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Abstract 

Background  Polycystic Ovary Syndrome (PCOS) is one of the most common hormonal disorders in reproductive-
age women caused by hyperinsulinemia. The portfolio Moderate-carbohydrate diet (PMCD) is a plant-based diet 
with a carbohydrate content of 40% and incorporates five cholesterol-lowering foods. While, the ketogenic diet 
is a high-fat diet with 70% fat, promoting a ketosis state. To the best of our knowledge, no study compared the thera-
peutic effects of these two diets in PCOS patients. Thus, this study aimed to compare the impact of PLCD and KD 
on anthropometric indices, metabolic status, and hormonal levels in overweight or obese women with PCOS.

Methods  This open-label, randomized clinical trial was conducted on forty-six PCOS women. 21 women in PMCD 
and 19 in the KD group completed the study. The anthropometric indices including body mass index (BMI) and fat 
body mass (FBM), metabolic markers (fasting blood glucose (FBG)) and plasma lipid profiles including low-density 
lipoprotein (LDL), triglycerides, and high-density lipoproteins (HDL) were measured. Reproductive hormones 
such as luteinizing hormone (LH), dehydroepiandrosterone sulfate (DHEA-s) and free testosterone were assessed 
at the baseline and after the intervention.

Results  However, after 8 weeks both diets demonstrated enhancement in anthropometric indices (BMI, FBM, lean 
body mass), metabolic status (FBG, insulin serum levels), and reproductive hormones such as LH, free testosterone, 
and DHEA-s. The mean difference in the KD improved more than the PMCD in the field of BMI reduction (MD (SD) 2.73 
(0.351) vs. MD (SD) 1.71 (0.775)) and LH (MD 4.13 (1.375) vs.MD 2.46 (1.105)). Nevertheless, the lipid profile includ-
ing LDL-C and triglycerides improved more in the PMCD compared to the KD (MD 33.95 (7.345) vs. MD 23.34 (14.136)) 
and (MD 38.20 (10.757) vs. MD 57.62 (21.688)) respectively. There were no significant changes in the Ferriman-Gallwey 
score within or between the two groups.
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Conclusion  The findings revealed that both diets were effective in improving PCOS manifestations. However, the KD 
exhibited greater effectiveness in enhancing body measurements, metabolic factors, and reproductive hormone 
levels compared to the PMCD in obese PCOS women. Furthermore, PMCD could be more beneficial for PCOS women 
with lipide disorders.

Registration number of clinical trial  IRCT20200912048693N3, Trial registered 2022–12–14. https://​www.​irct.​ir/​trial/​
67548
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Introduction
Polycystic Ovary Syndrome (PCOS) is the most com-
mon endocrine-metabolic disorder among women of 
reproductive age, with a global prevalence of 20% [1]. 
PCOS is primarily caused by the overproduction of 
androgens from the ovaries and/or adrenal glands, 
although in certain women, it is associated with insulin 
resistance and metabolic imbalances [2]. The main clin-
ical symptoms of this disease are hyperandrogenism, 
menstrual disturbances (oligomenorrhea, amenorrhea, 
prolonged irregular menstrual bleeding), alteration in 
the ovarian morphology, hirsutism, acne, and alopecia 
[3]. Observational studies have found a high prevalence 
of overweight and obesity in women with PCOS, with 
an estimated 75% being affected which is attributed to 
elevated androgen levels and an imbalance in the FSH/
LH ratio [4]. Additionally, both normal-weight and 
overweight women with PCOS were found to exhibit 
android fat distribution [5]. This pattern of fat distribu-
tion, known as central obesity, is linked to metabolic 
syndrome (insulin resistance, high insulin levels, and 
abnormal lipid levels as well as ovarian hyperandrogen-
ism which worsens the severity of PCOS [6]. Hence, 
there is a mutually instrumental relationship between 
obesity and PCOS. Moreover, significant alterations in 
carbohydrate, lipid, and amino acid metabolism with 
specific metabolomic such as a decrease in citric and 
lactic acid levels, isophosphatidylcholines, and glyc-
erol phosphocholine, and increase in free fatty acids 
including carnitine, linoleic acid, and oleic acid have 
been identified among obese women with PCOS [7, 
8]. Since these women suffer from low-grade chronic 
inflammation due to high levels of fat mass and insu-
lin resistance, they are more susceptible to metabolic 
abnormalities such as hyperinsulinemia, impaired glu-
cose metabolism, infertility, hypertension, and lipid 
profile disorders, which markedly increase the risk 
of chronic diseases like type 2 diabetes mellitus, car-
diovascular disease, and metabolic syndrome [9–11]. 
PCOS diagnosis follows the Rotterdam criteria, requir-
ing the presence of at least two out of three criteria: (I) 
clinical signs of hyperandrogenism (such as hirsutism, 
acne, seborrhea, and alopecia) and/or elevated levels 

of circulating androgens; (II) presence of ovarian cysts 
assessed by ultrasound examination; and (III) oligo-
amenorrhea with oligo-or anovulation [12].

Although the treatment approaches for PCOS are 
based on the severity of complications, the corner-
stone of PCOS treatment is based on a lifestyle change 
approach, with an emphasis on modifying diet and 
engaging in regular exercise [13]. A diet high in carbo-
hydrates, especially those with a high glycemic index and 
high glycemic load nutrients, causes a sharp rise in blood 
glucose levels, which leads to an increase in insulin levels 
[14]. Thus, diets with a lower carbohydrate content, such 
as KD, indicate more beneficial effects in relieving PCOS 
compared to calorie-restricted diets [15]. However, no 
study has been conducted to identify the effective role of 
carbohydrate content in PCOS patient groups.

