
—1.7 £ 2.4 kg, TLC: —3.0 & 7.5 kg), BF% (pulse based:
—1.0 £ 2.0%, TLC: —1.0 & 2.4%), SBP (pulse based:
—3 £ 8 mmHg, TLC: —5 4 8 mmHg), glucose (pulse
based: —0.4 £ 1.7 mmol/L, TLC: —0.8 £ 1.5
mmol/L), insulin (pulse based: —4.0 9.7 uIU/mL,
TLC: —3.0 & 6.8 ulU/mL), HOMA-IR (pulse based:
—1.0£2.1, TLC: —1.3 & 2.1), and TC (pulse based
—0.4 £+ 0.5 mmol/L, TLC: —0.1 4+ 0.5 mmol/L), with
no sig. difference between groups.

Compared to TLC group, the pulse-based group showed
the following:

J DBP (—3.6 & 6.7 mmHg; p = 0.05), AUCins *
(—121.0 £ 229.9 uIU/mL X min; p = 0.05), TG

(—=0.2 + 0.6 mmol/L; p = 0.04), LDL-C

(—0.2 + 0.4 mmol/L; p = 0.05), and TC/HDL-C ratio
(0.4 = 0.4; p < 0.001);

1+ HDL-C (0.1 = 0.2 mmol/L; p < 0.01).

Metformin
(stratified
and

Compared to the TLC group, at 6 months, the pulse-based randomized
group showed the following: separately).

J} TC/HDL-C ratio was maintained (p = 0.02).

Compared to 16 weeks, at 6 months:

1 body weight (pulse based—16 weeks:

78.0 & 12.6 kg, 6 months: 79.6 & 13.4 kg;

TLC—16 weeks: 92.0 £ 20.5 kg, 6 months:

94.8 + 18.1 kg), BMI (pulse based:—weeks:

29.0 & 5.6 kg/m?, 6 months: 31.2 + 7.2 kg/m?;
TLC—16 weeks: 33.9 & 8.9 kg/m?, 6 month:

34.7 & 8.8 kg/m?), insulin (pulse based—16 weeks:
9.8 £ 8.7 ulU/mL, 6 months: 13.3 + 11.2 ulU/mL;
TLC—16 weeks: 10.4 + 11.9 uIU/mL, 6 months:
16.7 + 9.1 ulU/mL), and TC (pulse based—16 weeks:
4.4 £+ 0.8 mmol/L, 6 months: 4.6 4= 0.8 mmol/L;
TLC—16 weeks: 4.2 £ 0.8 mmol/L, 6 months:

4.4 + 0.7 mmol/L), with no sig. differences between
groups.

Compared to TLC group, at 12 months, the pulse-based
group showed the following:

1 HDL-C (p = 0.02).
J} TC/HDL-C ratio was maintained (p = 0.04).

High attrition rate (33%
in each group), no
control group, poor
response rate to dietary
recalls, and did not
follow set PCOS
diagnostic criteria.
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Table 2. Cont.

Cardiometabolic Covariates

Reference Design Participants Intervention Outcomes Results/Conclusions Considered Limitations
Nutrition Education and Exercise
Nutrition Education or Counseling and Exercise
Lifestyle program (12 weeks):
L. . Compared to baseline, at 12 weeks:
. Nutrition counseling
A total of 12 sedentary (weekly nutritional . J WC (nutrition counseling: —5%, nuFrition
Bruner and colleagues Randomized individuals with PCOS seminars); Anthropometric measures, coun.se?hng and exercise: *05-3%) aflfi insulin Small sample size
(2006) [109] controlled trial (BMI > 27.0 kg/m?), diagnosed or insulin, and lipid profile. (nutrl'tlon counsghng: —55%, n'utrltlor} and P .
by Rotterdam criteria, . ) exercise counseling: —29%), with no sig.
. Nutrition counseling and differences between groups.
exercise (endurance and
resistance training).
Lifestyle program (6 months): Compared to the anovulatory group, the ovulation
A total of 18 anovulatory . Group dietary and group showed the following:
individuals with PCOS and exercist: counseling and Anthropometric measures, . | WC (responders: 102 & 3.0 cm?, Small sample size; did
support; . Ly = " . 4
Huber-Buchholz and Prospective ?8 rcrélr?tlrgisc(oBs&tlolerance and PP lgl}l:sﬁ;e ;(‘)]lii:gz;’ and ngg-res‘p 0{‘?“5' 10060%1 43/5 = 0'01?)' central Stratified by not assess difference
colleagues (1999) [110]  study Ay or ’ abdominal fat (p = 0.04), and insulin ovulation. between group and
27.0-45.0 kg/m*); PCOS . . (responder) or no T nders: 13.6 + 1.7 nmol /L, o . .
: . Individual dietary and 3 (responders O/ Ly individual intervention.
dlggqosed by Rotterdam exercise counseling and ovulation (non-responder). non-responder: 23.0 + 3.5 nmol /L;
criteria. p =0.003);
support. ;

. 1 insulin sensitivity (71%; p < 0.05).

Energy Restriction, Dietary Pattern, and Exercise
Energy-Restricted Mediterranean-Style Anti-Inflammatory Diet, Low-Glycemic Load, and Exercise

Compared to baseline:

. 4 BMI (=7.1%; p < 0.001), WC (—6.6%;
p < 0.001), BF% (—9.2%; p < 0.001), SBP (pre:
124 + 9 mmHg, post: 121 & 6 mmHg;
p <0.001), DBP (pre: 82 & 6 mmHg, post:
80 £ 5; p < 0.001), glucose (pre:
92 + 10 mg/dL, post: 86 £ 9; p < 0.001),

Lifestyle program (12 weeks):

. Mediterranean-style

anti-inflammatory, No comparison group;

A total of 100 individuals with Anthropometric measures,

P low-glycemic load, ; . ! . ;
Salama and colleagues g(u?ssrlimental PCOS, (BMI 25-40 kg/m?), ages hypogc;,loric diet blood pressure, glucose, insulin (pre: 14.8 + 8.5 ulU/mL, post: S(l)initarr?ceea\s:ii
(2015) [111] b 2040 years, diagnosed by (500 kcal/d deficit); insulin, lipid profile, and 9.7 £ 5.3 ulU/mL; p <0.001), HOMA-IR P b
trial Rotterdam criteria. . Physical activit ! CRP. (—27.5%; p < 0.001), TC (pre: ph}{slcal activity
o4 Y 199 + 39 mg/dL, post: 178 + 29 mg/dL; regimen.

recommendations (stairs

and sit-ups). p <0.001), LDL-C (130 & 36 mg/dL, post:

113 £ 28 mg/dL; p < 0.001), TG (pre:

105 + 37 mg/dL, post: 79 £ 27; p < 0.001),
TG/HDL-C ratio (pre: 2.4 & 1.2, post:

1.7 £ 0.8; p < 0.001), and CRP (pre:

9.6 £ 9.4 mg/L, post: 5.1 & 3.8; p < 0.001).

Energy-Restricted, High-Protein, Low-Carbohydrate Diet and Exercise
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Cardiometabolic

Covariates

Reference Design Participants Intervention Outcomes Results/Conclusions Considered Limitations
Lifestyle program (3
months): Compared to baseline:
A total 18 individuals with . E‘nergy-res_tricted, . | body weight (pre: 103.8 & 15.0 kg, post:
Utvari and colleagues Non- PCOS (BMI > 27.0 kg /m?), {ugh—proteln,o Anthropometric measures, 98.7 £159kg; p < 0.0(2)1), BMI (pre: 37.0 & 5.7 kg/ m?, Small sample; no
(2101 4[112] 8 randomized ages 1840 years, OW'CH? (40% N blood pressure, glucose, post: 35.2 4 5.6 kg/m*; p < 0.001), insulin (pre: 42.6 comparison group for
experiment diagnosed by Rotterdam CHO, 30% fat, 30% insulin, and QUICKI . (27.4-96.4) mIU/L, post: 30.9 (21.3-59.1) mIU/L; the intervention.
criteria. protein) diet; p < 0.01), and QUICKI (pre: 0.27 % 0.03,
. Physical activity post: 0.29 + 0.03; p < 0.05).
(aerobic activity for
45 min 2-3x /week).
Energy-Restricted Diet and Psychological Intervention
Energy-Restricted Diet and Cognitive Behavior Therapy
Compared to nutrition/exercise counseling alone, weekly
nutrition/exercise counseling plus CBT showed the
Li . following:
ifestyle program:
N Weekly . | body weight (weekly counseling plus CBT:
A total of 33 individuals nutrition /exercise —0.35 kg/ week [95% CI 0.47 to 00.23], weekly
with PCOS (BMI counseling counseling: —0.16 kg/week [95% CI: 0.28 to 0.04];
Randomized 27.0-50.0 kg/m?) and a (16 weeks); Anthropometric measures p =0.033) Small sample size, high
Cooney and clinical pilot positive screen for lipid profile, elucose ’ More likely to meet their exercise goal (weekly counseling dropout rate for CBT
colleagues (2018) [113] trial P depressive symptoms; or mP; uliFr)1 and. égRP ! plus CBT: 59%, weekly counseling: 38%; p = 0.002) and to group (40%), and short
PCOS diagnosed by 1990 . Weekly ’ ’ keep weekly food diary (weekly counseling plus CBT: 83%, duration.
National Institute of nutrition/exercise weekly counseling: 66%; p = 0.007).Compared to
Health criteria. counseling plus CBT nutrition/exercise counseling plus CBT, nutrition/exercise
“ (8 weeks). counseling alone showed the following:
. | TC (weekly counseling plus CBT: 3
(—5 to 7) mg/dL, weekly counseling: —19
(=19 to —11) mg/dL; p = 0.03).
Lif Compared to baseline, at 12 weeks:
estyle program .
(12 weeks): . | body weight (PCOS: —18.5 + 6.6 kg, control: ReftrospiFtlve, no
) ) - . 2 information on
R . A total of 508 individuals M Lighterlife Total 3313 4+ g IZ ks) 2r1d BMII.(I;%gS:[fOéOki 6.42kg/m v diagnostic criteria, no
. etrospective with PCOS and intervention (VLCD 26 g/mz, control: 40.0 & 6.3 kg/m vs. Ageand information on
Nikokavoura and analysis of v B . 32.9 + 5.7 kg/m?”), with no sig. differences between BMI- o X
nay: 508 controls, approximately 600 Body weight; BP. medication, high
colleagues (2015) [114]  lifestyle ¢ . ywelght groups. matched . /g
& jestyle (BMI > 30.0 kg/m?), ages keal/ d); 1 attrition rate in the
intervention 18-75 years. ° Behavior _Change Compared to control group, the PCOS group showed the controls. intervention (73%), and
program informed following: no comparison of
by CBT. dietary intake.