The Portfolio Moderate-carbohydrate diet (PMCD) is 
a plant-based diet consisting of 40% carbohydrates, 20% 
protein, and 40% fat [16].The portfolio diet is designed by 
excluding all animal products such as meat, fish, poultry, 
eggs, and dairy products and emphasizing on the con-
sumption of five specific cholesterol-lowering foods and 
nutrients, including plant protein (mainly from soy prod-
ucts and pulses), viscous fiber (such as oats, barley, and 
certain fruits), nuts, phytosterols, and monosaturated 
fats [17, 18]. A systematic review has shown that adher-
ing to a low carbohydrate diet (providing less than 45% 
of total energy from carbohydrates) while maintaining an 
energy deficit led to positive changes in body measure-
ments, blood sugar levels, fasting insulin levels, insulin 
response during a 3-h oral glucose tolerance test, and 
reproductive hormones like FSH, LH, DHEA, SHBG, 
and free testosterone in women with PCOS [19].The ben-
eficial effect of low-carbohydrate regimens in metabolic 
outcomes of PCOS is possibly due to the reduced levels 
of circulating glucose, insulin, insulin-like growth factor-
1(IGF-1), and insulin-like growth factor binding protein 
1(IGFBP1), which reduces the hyper-androgens among 
PCOS patients [20]. Numerous clinical studies have 
mentioned the association between PCOS and the car-
diovascular risk profile of PCOS female patients, due to a 
lipid/glucose altered metabolism, hypertension, systemic 
inflammatory condition (assessable by markers such as 
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VES, TNF-alpha, cytokines and C-reactive protein (hs-
CRP) levels), and vascular injuries [21, 22]. Moreover, 
plant-based diets have high levels of polyphenols which 
have therapeutic potential in PCOS women by slowing 
the progression of inflammation and improving both 
insulin sensitivity and compensatory hyperinsulinemia 
[23]. Considering the lifelong and chronic status of this 
disease, PCOS should be considered as a real cardiovas-
cular risk factor which affects the quality of life seriously 
[22]. Therefore, the treatment approaches for PCOS 
women should not only encompass alleviating PCOS 
manifestations, but also regard cardiovascular abnormal-
ities. For instance, a randomized trial compared the effect 
of 3-month adherence to the low glycemic index vegan 
diet (LGIV) vs. the low-calorie (LC) weight loss diet 
among 18 PCOS and overweight women. The results of 
this study indicated that the participants in the LGIV diet 
group lost significantly more weight than the standard 
low-calory diet group [24]. A recent study analyzed three 
dietary-lifestyle patterns (western, plant foods, and plant 
foods and intensive physical activity) among 140 PCOS 
women. As it has been reported, higher adherence to the 
plant-based diet and physical activity were associated 
with higher chance of improving metabolic health sta-
tus such as normal BMI, body fat more than 35%, lipide 
profile as well as reproductive hormone disorders among 
PCOS women [25]. Since fruits and vegetables are the 
main sources of carotenoids for instance flavanols, isofla-
vones, and quercetin, they could inhibit the secretion of 
testosterone and LH, and consequently ameliorate hyper-
androgenism in PCOS women [26, 27]. A plant-based 
diet is rich in antioxidants like vitamin C which is associ-
ated with a significant reduction of the triglyceride serum 
level [28]. The antioxidants potentiate nitric oxide (NO) 
synthesis in cultured human endothelial cells, which has 
been identified as the mechanism that can preserve ves-
sels from altered myogenic tone (vasoconstriction), ath-
erosclerosis, and coagulation abnormalities [29].

Ketogenic diet (KD) is a dietary protocol characterized 
by high fat intake (70%), very low carbohydrate intake 
(less than 10%), and moderate protein levels (20%), result-
ing in the production of ketone bodies [30]. The KD was 
first used for treating retractor epilepsy [31]. However, 
recently many studies have demonstrated its beneficial 
effects in various numbers of diseases, including obesity, 
neurological disorders, type 2 diabetes mellitus, cancer, 
as well as PCOS [32–34]. A recent parallel randomized 
trial on 20 obese women with PCOS and liver dysfunc-
tion demonstrated that the KD considerably reduced the 
body weight, blood glucose, plasma estradiol, progester-
one levels, and liver function markers compared to the 
control diet [35]. By reducing carbohydrate intake to less 
than 30  g per day for 3 to 5  days, the concentration of 

insulin in the body decreases. As a result, the glycogen 
stored in the liver and muscles is replaced by an increase 
in fatty acid oxidation derived from adipose tissue [36, 
37]. This process produces ketone bodies such as ace-
toacetate, acetone, and B-hydroxybutyrate that serve as 
fuel for the body. Therefore, under the state of ketosis, 
the need for endogenous glucose production is reduced 
and replaced by fat oxidation. Adequate protein intake 
preserves the utilization of amino acids from lean muscle 
tissue so that they are not used as an energy source. Also, 
the reduction of fat mass reduces acyclic estrogen pro-
duction and improves the ratio of LH to FSH by reducing 
the aromatization of androgens in adipose tissue [38].

Based on the above evidence, both the PMCD and the 
KD offer beneficial effects on PCOS manifestations due 
to their low carbohydrate content and consequently min-
imal insulin secretion. Moreover, these two diets have 
remarkable differences including the difference in the 
main source of energy (which is glucose in the PMCD vs. 
ketone bodies in the KD group) and the content of micro/
macronutrients and fiber. To the best of our knowledge, 
there was no study comparing the therapeutic effects of 
these two diets in PCOS patients. Therefore, the objec-
tive of the present study was to compare the effects of 
the PMCD and the KD on the anthropometric indices 
(body weight, body mass index, waist circumstances, 
and hip circumstances), body compositions (fat mass and 
lean body mass), metabolic status (fasting blood glucose, 
insulin, insulin sensitivity, and lipid profile), reproductive 
hormone levels (luteinizing hormone, follicle-stimulating 
hormone, and free testosterone blood levels), dietary 
intake, and hirsutism.

Materials and methods
Study design
The entire protocol of this study has been previously 
published [39]. Briefly, this parallel randomized clinical 
trial took place at Fatahi Clinic of Kermanshah University 
of Medical Sciences (KUMS), Iran, from January 2023 
to May 2023. The eligible participants were randomly 
assigned to follow either the PMCD group (N = 23) or 
the KD group (N = 23), using a computer-generated 
random sealed envelope. The protocol was approved by 
the Medical University of Kermanshah Research Ethics 
Board (IR.KUMS. REC.1401.404). Furthermore, the trial 
was registered at the Iranian Registry of Clinical Trials 
(IRCT20200912048693N3) on 2022 December 14. The 
procedures were carried out following the World Medical 
Association Declaration of Helsinki, the Guidelines of the 
International Conference on Harmonization on Good 
Clinical Practice, and we followed the Consolidated 
Standards of Reporting Trials (CONSORT). Before the 
commencement of the study, written informed consent 



Page 4 of 18Sharifi et al. Nutrition Journal          (2024) 23:152 

was obtained from all participants. It was not possible to 
blind the participants due to the nature of the diet; how-
ever, there was no interaction between the two groups. 
Furthermore, to minimize bias, the outcome assessors 
and the data analysts were blinded. The primary outcome 
of this investigation was determining the effectiveness 
of the PMCD compared to the KD in improving PCOS 
disease manifestations by measuring weight loss before 
and after the intervention. The secondary outcomes were 
BMI, FBM, LBM, WC, HC, FBG, insulin level, HOMA-
IR, HOMA-B, reproductive hormones (LH, FSH, DHEA, 
and free testosterone), lipid profile (total cholesterol, 
triglycerides, LDL, HDL), and Ferriman-Gallwey score 
before and after the intervention.

Sample size
The sample size for the study was calculated based on the 
formula used in a randomized clinical trial [40]. Accord-
ing to the formula, the standard deviation of weight in 
the dietary group of PMCD and KD would be equal to 
μ1 = 3.14 (σ1 = 2.42) and μ2 = 1.66 (σ2 = 0.8) respectively. 
In the following sample with α = 0.05, the sample size 
required to have 80% power to detect a difference of two 
units of change in weights would be 18 people in each 
group. Considering the possibility of 25% missing people 
in the follow-up, the sample size increases to 23 people in 
each group. Also, a type I error of 5% (α = 0.05) and a type 
II error of 20% (β = 0.2, power = 80%) were considered.

Participants
We recruited 46 overweight or obese women diag-
nosed with PCOS through a public advertisement in the 
medical centers, healthcare establishments, physician 
offices, pharmacies, and hospitals of Kermanshah. Par-
ticipants were asked to first visit Fatahi Clinics where 
the screening was performed by a dietitian as well as an 
obstetrician-gynecologist to determine eligible patients 
according to the inclusion criteria. Written informed 
consent was provided after a detailed explanation of the 
study. Also, the demographic characteristics question-
naire, the physical activity questionnaire (IPAQ), as well 
as 3-day food records questionnaires of all participants 
were completed by a professional dietitian. Then the 
subjects were randomly allocated to receive either the 
PMCD or the KD by a random block method of 6 from 
the website https://​www.​seale​denve​lope.​com. The inclu-
sion criteria were: diagnosis of PCOS according to the 
Rotterdam Criteria by an obstetrician-gynecologist, fer-
tile age (18–45 years), and BMI ≥ 25 kg/m2. The exclusion 
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criteria were: currently pregnancy or lactation, taking 
anti-psychotic or anti-seizure medication due to their 
induced effect on insulin resistance, following a specific 
nutritional diet or hypocaloric diet in the last 3 months, 
history of diabetes or other endocrine disorders (thy-
roid dysfunction and adrenal disorders), using medica-
tions that impact carbohydrate or lipid metabolism (oral 
contraceptive pills, antiepileptic, antipsychotics, statins, 
and fish oil), using fertility-enhancing or weight loss 
medications, history of hormonal therapy and/or insulin-
sensitizers within the previous 2 months, and history of 
hepatic and renal disorders (alcoholic fatty liver disease 
(AFLD), non-alcoholic fatty liver disease (NAFLD)) hep-
atitis, hypertension, diagnosed anemia, severe respira-
tory disease (asthma and chronic bronchitis), and heart 
disease.

Anthropometric measurements
Body composition analysis and resting metabolic rate 
(RMR) were conducted using an electronic scale with 
bioimpedance analysis (Plus Avis 333 Body Analyzer, 
China). The analysis included measurements of fat body 
mass (FBM), lean body mass (LBM), total body water 
(TBW), total body protein (TBP), and total body mineral 
(TBM), conducted with subjects wearing light clothing 
and with shoes and socks removed. The measurements 
were taken to the nearest 0.1  kg. The resting metabolic 
rate (RMR) was reported in Kcal. Height was determined 
to the nearest 1  cm using a well-mounted portable sta-
diometer (Holtain Ltd, UK). Moreover, BMI was calcu-
lated in kg/ m2. The WC was measured after removing 
clothes from the abdomen, as the smallest circumfer-
ence was between the lowest rib and the iliac crest on the 
midaxillary line. The HC was determined at the level of 
the widest circumference over the great trochanters, and 
the WHR was calculated as waist measures divided by 
hip measurement. All parameters were measured at base-
line and at the end of the study, after 8 weeks of dietary 
intervention.

Biochemical analysis
At baseline and after 8 weeks of the study, 10 ml venous 
blood samples were drawn from each participant by a 
catheter. Blood samples were collected into BD vacu-
tainer Tubes (SSTTM 2 advance, REE 397953) between 
8: 00 a.m. and 9:00 a.m. after 10 to 12 h of overnight fast-
ing and resting in bed during the early follicular phase 
(day 2–5) of menstrual cycle of each individual. The men-
strual cycle was determined as the number of days from 
the onset of menstrual bleeding in one cycle to the first 
day of the next [41]. The participants’ menstrual cycle at 
baseline was defined as the average menstrual cycle for 
6  months before the intervention. Blood samples were 
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immediately centrifuged at 4000 RPM using centrifuge 
J6-MC by Beckman. Then the obtained serum was ali-
quoted and stored at -80 °C until assay time. All samples 
were analyzed in the same analytical session for each test, 
using the same reagent lot and according to the manu-
facturer’s instructions with inter- and intra-assay coef-
ficient variances (CVs) lower than 7%. Serum FBG was 
measured through enzymatic methods using the colori-
metric technique, by commercial kits (Pars-Azmoon Co., 
Tehran, Iran) by an auto-analyzer (Hitachi-917, Tokyo, 
Japan). Serum insulin level was measured by chemilu-
minescence (IMMULITE 2000, SIEMENS). Total cho-
lesterol, HDL, and LDL by enzymatic colorimetric in 
homogenous phase ((Roche Cobas e702, Roche Diagnos-
tics, Mannheim, Germany), TGs by an enzymatic colori-
metric method (Roche Cobas e702, Roche  Diagnostics, 
Mannheim, Germany). Reproductive hormones includ-
ing LH, FSH, DHEA, and free testosterone were evalu-
ated by ELISA kits (Bioassay Technology Laboratory, 
Shanghai Korean Biotech, Shanghai City, China).

The Homeostatic Model Assessment of Insulin Resist-
ance (HOMA-IR) index was calculated according to the 
formula (insulinemia mU/ml × glycemia mg/ dL/450). 
The homeostasis model assessment of β-cell dysfunction 
(HOMA-B) index was also calculated according to its for-
mula (20 × fasting insulin (µU/ml)/ [fasting plasma glu-
cose (mg/dl) – 63]). Moreover, the visceral adipose tissue 
(VAI) index and lipid accumulation product (LAP) are 
both common markers to estimate cardiometabolic risks 
in women with PCOS, which were calculated according 
to their formula. (VAI = WC (cm) /36.58 + (1.89 × BMI 
(Kg/m2)) × TG (mmol/l)/0.81 × 1.52/HDL (mmol/l) and 
LAP = (WC (cm) – 58) × TG (mmol/l)). All biochemical 
tests were assessed clinically at the Reference Laboratory 
of Kermanshah University of Medical Science before and 
after the study.