. 1 SBP (PCOS: —5.5 £ 6.1 mmHg, control:
—0.9 £ 6.1 mmHg; p < 0.001).

1: Increased; |: Decreased; * PCOS: Polycystic Ovary Syndrome; ® BMI: Body Mass Index; ¢ CRP: C-Reactive Protein; 4 HOMA-IR: Homeostatic Model Asessment of Insulin Resistance;
¢ LDL-C: Low-Density Lipoprotein Cholesterol; f WC: Waist Circumference; 8 LBM: Lean Body Mass; h TC: Total Cholesterol; | CHO: Carbohydrate;j TG: Triglycerideas; kK HDL-C:
High-Density Lipoprotein Cholesterol; ! BP: Blood Pressure; ™ BF%: Body Fat Percentage; ™ FFM: Free-Fat Mass; © SBP: Systolic Blood Pressure; P WHR: Waist-to-Hip Ratio; 9 DBP:
Diastolic Blood Pressure; ' TLC: Therapeutic Lifestyle Changes; 8 AUCins: Area Under the Curve Insulin; ! QUICKI: Quantitative Insulin-Sensitivity Check Index; * CBT: Cognitive
Behavior Therapy; ¥ VLCD: Very Low-Calorie Diet.
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4. Discussion
4.1. Summary

Overall, a variety of lifestyle interventions can be utilized to reduce the prevalence
of cardiometabolic risk factors in individuals with PCOS. In this review, randomized
control trials were limited: only 13 of the dietary and 6 of the lifestyle interventions were
randomized interventions. Additionally, many of the intervention studies lacked control
groups, and most studies focused on weight loss and excluded individuals classified within
a healthy BMI range. Only 11 of the dietary and 1 of the lifestyle interventions included
participants with a healthy BMI in their inclusion criteria. Furthermore, only 16 of the
dietary and 3 of the lifestyle interventions did not involve energy restriction. Yet studies
that modified dietary patterns without a caloric deficit [72-85,87,108] saw improvements in
cardiometabolic risk factors. Thus, less restrictive dietary approaches may be better suited
for this population, as they can be applied irrespective of weight and disordered eating
history. This finding is supported by the recommendations from the 2023 International
Evidenced-Based Guidelines for the Assessment and Management of PCOS that indicate
there are benefits to a healthy lifestyle even in the absence of weight loss [1].

Furthermore, the sustainability of weight loss interventions has been questioned [55-57],
and weight cycling has been identified as an independent risk factor for cardiovascular
disease [58,59]. Several weight loss interventions included in this review had high attrition
rates [63-65,89,92,93,100], signaling that the interventions may not be sustainable in real-
world scenarios. This finding, compounded with the disordered eating and poor body
image in the PCOS population [50-54], highlights the importance of a more sustainable
lifestyle intervention that is not solely focused on reducing energy intake for individuals
with PCOS. Due to the possible difficulty to maintain weight loss long term, focusing on
dietary patterns is a strategy to improve health outcomes that may be more sustainable
and better meet the psychological needs of this population. Dietary patterns, such as low
carbohydrate, high protein, low glycemic index, as well as alterations in the eating behavior
including time-restricted feeding, modification of caloric intake timing, and the number
of meals per day, should be further explored in this population among individuals across
BMI ranges.

Additionally, most studies rely on BMI to identify participants, despite a higher
prevalence of cardiometabolic risk factors among all individuals with PCOS, regardless of
BMI [19,26]. This largely limits our understanding of the best lifestyle practices for individ-
uals with PCOS across body sizes. Expanding our research recruitment outside of medical
centers, where individuals with worse clinical presentations may be prevalent [4,18,39],
should be prioritized. Moreover, a more robust screening should be conducted to deter-
mine metabolic risk, as a singular measure of body size is a flawed diagnostic criterion of
one’s overall metabolic health. Individuals who are classified into overweight or obese
BMI categories may be metabolically healthy, just as much as individuals classified into a
healthy BMI category could be metabolically unhealthy [115]. In support of this, the 2023
International Evidenced-Based Guidelines discuss weight stigma in PCOS. The guidelines
acknowledge that while a higher weight and BMI is a risk factor, it is only one indicator of
health and other factors should be considered. Furthermore, the guidelines recommend
offering options for weight-inclusive care that is focused on promoting lifestyle change
without focusing on intentional weight loss [1].

4.2. Strengths and Limitations

To our knowledge, this review is the first to summarize the dietary and lifestyle strate-
gies to reduce cardiometabolic risk in individuals with PCOS across body sizes. Additional,
the strengths include the inclusion and discussion of a wide variety of dietary and lifestyle
interventions to mitigate cardiometabolic risk in individuals with PCOS. Furthermore, this
review included studies that examined lifestyle approaches for individuals with PCOS
across BMI ranges, increasing the applicability of the results to individuals with PCOS
across body sizes. Lastly, a comprehensive search strategy was used and strict exclusion
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criteria were followed in an attempt to minimize selection bias. The limitations of this
review include that only two databases were searched and it did not include conference
proceedings, abstracts, government publications, or theses. The studies incorporated in this
review also utilized different diagnostic criteria for PCOS. The current recommendations
from the 2023 International PCOS guidelines are to use the International Guideline diag-
nostic criteria, which builds upon the Rotterdam criteria [1]. Finally, the results of these
studies were not systematically reviewed and analyzed.

4.3. Implications for the Practice

Currently, few of the included interventions have explored the condition through a
more holistic, biopsychosocial lens. Overlooking the psychological and social factors may
make interventions less sustainable and ultimately, not appropriate for this population.
Individuals with PCOS report being largely unsatisfied with the lifestyle recommendations
that they receive [116-119] and believe that that the psychological aspect of PCOS is largely
ignored [118]. Recent American Heart Association recommendations highlight the clear
association between psychological well-being and cardiovascular disease, demonstrating
how improvements in psychological well-being can lead to improvements in cardiovascular
health. Conversely, detriments to psychological well-being can negatively affect cardiovas-
cular health [120]. In support of this, recent work in women with overweight and infertility
suggests that childhood adversity is associated with poorer health behaviors [121].

There is likely no one-size-fits-all approach to managing PCOS. Thus, a thorough
understanding of an individual’s cardiometabolic risk profile, their weight and disordered
eating history, level of central adiposity, dietary preferences, lifestyle behaviors, previous
experiences with weight loss attempts [122], and potential harm of weight cycling should
all be considered when approaching the care of individuals with PCOS. Attention should be
given to the psychological components of weight stigma, living in a larger body, and PCOS.

While there does not appear to be one type of lifestyle that is preferable for PCOS,
overall, clinicians should promote the adoption of healthy lifestyle behaviors that include
adequate physical activity and a varied, flexible diet that meets nutritional needs, individual
preferences, and cultural considerations, while avoiding unduly restrictive, unbalanced
diet patterns [1]. Overall, a better understanding of what individuals with PCOS want out
of their care and the tailoring of their care to meet their individual preferences and goals is
needed.

4.4. Implications for the Research

While a great deal of research has been conducted on this topic, it is of variable quality
and with a great variety in the type of interventions, limiting our ability to come to strong
conclusions. Future research could utilize the data more efficiently through prospectively
planned pooled analyses. This collaborative approach would allow researchers to com-
bine efforts to elucidate important areas where information is missing. The most recent
International Evidence-Based Guidelines may be a good starting point to identify pertinent
research questions.

Additionally, it is important to improve the detection of PCOS in the general pop-
ulation. If detection continues to be limited to risk groups with overweight or obesity
and/or infertility, individuals with PCOS with a normal body weight may be missed. In an
effort to improve the diagnosis of PCOS, the 2023 International Evidence-Based Guidelines
has recommended that serum anti-Mullerian hormone (AMH) could be used in lieu of
ultrasound for defining PCOS, in conjunction with the pre-existing diagnostic algorithm [1].
Overall, improving detection may allow for an overall better understanding of the spectrum
of disease which can guide future intervention strategies. In addition, efforts should be
made to include study participants across body sizes to understand their burden of disease,
as well as appropriate lifestyle strategies to mitigate cardiometabolic risk.