Diets
Participants were randomly stratified to the PMCD or 
the KD designed by a professional dietician to follow for 
8 weeks. The PMCD is a plant-based diet with a macro-
nutrient distribution of 40% carbohydrate, 20% protein, 
and 40% fat, excluding all animal products, for instance, 
meat, fish, poultry, eggs, and dairy. The Portfolio diet 
consisted of five food components added to the diet 
including 1) plant protein from soy products or dietary 
pulses such as beans, peas, chickpeas, and lentils; 2) vis-
cous soluble fiber from oats, barley, psyllium, eggplant, 
okra, and certain fruit; 3) nuts from tree nuts or peanuts; 
4) phytosterols; and 5) monounsaturated fats (MUFAs) 
in the form of olive, canola, or high oleic sunflower oils 
that indicated improvements of blood lipids [42]. The 
KD included 10% carbohydrates, 20% protein, and 70% 

fat. Carbohydrate intake was < 30 g per day, provided by 
a variety of vegetables as they are rich in fiber and have 
low amounts of carbohydrates [43]. Protein sources were 
fish, poultry, meat, and eggs. Furthermore, fat compo-
nents were consumed in the form of olive oil, sesame, 
and oilseeds. Unsweetened drinks like herbal teas, tea, 
and infused coffee were allowed as they would not induce 
ketosis. Both groups received individual face-to-face 
counseling on their assigned diet at baseline and every 
two weeks by the same dietitian and similar protocol. 
Each diet was determined according to the prescribed 
daily calorie and macronutrient intake of individuals. 
Also, 500–700 kcal were removed from the total caloric 
intake of each person and then its macronutrient distri-
bution was calculated based on the type of diet [44]. To 
increase the motivation of the patients to fully follow 
their diet, the registered dietician assured them to pre-
scribe a stabilized diet at the end of the study. In addition, 
to compensate for the possible lack of micronutrients, all 
participants received a multivitamin-mineral supplement 
tablet (Dana, Multi daily Co., Tehran, Iran) every day.

Dietary, physical activity, and ketosis status assessments
Each patient was provided with at least ninety minutes 
of individualized face-to-face dietary counseling at the 
first session with a professional dietitian to educate their 
diet and encouraged to have aerobic physical activity, for 
instance, walking or jogging at least 60 min per day. Also, 
they were reminded to stop continuing the diet if they 
realized that they were pregnant or manifested serious 
complications. The dietitian was readily available to guide 
and advise individuals via phone, email, and other media 
during 8 weeks of intervention. To monitor participants’ 
dietary adherence, the dietitian called each patient every 
two weeks to document their 3-day food records, two 
working days, and the weekend and send their food pic-
tures. Then, the daily micro/macronutrient composition, 
calorie intake, fiber intake, and phytosterols of each diet 
were calculated by analyzing food data using Nutrition-
ist IV software (First Databank, San Bruno, CA) to realize 
how participants follow their diets.

To monitor the patient’s physical activity, the physi-
cal activity questionnaire-short form (IPAQ-SF) was 
assessed every 2 weeks by the dietitian. The IPAQ-SF is 
a valid and reliable questionnaire with seven questions 
that measure a patient’s physical activity through the 
last 7  days [45]. Assessing the ketosis status was deter-
mined by the urinary keto sticks [46] (Kimia Pajohan Co., 
Tehran. Iran). Ketone assessment kits are a qualitative 
method for assessing ketosis situations. This kit contains 
dipsticks coated with chemicals that change color after 
reacting with ketone compounds. A dipstick is dipped 
in the urine sample. If the color was changed in less than 
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one minute, it indicates the presence of ketone bodies in 
the urine. All participants were required to use urinary 
keto sticks two random times every week and send their 
pictures to the dietitian. If the participants did not follow 
the protocol of the study they were withdrawn from the 
clinical trial.

Ferriman‑gallwey score
Hirsutism is considered one of the common clinical 
symptoms of PCOS and approximately 70% of PCOS 
women represent it [47]. It is evaluated by the Ferriman-
Gallwey score. This scoring system evaluates nine andro-
gen-dependent body parts such as the upper lip, chin, 
chest, upper abdomen, lower abdomen, upper arms, 
thigh, upper back, and lower back, with scores ranging 
from zero (no excessive terminal hair growth visible) to 
four (extensive hair growth visible) for each body part 
evaluated. A maximum score of 36 is possible [48]. In this 
study, Hirsutism was considered positive when the Ferry-
man-Gallwey score was > 8.

Statistical analysis
Statistical analyses were carried out according to inten-
tion to treat analyses. Data analysis was performed 
using SPSS Statistics (version 19, New York, USA). The 
distribution of data was expressed as mean (SD) for 
normally distributed quantitative data, and frequency 
(percent) for qualitative data. Kolmogorov–Smirnov 
test was used to check the normality of the data dis-
tribution. To compare the two groups at the baseline, 
independent sample tests and chi-squared tests were 
used. Assessments of differences within the group were 
made by paired-sample t-tests. Effect size mas meas-
ured based on Cohen’s d test. At the end of the study, 
the comparison of the two groups was conducted using 
covariance (ANCOVA) analysis one time without 
adjustment and the other time adjusted for the baseline 
parameters and confounders (age, BMI, weight, calorie 
intake, and physical activity level). A significance level 
of P < 0.05 was used to evaluate the statistical analyses.

Fig. 1  CONSORT flow diagram of study design for portfolio low-carbohydrate and the ketogenic diet in women with polycystic ovary syndrome
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Results
As depicted in Fig.  1, 46 women out of 184 individuals 
who responded to the recruitment advertisement met the 
eligibility criteria to take part in this study and were ran-
domly assigned to the two diet groups. During 8 weeks of 
the intervention, 2 participants were excluded from the 
PMCD due to the loss of follow-up, while 4 women were 
excluded from the KD because of not responding and 
pregnancy. Overall, 21 and 19 women finished the study 
in the PMCD and the KD, respectively. Also, none of the 
participants of this study did not report any complica-
tions following the diets, which may be due to the short 
duration (8 weeks) of the trial.

Baseline characteristics
Following the CONSORT guidelines, the baseline data 
of individuals who were randomized is illustrated in 
Table 1. The SD of age and BMI of studied women were 
30.13 (7.27) years and 29.47 (4.25) kg/m2 in the PMCD 
group and 30.30 (5.41) years and 29.21 (3.39) kg/m2 in the 
KD group with no significant differences (P = 0.927 and 
P = 0.496 respectively). Moreover, there were no signifi-
cant differences in demographical data, such as height, 
WHR, total energy intake, physical activity, and marital 
status of participants in both groups. None of the partici-
pants were smokers. The qualitative result of the ketone 
sticks of all participants in the KD group was positive, 
while it was negative in all patients in the PMCD group 
during 8 weeks of intervention.