Lastly, the role of genetics and epigenetics in PCOS needs to be further explored, as
genetic variation appears to play an important role in the pathogenesis of PCOS [123]. Ani-
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mal studies have shown that epigenetic changes in utero can perpetuate PCOS phenotypes
across multiple generations [123]. Understanding the role of genetics and epigenetics can
aid in elucidating the etiologies of PCOS, the development of targeted therapies, and the
transition toward precision medicine for PCOS.

Overall, this review highlights the critical need for a more sustainable lifestyle inter-
vention that meets the needs of individuals with PCOS of varying body weights. Future
research is needed that focuses on improving cardiometabolic risk factors through lifestyle
approaches that simultaneously incorporate the biological, psychological, and social con-
siderations of this unique population to identify an approach that is realistic, sustainable,
and enjoyable.

Author Contributions: Conceptualization: S.H. and K.W.; literature search and data review: S.H.;
writing—original draft preparation: S.H.; writing—review and editing: S.H. and K.W,; supervision:
K.W. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

Teede, HJ.; Tay, C.T,; Laven, ].].E.; Dokras, A.; Moran, L.J.; Piltonen, T.T.; Costello, M.E; Boivin, J.; Redman, L.M.; Boyle, J.A.; et al.
Recommendations From the 2023 International Evidence-Based Guideline for the Assessment and Management of Polycystic
Ovary Syndrome. J. Clin. Endocrinol. Metab. 2023, 108, 2447-2469. [CrossRef] [PubMed]

Deswal, R.; Narwal, V.; Dang, A.; Pundir, C.S. The Prevalence of Polycystic Ovary Syndrome: A Brief Systematic Review. . Hum.
Reprod. Sci. 2020, 13, 261-271. [CrossRef] [PubMed]

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. [CrossRef] [PubMed]

Azziz, R.; Carmina, E.; Chen, Z.; Dunaif, A.; Laven, ].S.E; Legro, R.S.; Lizneva, D.; Natterson-Horowtiz, B.; Teede, H.J.; Yildiz,
B.O. Polycystic Ovary Syndrome. Nat. Rev. Dis. Primer 2016, 2, 16057. [CrossRef] [PubMed]

Costello, M.F,; Misso, M.L.; Balen, A.; Boyle, J.; Devoto, L.; Garad, R.M.; Hart, R.; Johnson, L.; Jordan, C.; Legro, R.S.; et al. Evidence
Summaries and Recommendations from the International Evidence-Based Guideline for the Assessment and Management of
Polycystic Ovary Syndrome: Assessment and Treatment of Infertility. Hum. Reprod. Open 2019, 2019, hoy021. [CrossRef]
[PubMed]

Homburg, R. Management of Infertility and Prevention of Ovarian Hyperstimulation in Women with Polycystic Ovary Syndrome.
Best Pract. Res. Clin. Obstet. Gynaecol. 2004, 18, 773-788. [CrossRef] [PubMed]

Cooney, L.G.; Dokras, A. Beyond Fertility: Polycystic Ovary Syndrome and Long-Term Health. Fertil. Steril. 2018, 110, 794-809.
[CrossRef]

Palomba, S.; Piltonen, T.T.; Giudice, L.C. Endometrial Function in Women with Polycystic Ovary Syndrome: A Comprehensive
Review. Hum. Reprod. Update 2021, 27, 584-618. [CrossRef]

Yu, H.-E; Chen, H.-S.; Rao, D.-P,; Gong, J. Association between Polycystic Ovary Syndrome and the Risk of Pregnancy Complica-
tions: A PRISMA-Compliant Systematic Review and Meta-Analysis. Med. Baltim. 2016, 95, e4863. [CrossRef]

Toscani, M.K.; Mario, EM.; Radavelli-Bagatini, S.; Spritzer, PM. Insulin Resistance Is Not Strictly Associated with Energy Intake
or Dietary Macronutrient Composition in Women with Polycystic Ovary Syndrome. Nutr. Res. 2011, 31, 97-103. [CrossRef]
Wang, Q.; Sun, Y.; Xu, Q.; Liu, W.; Wang, P; Yao, J.; Zhao, A.; Chen, Y.; Wang, W. Higher Dietary Inflammation Potential and
Certain Dietary Patterns Are Associated with Polycystic Ovary Syndrome Risk in China: A Case-Control Study. Nutr. Res. 2022,
100, 1-18. [CrossRef] [PubMed]

Wild, R.A.; Rizzo, M.; Clifton, S.; Carmina, E. Lipid Levels in Polycystic Ovary Syndrome: Systematic Review and Meta-Analysis.
Fertil. Steril. 2011, 95, 1073-1079.e11. [CrossRef] [PubMed]

Schmidt, J.; Landin-Wilhelmsen, K.; Brannstrém, M.; Dahlgren, E. Cardiovascular Disease and Risk Factors in PCOS Women of
Postmenopausal Age: A 21-Year Controlled Follow-up Study. J. Clin. Endocrinol. Metab. 2011, 96, 3794-3803. [CrossRef] [PubMed]
Graff, S.K.; Mario, EM.; Magalhaes, ].A.; Moraes, R.S.; Spritzer, PM. Saturated Fat Intake Is Related to Heart Rate Variability in
Women with Polycystic Ovary Syndrome. Ann. Nutr. Metab. 2017, 71, 224-233. [CrossRef] [PubMed]


https://doi.org/10.1210/clinem/dgad463
https://www.ncbi.nlm.nih.gov/pubmed/37580314
https://doi.org/10.4103/jhrs.JHRS_95_18
https://www.ncbi.nlm.nih.gov/pubmed/33627974
https://doi.org/10.1186/1741-7015-8-41
https://www.ncbi.nlm.nih.gov/pubmed/20591140
https://doi.org/10.1038/nrdp.2016.57
https://www.ncbi.nlm.nih.gov/pubmed/27510637
https://doi.org/10.1093/hropen/hoy021
https://www.ncbi.nlm.nih.gov/pubmed/31486807
https://doi.org/10.1016/j.bpobgyn.2004.05.006
https://www.ncbi.nlm.nih.gov/pubmed/15380146
https://doi.org/10.1016/j.fertnstert.2018.08.021
https://doi.org/10.1093/humupd/dmaa051
https://doi.org/10.1097/MD.0000000000004863
https://doi.org/10.1016/j.nutres.2011.01.009
https://doi.org/10.1016/j.nutres.2021.12.006
https://www.ncbi.nlm.nih.gov/pubmed/35108617
https://doi.org/10.1016/j.fertnstert.2010.12.027
https://www.ncbi.nlm.nih.gov/pubmed/21247558
https://doi.org/10.1210/jc.2011-1677
https://www.ncbi.nlm.nih.gov/pubmed/21956415
https://doi.org/10.1159/000484325
https://www.ncbi.nlm.nih.gov/pubmed/29136632

Nutrients 2023, 15, 5069 32 of 36

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Lu, L; Li, X.; Lv, L,; Xu, Y.; Wu, B.; Huang, C. Dietary and Serum N-3 PUFA and Polycystic Ovary Syndrome: A Matched
Case-Control Study. Br. J. Nutr. 2021, 128, 114-123. [CrossRef] [PubMed]

Kakoly, N.S.; Khomami, M.B.; Joham, A.E.; Cooray, S.D.; Misso, M.L.; Norman, R.J.; Harrison, C.L.; Ranasinha, S.; Teede, H.J.;
Moran, L.J. Ethnicity, Obesity and the Prevalence of Impaired Glucose Tolerance and Type 2 Diabetes in PCOS: A Systematic
Review and Meta-Regression. Hum. Reprod. Update 2018, 24, 455-467. [CrossRef] [PubMed]

Moran, L.J.; Misso, M.L.; Wild, R.A.; Norman, R.J. Impaired Glucose Tolerance, Type 2 Diabetes and Metabolic Syndrome in
Polycystic Ovary Syndrome: A Systematic Review and Meta-Analysis. Hum. Reprod. Update 2010, 16, 347-363. [CrossRef]

Lim, S.S.; Davies, M.].; Norman, R.J.; Moran, L.J. Overweight, Obesity and Central Obesity in Women with Polycystic Ovary
Syndrome: A Systematic Review and Meta-Analysis. Hum. Reprod. Update 2012, 18, 618-637. [CrossRef]

Osibogun, O.; Ogunmoroti, O.; Michos, E.D. Polycystic Ovary Syndrome and Cardiometabolic Risk: Opportunities for Cardiovas-
cular Disease Prevention. Trends Cardiovasc. Med. 2020, 30, 399-404. [CrossRef]

Tsai, Y.-H.; Wang, T.-W.; Wei, H.-].; Hsu, C.-Y.;; Ho, H.-J.; Chen, W.-H.; Young, R.; Liaw, C.-M.; Chao, ].C.-]. Dietary Intake,
Glucose Metabolism and Sex Hormones in Women with Polycystic Ovary Syndrome (PCOS) Compared with Women with
Non-PCOS-Related Infertility. Br. J. Nutr. 2013, 109, 2190-2198. [CrossRef]

Barrea, L.; Arnone, A.; Annunziata, G.; Muscogiuri, G.; Laudisio, D.; Salzano, C.; Pugliese, G.; Colao, A.; Savastano, S. Adherence
to the Mediterranean Diet, Dietary Patterns and Body Composition in Women with Polycystic Ovary Syndrome (PCOS). Nutrients
2019, 11, E2278. [CrossRef] [PubMed]