Dietary intake
There were no significant differences in the baseline 
intake of calories, macronutrients, and micronutri-
ents between the two groups (P > 0.05). After 8 weeks of 
intervention, the mean difference in carbohydrate intake 

decreased significantly in the KD group than the PMCD 
group (MD (SD) 280.67 (53.876) vs. MD (SD) 138.69 
(63.438)). Although the energy intake in both diets did 
not have differences (P = 0.025), all macronutrients as 
well as micronutrients were remarkably different between 
the two diets due to their intrinsic distinct. The ketogenic 
diet has higher levels of cholesterol, SFAs, PUFA, MUFA, 
and TFA compared to the plant-based PMCD. While, the 
PMCD has a higher amount of total fiber and phytoster-
ols than the ketogenic diet (Table 2).

In addition, the KD contains more vitamin B12 and 
iodine than the PMCD due to its higher animal protein 
sources. Whereas, the PMCD contains more vitamin C, 
B9, calcium, iron, zinc, copper, sodium, potassium, mag-
nesium, and phosphorus than the KD because of the soy 
and soy products as a source of plant protein. The main 
source of iron in the PMCD was non-hem, while it was 
mostly hem in the KD group (Table 3).

Anthropometric index and body composition
As shown in Table 4, there were no notable disparities in 
the baseline anthropometric measurements between the 
two groups at the beginning of the study. After 8 weeks 
of intervention, significant changes were observed in 
anthropometric parameters including weight, BMI, WC, 
HC, FBM, LBM, TBW, TBP, TBM, and RMR within 
groups (P < 0.05). However, when comparing the two 
groups while adjusting for baseline values and changes 
in age, energy intake, RMR, and physical activity lev-
els, it was found that the KD group showed a significant 
weight reduction (MD (SD) 5.64 (1.012) vs. MD (SD) 4.35 
(2.107)), improvement in BMI (MD 2.73 (0.351) vs. MD 
1.71 (0.775)), FBM (MD (SD) 4.35 (1.163) vs. MD (SD) 
3.12 (0.862)), LBM (MD (SD) 1.62 (1.507) vs.MD (SD) 
1.40 (1.132)), TBW, TBP, WC, and HC compared to the 

Table 1  Baseline characteristics of women with PCOS

* Values are presented as mean (SD)
† Based on independent samples t-test
** Values are presented as number (%)
§ Based on Fisher exact test

Abbreviations: PCOS polycystic ovary syndrome, WHR waist to hip ratio

Variables PLCD (n = 23) KD (n = 23) P-value

Age (year)* 30.13 (7.27) 30.30 (5.41) 0.927†

Height (cm)* 163.26 (5.69) 164.2 (7.59) 0.631†

BMI (Kg/m2)* 29.47 (4.25) 29.21 (3.39) 0.496†

WHR* 0.914 (0.034) 0.920 (0.026) 0.769†

Total energy intake (Kcal/day)* 2401.04 (342.70) 2531.78 (455.67) 0.277†

Physical activity (MET minute/week)* 403.13 (43.79) 391.49 (34.08) 0.320†

Single Marital status** 5 (21.7%) 6 (26.1%) 0.50§

Married 18 (78.3%) 17 (73.9%)
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Table 2  Anthropometric index and body composition characteristics at baseline and after 8 weeks of intervention

Data are expressed as mean (SD) and mean difference (95%CI)
† Indicate comparison between groups at baseline (Independent samples t-test for baseline)
* Indicate comparison between groups based on ANOVA without adjustment
** Indicate comparison between groups based on ANOVA adjusted for baseline measures and confounding factors (age, baseline BMI, physical activity, and, energy 
intake)
§ Indicate comparison between groups based on ANOVA adjusted for baseline measures and confounding factors (age, physical activity, resting metabolite rate, and, 
energy intake)

Variables PLCD (n = 21) KD (n = 19) MD (CI%95) P-value† P-value

Weight (kg) Baseline 78.49 (11.61) 79.02 (12.34) -0.52 0.88 P < 0.05*

8 weeks 74.14 (11.29) 73.38 (11.35) 0.76 0.83 P < 0.05§

MD (CI%95) 4.35 (3.64, 5.56) 5.64 (8.53, 7.55)

P-value P < 0.05 P < 0.05

BMI (kg/m2) Baseline 29.47 (4.25) 29.21 (3.39) 0.26 0.496 P < 0.05*

8 weeks 27.76 (3.89) 26.48 (3.56) 1.28 0.286 P < 0.05**

MD (CI%95) 1.71 (1.36, 2.07) 2.90 (2.73, 3.07)

p-Value P < 0.05 P < 0.05

WC (cm) Baseline 104.19 (10.89) 105.62 (12.03) -1.42 0.67 P < 0.05*

8 weeks 101.49 (10.17) 100.18 (12.34) 1.30 0.71 P < 0.05**

MD (CI%95) 2.70 (2.07, 3.34) 5.44 (6.74, 8.10)

P-value P < 0.05 P < 0.05

HC (cm) Baseline 113.96 (10.68) 114.65 (11.42) -0.68 0.83 P < 0.05*

8 weeks 110.73 (11.16) 109.61 (12.88) 1.12 0.76 P < 0.05**

MD (CI%95) 3.44 (2.81, 4.07) 7.31 (5.04, 9.57)

P-value P < 0.05 P < 0.05

WHR Baseline 0.914 (0.034) 0.920 (0.026) -0.006 0.769 0.338*

8 weeks 0.917 (0.039) 0.914 (0.049) 0.002 0.855 0.529**

MD (CI%95) -0.005 (-0.01, 0.003) 0.004 (-0.014, 0.023)

P-value 0.243 P < 0.05

FBM (kg) Baseline 29.86 (6.93) 28.77 (7.04) 1.09 0.598 P < 0.05*

8 weeks 26.74 (6.26) 24.42 (6.99) 2.32 0.275 P < 0.05**

MD (CI%95) 3.08 (2.06, 4.10) 5.18 (4.26, 5.75)

P-value P < 0.05 P < 0.05

LBM (kg) Baseline 50.01 (5.50) 50.24 (6.21) -0.230 0.895 P < 0.05*

8 weeks 48.61(5.31) 48.62 (5.14) -0.006 0.997 P < 0.05**

MD (CI%95) 1.35 (0.67, 2.04) 3.19 (2.64, 3.74)

P-value P < 0.05 P < 0.05

TBW (kg) Baseline 36.00 (3.97) 36.18 (4.47) -0.17 0.887 P < 0.05*

8 weeks 35.01(4.07) 35.16 (3.52) -0.14 0.903 P < 0.05**

MD (CI%95) 0.96 (0.51, 1.41) 2.15(1.74, 2.55)