Graff, S.K.; Mario, EM.; Alves, B.C.; Spritzer, PM. Dietary Glycemic Index Is Associated with Less Favorable Anthropometric
and Metabolic Profiles in Polycystic Ovary Syndrome Women with Different Phenotypes. Fertil. Steril. 2013, 100, 1081-1088.
[CrossRef] [PubMed]

Cutler, D.A.; Pride, S.M.; Cheung, A.P. Low Intakes of Dietary Fiber and Magnesium Are Associated with Insulin Resistance and
Hyperandrogenism in Polycystic Ovary Syndrome: A Cohort Study. Food Sci. Nutr. 2019, 7, 1426-1437. [CrossRef] [PubMed]
Wright, C.E.; Zborowski, J.V.; Talbott, E.O.; McHugh-Pemu, K.; Youk, A. Dietary Intake, Physical Activity, and Obesity in Women
with Polycystic Ovary Syndrome. Int. J. Obes. Relat. Metab. Disord. ]. Int. Assoc. Study Obes. 2004, 28, 1026-1032. [CrossRef]
[PubMed]

Kulshreshtha, B.; Sharma, N.; Pant, S.; Sharma, L.; Pahuja, B.; Singh, P. PCOS Patients Differ in Meal Timings Rather than Total
Caloric or Macronutrient Intake in Comparison to Weight Matched Controls. Eur. J. Obstet. Gynecol. Reprod. Biol. 2022, 270, 11-16.
[CrossRef] [PubMed]

Zhu, S.; Zhang, B; Jiang, X.; Li, Z.; Zhao, S.; Cui, L.; Chen, Z.-]. Metabolic Disturbances in Non-Obese Women with Polycystic
Ovary Syndrome: A Systematic Review and Meta-Analysis. Fertil. Steril. 2019, 111, 168-177. [CrossRef] [PubMed]

Tosi, F.; Bonora, E.; Moghetti, P. Insulin Resistance in a Large Cohort of Women with Polycystic Ovary Syndrome: A Comparison
between Euglycaemic-Hyperinsulinaemic Clamp and Surrogate Indexes. Hum. Reprod. 2017, 32, 2515-2521. [CrossRef] [PubMed]
Da Cunha, N.B.; Ribeiro, C.T; Silva, C.M.; de Rosa-E-Silva, A.C.].S.; De-Souza, D.A. Dietary Intake, Body Composition and
Metabolic Parameters in Women with Polycystic Ovary Syndrome. Clin. Nutr. Edinb. Scotl. 2019, 38, 2342-2348. [CrossRef]
Douglas, C.C.; Norris, L.E.; Oster, R.A.; Darnell, B.E.; Azziz, R.; Gower, B.A. Difference in Dietary Intake between Women with
Polycystic Ovary Syndrome and Healthy Controls. Fertil. Steril. 2006, 86, 411-417. [CrossRef]

Pourghassem Gargari, B.; Houjeghani, S.; Farzadi, L.; Houjeghani, S.; Safaeiyan, A. Relationship between Serum Leptin, Ghrelin
and Dietary Macronutrients in Women with Polycystic Ovary Syndrome. Int. ]. Fertil. Steril. 2015, 9, 313-321. [CrossRef]

Hart, K,; Barr, S.; Reeves, S.; Sharp, K.; Jeanes, Y. Suboptimal Dietary Intake Is Associated with Cardiometabolic Risk Factors in
Women with Polycystic Ovary Syndrome: PCOS and Suboptimal Dietary Intake. Nutr. Diet. 2016, 73, 177-183. [CrossRef]
Cassar, S.; Misso, M.L.; Hopkins, W.G.; Shaw, C.S.; Teede, H.].; Stepto, N.K. Insulin Resistance in Polycystic Ovary Syndrome: A
Systematic Review and Meta-Analysis of Euglycaemic-Hyperinsulinaemic Clamp Studies. Hum. Reprod. 2016, 31, 2619-2631.
[CrossRef] [PubMed]

Polak, A.M.; Krentowska, A.; Lebkowska, A.; Buczyniska, A.; Adamski, M.; Adamska-Patruno, E.; Fiedorczuk, J.; Kretowski, A.J.;
Kowalska, I.; Adamska, A. The Association of Serum Levels of Leptin and Ghrelin with the Dietary Fat Content in Non-Obese
Women with Polycystic Ovary Syndrome. Nutrients 2020, 12, 2753. [CrossRef]

Lord, J.; Thomas, R.; Fox, B.; Acharya, U.; Wilkin, T. The Central Issue? Visceral Fat Mass Is a Good Marker of Insulin Resistance
and Metabolic Disturbance in Women with Polycystic Ovary Syndrome. BJOG Int. ]. Obstet. Gynaecol. 2006, 113, 1203-1209.
[CrossRef] [PubMed]

Kalra, P; Bansal, B.; Nag, P; Singh, ].K.; Gupta, RK.; Kumar, S.; Rathore, R K.S.; Bhatia, V.; Bhatia, E. Abdominal Fat Distribution
and Insulin Resistance in Indian Women with Polycystic Ovarian Syndrome. Fertil. Steril. 2009, 91, 1437-1440. [CrossRef]
[PubMed]

Karabulut, A.; Yaylali, G.E; Demirlenk, S.; Sevket, O.; Acun, A. Evaluation of Body Fat Distribution in PCOS and Its Association
with Carotid Atherosclerosis and Insulin Resistance. Gynecol. Endocrinol. 2012, 28, 111-114. [CrossRef] [PubMed]

Lichtenstein, A.H.; Appel, L.J.; Vadiveloo, M.; Hu, EB.; Kris-Etherton, PM.; Rebholz, C.M.; Sacks, EM.; Thorndike, A.N.; Van
Horn, L.; Wylie-Rosett, J.; et al. 2021 Dietary Guidance to Improve Cardiovascular Health: A Scientific Statement from the
American Heart Association. Circulation 2021, 144, e472—e487. [CrossRef]

Johnson, M. Diet and Nutrition: Implications to Cardiometabolic Health. J. Cardiol. Cardiovasc. Sci. 2019, 3, 4-9. [CrossRef]


https://doi.org/10.1017/S0007114521003007
https://www.ncbi.nlm.nih.gov/pubmed/34372961
https://doi.org/10.1093/humupd/dmy007
https://www.ncbi.nlm.nih.gov/pubmed/29590375
https://doi.org/10.1093/humupd/dmq001
https://doi.org/10.1093/humupd/dms030
https://doi.org/10.1016/j.tcm.2019.08.010
https://doi.org/10.1017/S0007114512004369
https://doi.org/10.3390/nu11102278
https://www.ncbi.nlm.nih.gov/pubmed/31547562
https://doi.org/10.1016/j.fertnstert.2013.06.005
https://www.ncbi.nlm.nih.gov/pubmed/23830153
https://doi.org/10.1002/fsn3.977
https://www.ncbi.nlm.nih.gov/pubmed/31024716
https://doi.org/10.1038/sj.ijo.0802661
https://www.ncbi.nlm.nih.gov/pubmed/15159768
https://doi.org/10.1016/j.ejogrb.2021.12.023
https://www.ncbi.nlm.nih.gov/pubmed/35007973
https://doi.org/10.1016/j.fertnstert.2018.09.013
https://www.ncbi.nlm.nih.gov/pubmed/30611404
https://doi.org/10.1093/humrep/dex308
https://www.ncbi.nlm.nih.gov/pubmed/29040529
https://doi.org/10.1016/j.clnu.2018.10.012
https://doi.org/10.1016/j.fertnstert.2005.12.054
https://doi.org/10.22074/ijfs.2015.4546
https://doi.org/10.1111/1747-0080.12188
https://doi.org/10.1093/humrep/dew243
https://www.ncbi.nlm.nih.gov/pubmed/27907900
https://doi.org/10.3390/nu12092753
https://doi.org/10.1111/j.1471-0528.2006.00973.x
https://www.ncbi.nlm.nih.gov/pubmed/16753044
https://doi.org/10.1016/j.fertnstert.2008.06.037
https://www.ncbi.nlm.nih.gov/pubmed/18722605
https://doi.org/10.3109/09513590.2011.589929
https://www.ncbi.nlm.nih.gov/pubmed/21770828
https://doi.org/10.1161/CIR.0000000000001031
https://doi.org/10.29245/2578-3025/2019/2.1168

Nutrients 2023, 15, 5069 33 of 36

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Kazemi, M.; Kim, J.Y.; Wan, C.; Xiong, J.D.; Michalak, J.; Xavier, I.B.; Ganga, K.; Tay, C.T.; Grieger, J.A.; Parry, S.A,; et al.
Comparison of Dietary and Physical Activity Behaviors in Women with and without Polycystic Ovary Syndrome: A Systematic
Review and Meta-Analysis of 39 471 Women. Hum. Reprod. Update 2022, 28, 910-955. [CrossRef]

Kulkarni, S.D.; Patil, A.N.; Gudi, A.; Homburg, R.; Conway, G.S. Changes in Diet Composition with Urbanization and Its Effect
on the Polycystic Ovarian Syndrome Phenotype in a Western Indian Population. Fertil. Steril. 2019, 112, 758-763. [CrossRef]
Barrea, L.; Muscogiuri, G.; Pugliese, G.; de Alteriis, G.; Colao, A.; Savastano, S. Metabolically Healthy Obesity (MHO) vs.
Metabolically Unhealthy Obesity (MUO) Phenotypes in PCOS: Association with Endocrine-Metabolic Profile, Adherence to the
Mediterranean Diet, and Body Composition. Nutrients 2021, 13, 3925. [CrossRef] [PubMed]

Panidis, D.; Tziomalos, K.; Papadakis, E.; Vosnakis, C.; Chatzis, P; Katsikis, I. Lifestyle Intervention and Anti-Obesity Therapies
in the Polycystic Ovary Syndrome: Impact on Metabolism and Fertility. Endocrine 2013, 44, 583-590. [CrossRef] [PubMed]
Baldani, D.P; Skrgatic, L.; Ougouag, R.; Kasum, M. The Cardiometabolic Effect of Current Management of Polycystic Ovary
Syndrome: Strategies of Prevention and Treatment. Gynecol. Endocrinol. 2018, 34, 87-91. [CrossRef] [PubMed]

Norman, R.J.; Davies, M.].; Lord, J.; Moran, L.J. The Role of Lifestyle Modification in Polycystic Ovary Syndrome. Trends
Endocrinol. Metab. TEM 2002, 13, 251-257. [CrossRef] [PubMed]

Lie Fong, S.; Douma, A.; Verhaeghe, J. Implementing the International Evidence-Based Guideline of Assessment and Management
of Polycystic Ovary Syndrome (PCOS): How to Achieve Weight Loss in Overweight and Obese Women with PCOS? . Gynecol.
Obstet. Hum. Reprod. 2021, 50, 101894. [CrossRef] [PubMed]

Yildiz, B.O.; Knochenhauer, E.S.; Azziz, R. Impact of Obesity on the Risk for Polycystic Ovary Syndrome. J. Clin. Endocrinol.
Metab. 2008, 93, 162-168. [CrossRef] [PubMed]

Khatlani, K.; Njike, V.; Costales, V.C. Effect of Lifestyle Intervention on Cardiometabolic Risk Factors in Overweight and Obese
Women with Polycystic Ovary Syndrome: A Systematic Review and Meta-Analysis. Metab. Syndr. Relat. Disord. 2019, 17, 473-485.
[CrossRef] [PubMed]

Ezeh, U,; Yildiz, B.O.; Azziz, R. Referral Bias in Defining the Phenotype and Prevalence of Obesity in Polycystic Ovary Syndrome.
J. Clin. Endocrinol. Metab. 2013, 98, E1088-E1096. [CrossRef]

Luque-Ramirez, M.; Alpafiés, M.; Sanchon, R.; Fernandez-Duran, E.; Ortiz-Flores, A.E.; Escobar-Morreale, H.F. Referral Bias in
Female Functional Hyperandrogenism and Polycystic Ovary Syndrome. Eur. |. Endocrinol. 2015, 173, 603-610. [CrossRef]

Lee, I.; Cooney, L.G.; Saini, S.; Smith, M.E.; Sammel, M.D.; Allison, K.C.; Dokras, A. Increased Risk of Disordered Eating in
Polycystic Ovary Syndrome. Fertil. Steril. 2017, 107, 796-802. [CrossRef]

Tay, C.T.; Teede, H.J.; Hill, B.; Loxton, D.; Joham, A.E. Increased Prevalence of Eating Disorders, Low Self-Esteem, and Psychologi-
cal Distress in Women with Polycystic Ovary Syndrome: A Community-Based Cohort Study. Fertil. Steril. 2019, 112, 353-361.
[CrossRef] [PubMed]

Jeanes, YM.; Reeves, S.; Gibson, E.L.; Piggott, C.; May, V.A.; Hart, K.H. Binge Eating Behaviours and Food Cravings in Women
with Polycystic Ovary Syndrome. Appetite 2017, 109, 24-32. [CrossRef]

Krug, I; Giles, S.; Paganini, C. Binge Eating in Patients with Polycystic Ovary Syndrome: Prevalence, Causes, and Management
Strategies. Neuropsychiatr. Dis. Treat. 2019, 15, 1273-1285. [CrossRef] [PubMed]

Scaruffi, E.; Franzoi, 1.G.; Civilotti, C.; Guglielmucci, F; La Marca, L.; Tomelini, M.; Veglia, F.; Granieri, A. Body Image, Personality
Profiles and Alexithymia in Patients with Polycystic Ovary Syndrome (PCOS). J. Psychosom. Obstet. Gynecol. 2019, 40, 294-303.
[CrossRef] [PubMed]

Pietildinen, K.H.; Saarni, S.E.; Kaprio, J.; Rissanen, A. Does Dieting Make You Fat? A Twin Study. Int. J. Obes. 2012, 36, 456—464.
[CrossRef] [PubMed]

Mann, T.; Tomiyama, A.J.; Westling, E.; Lew, A.-M.; Samuels, B.; Chatman, ]. Medicare’s Search for Effective Obesity Treatments:
Diets Are Not the Answer. Am. Psychol. 2007, 62, 220-233. [CrossRef] [PubMed]

Fothergill, E.; Guo, ].; Howard, L.; Kerns, ].C.; Knuth, N.D.; Brychta, R.; Chen, K.Y.; Skarulis, M.C.; Walter, M.; Walter, PJ.; et al.
Persistent Metabolic Adaptation 6 Years after “The Biggest Loser” Competition. Obes. Silver Spring Md. 2016, 24, 1612-1619.
[CrossRef] [PubMed]

Kakinami, L.; Knduper, B.; Brunet, ]. Weight Cycling Is Associated with Adverse Cardiometabolic Markers in a Cross-Sectional
Representative US Sample. J. Epidemiol. Community Health 2020, 74, 662—-667. [CrossRef]

Rhee, E.-]. Weight Cycling and Its Cardiometabolic Impact. J. Obes. Metab. Syndr. 2017, 26, 237-242. [CrossRef]

Kiddy, D.S.; Hamilton-Fairley, D.; Seppild, M.; Koistinen, R.; James, V.H.; Reed, M.].; Franks, S. Diet-Induced Changes in Sex
Hormone Binding Globulin and Free Testosterone in Women with Normal or Polycystic Ovaries: Correlation with Serum Insulin
and Insulin-like Growth Factor-1. Clin. Endocrinol. 1989, 31, 757-763. [CrossRef]

Hamilton-Fairley, D.; Kiddy, D.; Anyaoku, V.; Koistinen, R.; Seppéld, M.; Franks, S. Response of Sex Hormone Binding Globulin
and Insulin-like Growth Factor Binding Protein-1 to an Oral Glucose Tolerance Test in Obese Women with Polycystic Ovary
Syndrome before and after Calorie Restriction. Clin. Endocrinol. 1993, 39, 363-367. [CrossRef] [PubMed]

van Dam, EW.C.M.; Roelfsema, F.; Veldhuis, ].D.; Hogendoorn, S.; Westenberg, J.; Helmerhorst, EM.; Frolich, M.; Krans, HM.].;
Meinders, A.E.; Pijl, H. Retention of Estradiol Negative Feedback Relationship to LH Predicts Ovulation in Response to Caloric
Restriction and Weight Loss in Obese Patients with Polycystic Ovary Syndrome. Am. J. Physiol. Endocrinol. Metab. 2004, 286,
E615-E620. [CrossRef] [PubMed]


https://doi.org/10.1093/humupd/dmac023
https://doi.org/10.1016/j.fertnstert.2019.05.021
https://doi.org/10.3390/nu13113925
https://www.ncbi.nlm.nih.gov/pubmed/34836180
https://doi.org/10.1007/s12020-013-9971-5
https://www.ncbi.nlm.nih.gov/pubmed/23625194
https://doi.org/10.1080/09513590.2017.1381681
https://www.ncbi.nlm.nih.gov/pubmed/28944709
https://doi.org/10.1016/S1043-2760(02)00612-4
https://www.ncbi.nlm.nih.gov/pubmed/12128286
https://doi.org/10.1016/j.jogoh.2020.101894
https://www.ncbi.nlm.nih.gov/pubmed/32814159
https://doi.org/10.1210/jc.2007-1834
https://www.ncbi.nlm.nih.gov/pubmed/17925334
https://doi.org/10.1089/met.2019.0049
https://www.ncbi.nlm.nih.gov/pubmed/31513475
https://doi.org/10.1210/jc.2013-1295
https://doi.org/10.1530/EJE-15-0646
https://doi.org/10.1016/j.fertnstert.2016.12.014
https://doi.org/10.1016/j.fertnstert.2019.03.027
https://www.ncbi.nlm.nih.gov/pubmed/31056307
https://doi.org/10.1016/j.appet.2016.11.010
https://doi.org/10.2147/NDT.S168944
https://www.ncbi.nlm.nih.gov/pubmed/31190833
https://doi.org/10.1080/0167482X.2018.1530210
https://www.ncbi.nlm.nih.gov/pubmed/30398405
https://doi.org/10.1038/ijo.2011.160
https://www.ncbi.nlm.nih.gov/pubmed/21829159
https://doi.org/10.1037/0003-066X.62.3.220
https://www.ncbi.nlm.nih.gov/pubmed/17469900
https://doi.org/10.1002/oby.21538
https://www.ncbi.nlm.nih.gov/pubmed/27136388
https://doi.org/10.1136/jech-2019-213419
https://doi.org/10.7570/jomes.2017.26.4.237
https://doi.org/10.1111/j.1365-2265.1989.tb01297.x
https://doi.org/10.1111/j.1365-2265.1993.tb02378.x
https://www.ncbi.nlm.nih.gov/pubmed/7693380
https://doi.org/10.1152/ajpendo.00377.2003
https://www.ncbi.nlm.nih.gov/pubmed/14678951