P-value P < 0.05 P < 0.05

TBP (kg) Baseline 9.50 (0.98) 9.61 (1.13) -0.10 0.730 P < 0.05*

8 weeks 9.19(1.04) 9.35 (1.02) -0.16 0.622 P < 0.05**

MD (CI%95) 0.30 (0.21, 0.40) 0.56 (0.38, 0.74)

P-value P < 0.05 P < 0.05

TBM (kg) Baseline 4.49 (0.63) 4.45 (0.67) 0.03 0.841 0.541*

8 weeks 4.20 (0.71) 4.34 (0.68) -0.14 0.510 0.551**

MD (CI%95) 0.29 (0.17, 0.40) 0.24 (0.15, 0.32)

P-value P < 0.05 P < 0.05

RMR (Kcal) Baseline 1300.00 (80.60) 1305.86 (86.78) -5.86 0.813 0.665*

8 weeks 1280.33(84.18) 1298.74 (73.15) -18.04 0.467 0.488**

MD (CI%95) 18.19 (3.67, 32.70) 27.05 (4.26, 49.83)

P-value P < 0.05 P < 0.05
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PMCD group. However, there were no significant differ-
ences in WHR, TBM, and RMR between the two groups. 
Although following both diets for 8  weeks was associ-
ated with a significant weight reduction of 4.35 kg in the 
PMCD vs. 5.64 kg in the KD, the distribution of that was 
not the same in the two diets. For instance, in the PMCD 
fat body mass (FBM), total body water (TBW) loss, and 
total body protein (TBP) reduction were 3.12, 0.96, and 
0.30 kg whereas it was 4.35, 1.02, and 0.26 kg in the KD 
group, respectively. The reduction of FBM in the KD was 
more due to fat oxidation and ketone body production. 
However, there were no significant differences in the TBP 
due to moderate protein intake (20%) with the emphasis 
on consumption of high protein value (HPV) sources of 
protein in both groups.

Metabolic and reproductive hormonal status
According to Table  5, both the PMCD and KD groups 
led to significant enhancements in the metabolic sta-
tus (FBG, serum insulin levels, HOMA-IR, HOMA-B, 
and lipid profile) and reproductive hormone levels (LH, 
FSH, free-testosterone, and DHEA) of participants at the 
beginning and end of the study. The intragroup analysis 
showed a significant reduction in the mean difference of 
glycemic and lipid profiles such as FBG, insulin, HOMA-
IR, HOMA-B, total cholesterol, triglyceride, LDL, LAP, 
and VAI in the two groups (P < 0.05). After adjustment 
for the confounding variables, a significant difference was 
observed between the two groups regarding FBG, insulin, 
HOMA-IR, TC, triglyceride, LDL, HDL, and LAP param-
eters (P < 0.05). Besides, the PMCD decreased the level 
of total cholesterol (MD (SD) 39.12 (18.186) vs. MD (SD) 
36.27 (7.869) and LDL (MD (SD) 33.95 (7.345) vs. MD 
(SD) 23.34 (14.136)), while increasing the level of HDL 
(MD (SD) -14.83 (3.848) vs. MD (SD) -11.48 (4.753)) 
more than the KD group.

In addition, the intragroup differences in the levels of 
LH, FSH, free testosterone hormones, and DHEA was 
statistically significant (P < 0.05). On the other hand, the 
mean difference between the two groups (PMCD vs. 
KD) for LH was (MD (SD) 2.46 (1.105) vs. MD (SD) 4.13 
(1.375)) with the effect size of 2.247 vs. 3.191 and (MD 
(SD) 0.23 (0.185) vs. MD (SD) 0.41 (0.139)) with the effect 
size of 1.417 vs. 3.304 for DHEA-s and after adjustment 
for main confounding factors they were statistically sig-
nificant (P < 0.05).

However, the level of HOMA-B (P = 0.075), VAI 
(P = 0.628), FSH (P = 0.171), and free testoster-
one (P = 0.142) did not show a significant change in 

comparison between groups. At the end of the study, 
there was no statistically significant difference in the 
Freeman Galloway score in the PMCD (P = 0.118) and 
the KD (0.121) groups.

Discussion
The present study is the first intervention that com-
pares two calorie-restricted diets, the PMCD and the 
KD among overweight or obese women with PCOS. The 
findings of this study reveal that both diets have ben-
eficial effects on weight loss, reducing FBM, LBM, TBP, 
WC, and HC. In addition, both diets showed improve-
ments in metabolic status such as FBG, insulin sensitivity, 
and lipid profile as well as reproductive hormones (LH, 
FSH, free testosterone, and DHEA) in the participants. 
However, the ketogenic diet was probably more effective 
through weight loss, reduced body composition (from fat 
mass), improved blood glucose status, and reproductive 
hormones such as LH and DHEA-s. Nevertheless, there 
was a more significant improvement in lipid profiles 
including TG, LDL-C, and HDL-C in the PMCD group 
compared to the KD group. However, no significant 
improvement was observed within and between the two 
groups for the Ferriman-Gallway score. Additionally, two 
married women from the KD group got pregnant despite 
many previous unsuccessful attempts.

PCOS is recognized as one of the most common 
endocrinopathies affecting women of reproductive age, 
causing infertility and linked to a wide range of chronic 
cardiovascular and metabolic issues, resulting in 0.43 
million disability-adjusted life-years (DALY) [49]. PCOS 
is a multifactorial disease, that not only includes genetic 
agents, but also environmental, metabolic, and endocrine 
factors [50]. The high prevalence of overweight, obesity, 
and central fat with an estimation of 75% among PCOS 
women indicates the important role of environmental 
factors which are directly associated with lifestyle hab-
its [51]. Excessive adipose tissue particularly abdominal 
adipocytes as an endocrine organ, increases the produc-
tion of estrogen and estrone [52]. In the hypothalamus, 
the additional levels of estrogen and estrone lead to more 
secretion of GnRH, and consequently increase preferen-
tial production of LH as well as hyperandrogenism [53]. 
Although the etiology of PCOS has not been exactly 
clarified, studies hypothesized that insulin resistance (IR) 
have a positive correlation with both total and central 
fat which induces an increased risk of higher androgens 
[54]. Therefore, obesity and IR are two crucial aspects of 
causes of PCOS. According to recent guidelines from the 

Abbreviations: BMI body mass index, WC waist circumferences, HC hip circumferences, WHR waist to hip ratio, FBM fat body mass, LBM lean body mass, TBW total body 
water, TBP total body protein, TBM total body mineral, RMR resting metabolic rate

Table 2  (continued)
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Table 3  Metabolic and endocrine hormonal status at baseline and after 8 weeks of the intervention