Nutrients 2023, 15, 5069 34 of 36

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Kiddy, D.S.; Hamilton-Fairley, D.; Bush, A.; Short, F; Anyaoku, V.; Reed, M.].; Franks, S. Improvement in Endocrine and Ovarian
Function during Dietary Treatment of Obese Women with Polycystic Ovary Syndrome. Clin. Endocrinol. 1992, 36, 105-111.
[CrossRef] [PubMed]

Tolino, A.; Gambardella, V.; Caccavale, C.; D'Ettore, A.; Giannotti, F.,; D’Anto, V.; De Falco, C.L. Evaluation of Ovarian Functionality
after a Dietary Treatment in Obese Women with Polycystic Ovary Syndrome. Eur. J. Obstet. Gynecol. Reprod. Biol. 2005, 119, 87-93.
[CrossRef] [PubMed]

Andersen, P.; Seljeflot, I.; Abdelnoor, M.; Arnesen, H.; Dale, P.O.; Lovik, A.; Birkeland, K. Increased Insulin Sensitivity and
Fibrinolytic Capacity after Dietary Intervention in Obese Women with Polycystic Ovary Syndrome. Metabolism 1995, 44, 611-616.
[CrossRef] [PubMed]

Magagnini, M.C.; Condorelli, R.A.; Cimino, L.; Cannarella, R.; Aversa, A.; Calogero, A.E.; La Vignera, S. Does the Ketogenic Diet
Improve the Quality of Ovarian Function in Obese Women? Nutrients 2022, 14, 4147. [CrossRef] [PubMed]

Holte, J.; Bergh, T.; Berne, C.; Wide, L.; Lithell, H. Restored Insulin Sensitivity but Persistently Increased Early Insulin Secretion
after Weight Loss in Obese Women with Polycystic Ovary Syndrome. J. Clin. Endocrinol. Metab. 1995, 80, 2586-2593. [CrossRef]
Moran, L.J.; Noakes, M.; Clifton, P.M.; Wittert, G.A.; Belobrajdic, D.P.; Norman, R.]. C-Reactive Protein before and after Weight
Loss in Overweight Women with and without Polycystic Ovary Syndrome. J. Clin. Endocrinol. Metab. 2007, 92, 2944-2951.
[CrossRef]

Moran, L.J.; Noakes, M.; Clifton, PM.; Wittert, G.A.; Le Roux, C.W.; Ghatei, M.A.; Bloom, S.R.; Norman, R.J. Postprandial Ghrelin,
Cholecystokinin, Peptide YY, and Appetite before and after Weight Loss in Overweight Women with and without Polycystic
Ovary Syndrome. Am. |. Clin. Nutr. 2007, 86, 1603-1610. [CrossRef]

Moini, A.; Arabipoor, A.; Hemat, M.; Ahmadi, J.; Salman-Yazdi, R.; Zolfaghari, Z. The Effect of Weight Loss Program on Serum
Anti-Miillerian Hormone Level in Obese and Overweight Infertile Women with Polycystic Ovary Syndrome. Gynecol. Endocrinol.
2019, 35, 119-123. [CrossRef]

Soares, N.P.; dos Santos, A.C.S.; Costa, E.C.; Azevedo, G.D.; Damasceno, D.C.; Fayh, A.P.T.; Lemos, T.M.A .M. Diet-Induced
Weight Loss Reduces DNA Damage and Cardiometabolic Risk Factors in Overweight/Obese Women with Polycystic Ovary
Syndrome. Ann. Nutr. Metab. 2016, 68, 220-227. [CrossRef] [PubMed]

Douglas, C.C.; Gower, B.A.; Darnell, B.E.; Ovalle, F,; Oster, R.A.; Azziz, R. Role of Diet in the Treatment of Polycystic Ovary
Syndrome. Fertil. Steril. 2006, 85, 679—-688. [CrossRef] [PubMed]

Gower, B.A.; Chandler-Laney, P.C.; Ovalle, F,; Goree, L.L.; Azziz, R.; Desmond, R.A.; Granger, WM.; Goss, A.M.; Bates, G.W.
Favourable Metabolic Effects of a Eucaloric Lower-Carbohydrate Diet in Women with PCOS. Clin. Endocrinol. 2013, 79, 550-557.
[CrossRef]

Perelman, D.; Coghlan, N.; Lamendola, C.; Carter, S.; Abbasi, F.; McLaughlin, T. Substituting Poly- and Mono-Unsaturated Fat for
Dietary Carbohydrate Reduces Hyperinsulinemia in Women with Polycystic Ovary Syndrome. Gynecol. Endocrinol. 2017, 33,
324-327. [CrossRef]

Karamali, M.; Kashanian, M.; Alaeinasab, S.; Asemi, Z. The Effect of Dietary Soy Intake on Weight Loss, Glycaemic Control,
Lipid Profiles and Biomarkers of Inflammation and Oxidative Stress in Women with Polycystic Ovary Syndrome: A Randomised
Clinical Trial. J. Hum. Nutr. Diet. 2018, 31, 533-543. [CrossRef] [PubMed]

Serensen, L.B.; See, M.; Halkier, K.H.; Stigsby, B.; Astrup, A. Effects of Increased Dietary Protein-to-Carbohydrate Ratios in
Women with Polycystic Ovary Syndrome. Am. |. Clin. Nutr. 2012, 95, 39-48. [CrossRef] [PubMed]

Hays, ].H.; DiSabatino, A.; Gorman, R.T.; Vincent, S.; Stillabower, M.E. 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.
[CrossRef]

Marsh, K.A.; Steinbeck, K.S.; Atkinson, ES.; Petocz, P.; Brand-Miller, J.C. Effect of a Low Glycemic Index Compared with a
Conventional Healthy Diet on Polycystic Ovary Syndrome. Am. J. Clin. Nutr. 2010, 92, 83-92. [CrossRef]

Barr, S.; Reeves, S.; Sharp, K.; Jeanes, Y.M. An Isocaloric Low Glycemic Index Diet Improves Insulin Sensitivity in Women with
Polycystic Ovary Syndrome. J. Acad. Nutr. Diet. 2013, 113, 1523-1531. [CrossRef]

Panico, A.; Lupoli, G.A.; Cioffi, I.; Zacchia, G.; Caldara, A.; Lupoli, G.; Contaldo, F; Pasanisi, F. Effects of an Isocaloric
Low-Glycemic-Load Diet in Polycystic Ovary Syndrome. Nutr. Ther. Metab. 2014, 32, 85-92. [CrossRef]

Pohlmeier, A.M.; Phy, ]J.L.; Watkins, P.; Boylan, M.; Spallholz, J.; Harris, K.S.; Cooper, J.A. Effect of a Low-Starch/Low-Dairy
Diet on Fat Oxidation in Overweight and Obese Women with Polycystic Ovary Syndrome. Appl. Physiol. Nutr. Metab. 2014, 39,
1237-1244. [CrossRef] [PubMed]

Paoli, A.; Mancin, L.; Giacona, M.C.; Bianco, A.; Caprio, M. Effects of a Ketogenic Diet in Overweight Women with Polycystic
Ovary Syndrome. J. Transl. Med. 2020, 18, 104. [CrossRef] [PubMed]

Li, C; Xing, C.; Zhang, J.; Zhao, H.; Shi, W.; He, B. Eight-Hour Time-Restricted Feeding Improves Endocrine and Metabolic
Profiles in Women with Anovulatory Polycystic Ovary Syndrome. J. Transl. Med. 2021, 19, 148. [CrossRef] [PubMed]
Jakubowicz, D.; Barnea, M.; Wainstein, J.; Froy, O. Effects of Caloric Intake Timing on Insulin Resistance and Hyperandrogenism
in Lean Women with Polycystic Ovary Syndrome. Clin. Sci. 2013, 125, 423-432. [CrossRef] [PubMed]

Papakonstantinou, E.; Kechribari, I.; Mitrou, P.; Trakakis, E.; Vassiliadi, D.; Georgousopoulou, E.; Zampelas, A.; Kontogianni,
M.D.; Dimitriadis, G. Effect of Meal Frequency on Glucose and Insulin Levels in Women with Polycystic Ovary Syndrome: A
Randomised Trial. Eur. J. Clin. Nutr. 2016, 70, 588-594. [CrossRef]


https://doi.org/10.1111/j.1365-2265.1992.tb02909.x
https://www.ncbi.nlm.nih.gov/pubmed/1559293
https://doi.org/10.1016/j.ejogrb.2004.06.043
https://www.ncbi.nlm.nih.gov/pubmed/15734091
https://doi.org/10.1016/0026-0495(95)90118-3
https://www.ncbi.nlm.nih.gov/pubmed/7752909
https://doi.org/10.3390/nu14194147
https://www.ncbi.nlm.nih.gov/pubmed/36235799
https://doi.org/10.1210/jcem.80.9.7673399
https://doi.org/10.1210/jc.2006-2336
https://doi.org/10.1093/ajcn/86.5.1603
https://doi.org/10.1080/09513590.2018.1499084
https://doi.org/10.1159/000444130
https://www.ncbi.nlm.nih.gov/pubmed/27073909
https://doi.org/10.1016/j.fertnstert.2005.08.045
https://www.ncbi.nlm.nih.gov/pubmed/16500338
https://doi.org/10.1111/cen.12175
https://doi.org/10.1080/09513590.2016.1259407
https://doi.org/10.1111/jhn.12545
https://www.ncbi.nlm.nih.gov/pubmed/29468748
https://doi.org/10.3945/ajcn.111.020693
https://www.ncbi.nlm.nih.gov/pubmed/22158730
https://doi.org/10.4065/78.11.1331
https://doi.org/10.3945/ajcn.2010.29261
https://doi.org/10.1016/j.jand.2013.06.347
https://doi.org/10.5301/NTM.2014.12407
https://doi.org/10.1139/apnm-2014-0073
https://www.ncbi.nlm.nih.gov/pubmed/25109619
https://doi.org/10.1186/s12967-020-02277-0
https://www.ncbi.nlm.nih.gov/pubmed/32103756
https://doi.org/10.1186/s12967-021-02817-2
https://www.ncbi.nlm.nih.gov/pubmed/33849562
https://doi.org/10.1042/CS20130071
https://www.ncbi.nlm.nih.gov/pubmed/23688334
https://doi.org/10.1038/ejcn.2015.225

Nutrients 2023, 15, 5069 35 of 36

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Asemi, Z.; Samimi, M.; Taghizadeh, M.; Esmaillzadeh, A. Effects of Ramadan Fasting on Glucose Homeostasis, Lipid Profiles,
Inflammation and Oxidative Stress in Women with Polycystic Ovary Syndrome in Kashan, Iran. Arch. Iran. Med. 2015, 18,
806-810.

Tantalaki, E.; Piperi, C.; Livadas, S.; Kollias, A.; Adamopoulos, C.; Koulouri, A.; Christakou, C.; Diamanti-Kandarakis, E. Impact
of Dietary Modification of Advanced Glycation End Products (AGEs) on the Hormonal and Metabolic Profile of Women with
Polycystic Ovary Syndrome (PCOS). Hormones 2014, 13, 65-73. [CrossRef]

Kasim-Karakas, S.E.; Almario, R.U.; Cunningham, W. Effects of Protein versus Simple Sugar Intake on Weight Loss in Polycystic
Ovary Syndrome (According to the National Institutes of Health Criteria). Fertil. Steril. 2009, 92, 262-270. [CrossRef]

Moran, L.J.; Noakes, M.; Clifton, PM.; Tomlinson, L.; Norman, R.J. Dietary Composition in Restoring Reproductive and Metabolic
Physiology in Overweight Women with Polycystic Ovary Syndrome. J. Clin. Endocrinol. Metab. 2003, 88, 812-819. [CrossRef]
Moran, L.J.; Noakes, M.; Clifton, PM.; Wittert, G.A.; Tomlinson, L.; Galletly, C.; Luscombe, N.D.; Norman, R.J. 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. [CrossRef]

Toscani, M.K.; Mario, EM.; Radavelli-Bagatini, S.; Wiltgen, D.; Cristina Matos, M.; Spritzer, PM. Effect of High-Protein or
Normal-Protein Diet on Weight Loss, Body Composition, Hormone, and Metabolic Profile in Southern Brazilian Women with
Polycystic Ovary Syndrome: A Randomized Study. Gynecol. Endocrinol. 2011, 27, 925-930. [CrossRef] [PubMed]

Stamets, K.; Taylor, D.S.; Kunselman, A.; Demers, L.M.; Pelkman, C.L.; Legro, R.S. A Randomized Trial of the Effects of Two Types
of Short-Term Hypocaloric Diets on Weight Loss in Women with Polycystic Ovary Syndrome. Fertil. Steril. 2004, 81, 630—637.
[CrossRef] [PubMed]

Moran, L.J.; Noakes, M.; Clifton, PM.; Wittert, G.A.; Williams, G.; Norman, R.J. Short-Term Meal Replacements Followed by
Dietary Macronutrient Restriction Enhance Weight Loss in Polycystic Ovary Syndrome. Am. ]. Clin. Nutr. 2006, 84, 77-87.
[CrossRef] [PubMed]

Asemi, Z.; Samimi, M.; Tabassi, Z.; Shakeri, H.; Sabihi, S.-S.; Esmaillzadeh, A. Effects of DASH Diet on Lipid Profiles and
Biomarkers of Oxidative Stress in Overweight and Obese Women with Polycystic Ovary Syndrome: A Randomized Clinical Trial.
Nutrition 2014, 30, 1287-1293. [CrossRef] [PubMed]

Foroozanfard, F,; Rafiei, H.; Samimi, M.; Gilasi, H.R.; Gorjizadeh, R.; Heidar, Z.; Asemi, Z. The Effects of Dietary Approaches
to Stop Hypertension Diet on Weight Loss, Anti-Miillerian Hormone and Metabolic Profiles in Women with Polycystic Ovary
Syndrome: A Randomized Clinical Trial. Clin. Endocrinol. 2017, 87, 51-58. [CrossRef] [PubMed]

Shishehgar, F.; Mirmiran, P.; Rahmati, M.; Tohidi, M.; Ramezani Tehrani, F. Does a Restricted Energy Low Glycemic Index Diet
Have a Different Effect on Overweight Women with or without Polycystic Ovary Syndrome? BMC Endocr. Disord. 2019, 19, 93.
[CrossRef] [PubMed]

Szczuko, M.; Malarczyk, 1.; Zapatlowska-Chwy¢, M. Improvement in Anthropometric Parameters after Rational Dietary Interven-
tion in Women with Polycystic Ovary Syndrome as the Best Method to Support Treatment. Rocz. Panstw. Zakl. Hig. 2017, 68,
409-417.

Szczuko, M.; Zapatowska-Chwy¢, M.; Drozd, A.; Maciejewska, D.; Starczewski, A.; Wysokiriski, P.; Stachowska, E. Changes in the
IGF-1 and TNF-o Synthesis Pathways before and after Three-Month Reduction Diet with Low Glicemic Index in Women with
PCOS. Ginekol. Pol. 2018, 89, 295-303. [CrossRef]

Mehrabani, H.H.; Salehpour, S.; Amiri, Z.; Farahani, S.J.; Meyer, B.J.; Tahbaz, F. 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. [CrossRef]

Kuchenbecker, W.K.H.; Groen, H.; van Asselt, S.]J.; Bolster, ] H.T.; Zwerver, J.; Slart, R.H.J.; Vd Jagt, E.J.; Muller Kobold, A.C,;
Wolffenbuttel, B.H.R.; Land, J.A.; et al. In Women with Polycystic Ovary Syndrome and Obesity, Loss of Intra-Abdominal Fat Is
Associated with Resumption of Ovulation. Hum. Reprod. Oxf. Engl. 2011, 26, 2505-2512. [CrossRef]

Nybacka, A. ; Carlstrom, K.; Stahle, A.; Nyrén, S.; Hellstrom, PM.; Hirschberg, A.L. Randomized Comparison of the Influence
of Dietary Management and/or Physical Exercise on Ovarian Function and Metabolic Parameters in Overweight Women with
Polycystic Ovary Syndrome. Fertil. Steril. 2011, 96, 1508-1513. [CrossRef] [PubMed]

Nybacka, A Hellstrom, PM.; Hirschberg, A.L. Increased Fibre and Reduced Trans Fatty Acid Intake Are Primary Predictors of
Metabolic Improvement in Overweight Polycystic Ovary Syndrome-Substudy of Randomized Trial between Diet, Exercise and
Diet plus Exercise for Weight Control. Clin. Endocrinol. 2017, 87, 680-688. [CrossRef] [PubMed]

Palomba, S.; Giallauria, F; Falbo, A.; Russo, T.; Oppedisano, R.; Tolino, A.; Colao, A.; Vigorito, C.; Zullo, E; Orio, F. Struc-
tured Exercise Training Programme versus Hypocaloric Hyperproteic Diet in Obese Polycystic Ovary Syndrome Patients with
Anovulatory Infertility: A 24-Week Pilot Study. Hum. Reprod. Oxf. Engl. 2008, 23, 642—650. [CrossRef] [PubMed]

Wang, Z.; Groen, H.; Cantineau, A.E.P.; van Elten, T.M.; Karsten, M.D.A; van Oers, A.M.; Mol, B.W.J.; Roseboom, T.J.; Hoek, A.
Effectiveness of a 6-Month Lifestyle Intervention on Diet, Physical Activity, Quality of Life, and Markers of Cardiometabolic
Health in Women with PCOS and Obesity and Non-PCOS Obese Controls: One Size Fits All? Nutrients 2021, 13, 3425. [CrossRef]
[PubMed]