Variables PLCD (n = 21) KD (n = 19) MD (CI%95) P-value† P-value

FBG (mg/dl) Baseline 95.95 (4.60) 96.21 (4.68) -0.26 0.850 P < 0.05*

8 weeks 90.90 (3.88) 87.94 (2.67) 2.95 0.030 P < 0.05**

MD (CI%95) 5.00 (3.00, 6.99) 8.84 (7.57, 10.10)

P-value P < 0.05 P < 0.05
Insulin (µU/ml) Baseline 24.74 (3.83) 27.57 (3.17) -2.83 0.009 P < 0.05*

8 weeks 17.50 (3.48) 14.45 (3.10) 3.04 0.006 P < 0.05**

MD(CI%95) 7.35 (5.76, 8.93) 13.44(12.34, 14.55)

P-value P < 0.05 P < 0.05
HOMA-IR Baseline 5.87 (1.05) 6.56 (0.92) -0.68 0.023 P < 0.05*

8 weeks 3.93 (0.82) 3.15 (0.75) 0.78 0.003 P < 0.05**

MD(CI%95) 1.96 (1.58, 2.35) 3.53 (3.24, 3.81)

P-value P < 0.05 P < 0.05
HOMA-B Baseline 15.17 (2.32) 16.85 (2.62) -1.67 0.027 P = 0.071*

8 weeks 12.71 (2.79) 11.78 (2.40) 0.92 0.269 P = 0.075**

MD(CI%95) 2.57 (1.07, 4.06) 4.94 (3.92, 5.96)

P-value P < 0.05 P < 0.05
TC (mg/dl) Baseline 224.21 (33.37) 230.21 (17.55) -6.00 0.449 P < 0.05*

8 weeks 185.09 (16.81) 193.94 (15.47) -8.85 0.092 P = 0.030**

MD(CI%95) 44.38 (36.10, 52.65) 38.15 (34.36, 41.95)

P-value P < 0.05 P < 0.05
TG (mg/dl) Baseline 266.86 (32.85) 272.04 (34.72) -5.17 0.606 P < 0.05*

8 weeks 228.66 (37.29) 214.42 (31.97) 14.24 0.205 P < 0.05**

MD(CI%95) 40.71(35.81, 45.61) 61.42 (50.96, 71.87)

P-value P < 0.05 P < 0.05
LDL-C (mg/dl) Baseline 133.95 (13.69) 134.86 (14.75) -0.91 0.829 P < 0.05*

8 weeks 100.00 (11.89) 111.52 (11.22) -11.52 0.003 P < 0.05**

MD(CI%95) 33.80 (30.46, 37.15) 21.52 (14.71, 28.33)

P-value P < 0.05 P < 0.05
HDL-C (mg/dl) Baseline 50.21(10.18) 48.04 (8.91) 2.17 0.445 P < 0.05*

8 weeks 65.04 (8.91) 59.52 (9.54) 5.52 0.052 P < 0.05**

MD(CI%95) -13.71 (-15.46, -11.96) -10.42 (-12.71, -8.13)

P-value P < 0.05 P < 0.05
LAP (cm. mmol/L) Baseline 138.43 (32.44) 146.90 (45.75) -8.46 0.047 P < 0.05*

8 weeks 111.30 (26.43) 102.53 (38.25) 8.77 0.040 P < 0.05**

MD(CI%95) 28.37 (23.81, 32.93) 44.37 (59.15, 45.43)

P-value P < 0.05 P < 0.05
VAI Baseline 4.86 (1.17) 5.36 (1.26) -0.39 0.25 P = 608.0*

8 weeks 3.20 (60.0) 3.37 (76.0) -0.16 0.44 P = 628.0**

MD(CI%95) 1.66 (1.33, 1.98) 1.99 (1.60, 2.37)

P-value P < 0.05 P < 0.05
LH (mIU/ml) Baseline 12.15 (1.82) 12.10 (1.95) 0.04 0.93 P < 0.05*

8 weeks 9.69 (0.97) 7.97 (2.38) 1.71 0.00 P < 0.05**

MD (CI%95) 2.48 (1.98, 2.98) 4.38 (3.72, 5.05)

P-value P < 0.05 P < 0.05
FSH (mIU/ml) Baseline 4.39 (2.17) 4.06 (1.30) 0.32 0.85 P < 0.05*

8 weeks 4.63 (2.14) 4.74 (1.41) -0.10 0.53 P < 0.05**

MD(CI%95) -0.24 (-0.54, -0.35) -0.68 (-0.69, -0.40)

P-value P < 0.05 P < 0.05



Page 11 of 18Sharifi et al. Nutrition Journal          (2024) 23:152 	

American Society for Reproductive Medicine (ASRM), 
lifestyle adjustments, such as diet control, exercise, and 
weight management, are recommended as the first-line 
therapy for PCOS [55]. Moreover, studies have demon-
strated that a 5–10% weight loss in overweight or obese 
women with PCOS can improve ovarian function and 
increase pregnancy rates [56]. Subsequently, numerous 
studies have reported that hypocaloric diets are effec-
tive in both desirable weight reduction and alleviating 
PCOS manifestations [57, 58]. Further investigations 
have shown that a low-carbohydrate diet could have ben-
efits for women with PCOS, regardless of the severity of 
their symptoms. These benefits include improvements in 
endocrine and metabolic parameters, fertility, and weight 
loss which is due to lower insulin secretion and increased 
fat oxidation when compared to the conventional calorie-
restricted diets [6].

The results of our study align with Paoli and col-
leagues that following a Ketogenic-Mediterranean diet 
with extracts for 12 weeks, in 14 overweight women with 
PCOS, significantly improved anthropometric param-
eters, glycemic status, lipid profiles, and reproductive 
hormones [59]. Another trial on 17 overweight and obese 
women diagnosed with PCOS represented that following 
a hypocaloric-ketogenic diet (carbohydrate intake 40–50 
gr/day) for 45  days ameliorates anthropometric index, 
insulin sensitivity, and androgen production. It appears 

that the observed improvements are due to the reduction 
of carbohydrates and the induction of therapeutic keto-
sis due to the diet, which leads to changes in the ratio of 
LH, FSH, LH/FSH, and an increase in SHBG [60]. Also, a 
recent study compared the KD with a standard, balanced 
hypocaloric diet like the Mediterranean diet (MD) for a 
short period. The study found that both diets showed sig-
nificant improvements in anthropometric (weight, WHR, 
and BMI) and biochemical parameters (FBG, HOMA-IR, 
LH/FSH, total testosterone). However, the KD resulted in 
a greater reduction in all the parameters compared to the 
MD [61].