Olszanecka-Glinianowicz, M.; Zahorska-Markiewicz, B.; Kocetak, P.; Janowska, J.; Semik-Grabarczyk, E. The Effect of Weight
Loss on Inflammation in Obese Women with Polycystic Ovary Syndrome. Endokrynol. Pol. 2008, 59, 13-17. [PubMed]


https://doi.org/10.1007/BF03401321
https://doi.org/10.1016/j.fertnstert.2008.05.065
https://doi.org/10.1210/jc.2002-020815
https://doi.org/10.1210/jc.2003-031583
https://doi.org/10.3109/09513590.2011.564686
https://www.ncbi.nlm.nih.gov/pubmed/21627406
https://doi.org/10.1016/j.fertnstert.2003.08.023
https://www.ncbi.nlm.nih.gov/pubmed/15037413
https://doi.org/10.1093/ajcn/84.1.77
https://www.ncbi.nlm.nih.gov/pubmed/16825684
https://doi.org/10.1016/j.nut.2014.03.008
https://www.ncbi.nlm.nih.gov/pubmed/25194966
https://doi.org/10.1111/cen.13333
https://www.ncbi.nlm.nih.gov/pubmed/28316072
https://doi.org/10.1186/s12902-019-0420-1
https://www.ncbi.nlm.nih.gov/pubmed/31477085
https://doi.org/10.5603/GP.a2018.0051
https://doi.org/10.1080/07315724.2012.10720017
https://doi.org/10.1093/humrep/der229
https://doi.org/10.1016/j.fertnstert.2011.09.006
https://www.ncbi.nlm.nih.gov/pubmed/21962963
https://doi.org/10.1111/cen.13427
https://www.ncbi.nlm.nih.gov/pubmed/28727165
https://doi.org/10.1093/humrep/dem391
https://www.ncbi.nlm.nih.gov/pubmed/18158291
https://doi.org/10.3390/nu13103425
https://www.ncbi.nlm.nih.gov/pubmed/34684438
https://www.ncbi.nlm.nih.gov/pubmed/18335395

Nutrients 2023, 15, 5069 36 of 36

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Thomson, R.L.; Buckley, ].D.; Noakes, M.; Clifton, PM.; Norman, R.J.; Brinkworth, G.D. The Effect of a Hypocaloric Diet with and
without Exercise Training on Body Composition, Cardiometabolic Risk Profile, and Reproductive Function in Overweight and
Obese Women with Polycystic Ovary Syndrome. J. Clin. Endocrinol. Metab. 2008, 93, 3373-3380. [CrossRef]

Pasquali, R.; Gambineri, A.; Cavazza, C.; Ibarra Gasparini, D.; Ciampaglia, W.; Cognigni, G.E.; Pagotto, U. 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. [CrossRef]

Kazemi, M.; McBreairty, L.E.; Chizen, D.R.; Pierson, R.A.; Chilibeck, P.D.; Zello, G.A. A Comparison of a Pulse-Based Diet and the
Therapeutic Lifestyle Changes Diet in Combination with Exercise and Health Counselling on the Cardio-Metabolic Risk Profile in
Women with Polycystic Ovary Syndrome: A Randomized Controlled Trial. Nutrients 2018, 10, E1387. [CrossRef]

Bruner, B.; Chad, K.; Chizen, D. Effects of Exercise and Nutritional Counseling in Women with Polycystic Ovary Syndrome. Appl.
Physiol. Nutr. Metab. 2006, 31, 384-391. [CrossRef]

Huber-Buchholz, M.M.; Carey, D.G.; Norman, R.J. Restoration of Reproductive Potential by Lifestyle Modification in Obese
Polycystic Ovary Syndrome: Role of Insulin Sensitivity and Luteinizing Hormone. J. Clin. Endocrinol. Metab. 1999, 84, 1470-1474.
[CrossRef]

Salama, A.A.; Amine, E.K; Salem, H.A.E.; Abd El Fattah, N.K. Anti-Inflammatory Dietary Combo in Overweight and Obese
Women with Polycystic Ovary Syndrome. N. Am. J. Med. Sci. 2015, 7, 310-316. [CrossRef]

Ujvari, D.; Hulchiy, M.; Calaby, A.; Nybacka, A.; Bystrom, B.; Hirschberg, A.L. Lifestyle Intervention Up-Regulates Gene and
Protein Levels of Molecules Involved in Insulin Signaling in the Endometrium of Overweight/Obese Women with Polycystic
Ovary Syndrome. Hum. Reprod. 2014, 29, 1526-1535. [CrossRef] [PubMed]

Cooney, L.G.; Milman, L.W.; Hantsoo, L.; Kornfield, S.; Sammel, M.D.; Allison, K.C.; Epperson, C.N.; Dokras, A. Cognitive-
Behavioral Therapy Improves Weight Loss and Quality of Life in Women with Polycystic Ovary Syndrome: A Pilot Randomized
Clinical Trial. Fertil. Steril. 2018, 110, 161-171.el. [CrossRef]

Nikokavoura, E.A.; Johnston, K.L.; Broom, J.; Wrieden, W.L.; Rolland, C. Weight Loss for Women with and without Polycystic
Ovary Syndrome Following a Very Low-Calorie Diet in a Community-Based Setting with Trained Facilitators for 12 Weeks.
Diabetes Metab. Syndr. Obes. Targets Ther. 2015, 8, 495-503. [CrossRef]

Sharma, A.M.; Campbell-Scherer, D.L. Redefining Obesity: Beyond the Numbers: Redefining Obesity. Obesity 2017, 25, 660—-661.
[CrossRef] [PubMed]

Gibson-Helm, M.; Teede, H.; Dunaif, A.; Dokras, A. Delayed Diagnosis and a Lack of Information Associated with Dissatisfaction
in Women with Polycystic Ovary Syndrome. J. Clin. Endocrinol. Metab. 2016, 102, 604-612. [CrossRef]

Gibson-Helm, M.E.; Lucas, LM.; Boyle, ].A.; Teede, H.]. Women'’s Experiences of Polycystic Ovary Syndrome Diagnosis. Fam.
Pract. 2014, 31, 545-549. [CrossRef] [PubMed]

Ismayilova, M.; Yaya, S. “I Felt like She Didn’t Take Me Seriously”: A Multi-Methods Study Examining Patient Satisfaction and
Experiences with Polycystic Ovary Syndrome (PCOS) in Canada. BMC Womens Health 2022, 22, 47. [CrossRef]

Tomlinson, J.; Pinkney, ].; Adams, L.; Stenhouse, E.; Bendall, A.; Corrigan, O.; Letherby, G. The Diagnosis and Lived Experience of
Polycystic Ovary Syndrome: A Qualitative Study. J. Adv. Nurs. 2017, 73, 2318-2326. [CrossRef]

Levine, G.N.; Cohen, B.E.; Commodore-Mensah, Y.; Fleury, J.; Huffman, ].C.; Khalid, U.; Labarthe, D.R.; Lavretsky, H.; Michos,
E.D.; Spatz, E.S,; et al. Psychological Health, Well-Being, and the Mind-Heart-Body Connection: A Scientific Statement From the
American Heart Association. Circulation 2021, 143, e763—e783. [CrossRef]

Van Dammen, L.; Bush, N.R.; De Rooij, S.R.; Mol, B.W].; Groen, H.; Hoek, A.; Roseboom, T.J. Childhood Adversity and Women's
Cardiometabolic Health in Adulthood: Associations with Health Behaviors, Psychological Distress, Mood Symptoms, and
Personality. BMC Womens Health 2019, 19, 102. [CrossRef]

Karsten, M.D.A.; Van Oers, A.M.; Groen, H.; Mutsaerts, M.A.Q.; Van Poppel, M.N.M.; Geelen, A.; Van De Beek, C.; Painter,
R.C.; Mol, B.W.J.; Roseboom, T.J.; et al. Determinants of Successful Lifestyle Change during a 6-Month Preconception Lifestyle
Intervention in Women with Obesity and Infertility. Eur. ]. Nutr. 2019, 58, 2463-2475. [CrossRef]

Dapas, M.; Dunaif, A. Deconstructing a Syndrome: Genomic Insights Into PCOS Causal Mechanisms and Classification. Endocr.
Rev. 2022, 43, 927-965. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1210/jc.2008-0751
https://doi.org/10.1530/EJE-10-0692
https://doi.org/10.3390/nu10101387
https://doi.org/10.1139/h06-007
https://doi.org/10.1210/jc.84.4.1470
https://doi.org/10.4103/1947-2714.161246
https://doi.org/10.1093/humrep/deu114
https://www.ncbi.nlm.nih.gov/pubmed/24842895
https://doi.org/10.1016/j.fertnstert.2018.03.028
https://doi.org/10.2147/DMSO.S85134
https://doi.org/10.1002/oby.21801
https://www.ncbi.nlm.nih.gov/pubmed/28349662
https://doi.org/10.1210/jc.2016-2963
https://doi.org/10.1093/fampra/cmu028
https://www.ncbi.nlm.nih.gov/pubmed/24925927
https://doi.org/10.1186/s12905-022-01630-3
https://doi.org/10.1111/jan.13300
https://doi.org/10.1161/CIR.0000000000000947
https://doi.org/10.1186/s12905-019-0797-z
https://doi.org/10.1007/s00394-018-1798-7
https://doi.org/10.1210/endrev/bnac001
https://www.ncbi.nlm.nih.gov/pubmed/35026001

	Introduction 
	Methods 
	Results 
	Dietary Interventions 
	Energy-Restricted Diets 
	Macronutrient Distribution 
	Dietary Patterns 
	Eating Behavior 
	Energy Restriction and Macronutrient Distribution 
	Energy Restriction and Dietary Pattern 

	Lifestyle Interventions 
	Energy Restriction and Exercise 
	Dietary Patterns and Exercise 
	Nutrition Education and Exercise 
	Energy Restriction, Dietary Pattern, and Exercise 
	Energy Restriction and Cognition 


	Discussion 
	Summary 
	Strengths and Limitations 
	Implications for the Practice 
	Implications for the Research 

	References