Different mechanisms have been identified that the KD 
could alleviate the symptoms of PCOS. Less than 30  g/
day of carbohydrate consumption results in decreasing 
insulinemia, an improvement in insulin sensitivity, and a 
reduction in androgen production [62, 63]. The beneficial 
effects of the KD on obesity are explained by the reduc-
tion in insulin secretion which enhances fat catabolism 
by decreased de novo lipogenesis activation, increased 
fatty acid oxidation, and ketone body production which 
would result in weight loss mainly from adipose tissue 
[64]. Furthermore, following the KD feeding, the acti-
vation of AMPK (adenosine-monophosphate-activated 
protein kinase) may be facilitated by low glucose levels, 
extremely low levels of insulin, as well as the activation 
of pathways involved in hepatic lipid oxidation which is 

Data are expressed as mean (SD) and mean difference (95%CI)
† Indicate comparison between groups at baseline (Independent samples t-test for baseline)
* Indicate comparison between groups based on ANOVA without adjustment
** Indicate comparison between groups based on ANOVA adjusted for baseline measures and confounding factors (age, baseline BMI, physical activity, and, energy 
intake)
§ Indicate comparison between groups based on ANOVA adjusted for baseline measures and confounding factors (age, physical activity, resting metabolite rate, and, 
energy intake)

Abbreviations: FBS fasting blood glucose, HOMA-IR homeostatic model assessment of insulin resistance, HOMA_B homeostasis model assessment of beta cell function, 
TC total cholesterol, TG triglycerides, HDL high-density lipoprotein, LDL-C low-density lipoprotein, LAP lipid accumulation products, VAI visceral adipose index, LH 
luteinizing hormone, FSH follicle-stimulating hormone, DHEA-s dehydroepiandrosterone sulfate

Table 3  (continued)

Variables PLCD (n = 21) KD (n = 19) MD (CI%95) P-value† P-value

Testosterone (ng/ml) Baseline 0.61 (0.13) 0.67 (0.10) -0.05 0.12 P < 0.05*

8 weeks 0.48 (0.16) 0.49 (0.09) -0.01 0.79 P < 0.05**

MD(CI%95) 0.12 (0.07, 0.17) 0.18 (0.15, 0.20)

P-value P < 0.05 P < 0.05
DHEA-s(µg/ml) Baseline 2.09 (0.59) 2.34 (0.55) -0.24 0.15 P = 0.071*

8 weeks 1.86 (0.55) 1.93 (0.52) -0.07 0.64 P = 0.075**

MD(CI%95) 0.23 (0.17, 0.34) 0.41 (-0.69, -0.40)

P-value P < 0.05 P < 0.05
Ferriman Gallway Score Baseline 12.34 (2.91) 12.82 (2.44) -0.47 0.55 P = 0.771*

8 weeks 11.52 (2.18) 12.05 (2.30) -0.52 0.457

MD(CI%95) 0.71 (-1.9, 1.62) 0.80 (1.01, 1.08)

P-value 0.118 0.12
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Table 4  Energy and macronutrient intake at baseline and after 8 weeks of intervention

Data are expressed as mean (SD) and mean difference (95%CI)
† Indicate comparison between groups at baseline (Independent samples t-test for baseline)
* Indicate comparison between groups based on ANOVA without adjustment

Abbreviations: MUFA mono-unsaturated fatty acids, PUFA poly-unsaturated fatty acids, SFA saturated fatty acids, TFA trans fatty acids

PLCD (n = 21) KD (n = 19) MD (CI%95) P-value†

Energy (Kcal/day) Baseline 2401.04 (342.70) 2531.78 (455.67) -130.73 0.277

8 weeks 1630.95 (150.39) 1828.95 (333.88) 197.99 0.019

MD (CI%95) 723.47 (562.23, 884.71) 642.84 (524.01, 761.67)

P-value P < 0.05 P < 0.05
Carbohydrate (gr/day) Baseline 294.78 (62.76) 303.00 (51.51) -8.21 0.630

8 weeks 156.09 (19.53) 23.33 (2.42) 132.75 0.00

MD(CI%95) 131.14 (102.27, 160.02) 277.72 (251.75, 303.68)

p-Value P < 0.05 P < 0.05
Protein (gr/day) Baseline 68.0 (6.78) 67.65 (6.66) 0.34 0.862

8 weeks 109.49 (10.45) 118.61 (6.81) -9.12 0.003

MD(CI%95) -42.11 (-48.01, -36.21) -51.93 (-56.91, -46.94)

P-value P < 0.05 P < 0.05
Fat (gr/day) Baseline 106.48 (9.30) 107.45 (11.03) -0.96 0.749

8 weeks 64.37 (13.67) 139.46 (21.93) -75.09 0.00

MD(CI%95) 41.20 (33.93, 48.47) -32.71 (-39.58, -25.83)

P-value P < 0.05 P < 0.05
Total cholesterol (gr/day) Baseline 155.39 (41.32) 163.86 (44.91) -8.47 0.509

8 weeks 3.63 (0.53) 576.11 (142.17) -572.47 0.00

MD(CI%95) 146.27 (128.99, 163.54) -417.8 (-487.9, -347.8)

P-value P < 0.05 P < 0.05
Baseline 25.03 (5.71) 23.89 (5.30) 1.15 0.481

Total Fiber (gr/day) 8 weeks 38.97 (4.57) 12.87(1.67) 26.10 0.00

MD(CI%95) -14.58 (-17.73, -11.43) 10.24 (7.79, 12.68)

P-value P < 0.05 P < 0.05
MUFA (gr/day) Baseline 41.58 (3.56) 42.96 (3.56) -1.37 0.196

8 weeks 20.40 (5.31) 48.51 (4.08) -28.11 0.00

MD(CI%95) 20.75 (17.64, 23.86) -6.02 (-7.90, -4.13)

P-value P < 0.05 P < 0.05
PUFA (gr/day) Baseline 12.70 (1.97) 13.00 (1.91) -0.30 0.593

8 weeks 51.14 (2.84) 52.25 (2.81) -10.68 0.00

MD(CI%95) -38.44 (-15.07, -12.24) -39.25 (-24.91, -23.13)

P-value P < 0.05 P < 0.05
SFAs (gr/day) Baseline 51.14 (2.84) 52.25 (2.81) -1.10 0.192

8 weeks 11.82 (6.12) 41.25 (2.24) -29.43 0.00

MD(CI%95) 39.00 (35.76, 42.23) 10.73 (8.94, 12.52)

P-value P < 0.05 P < 0.05
TFA (gr/day) Baseline 0.079 (0.016) 0.080 (0.018) -0.001 0.804

8 weeks 0.005 (0.008) 0.156 (0.021) -0.15 0.00

MD(CI%95) 0.07 (0.06, 0.08) -0.07 (-0.09, -0.06)

P-value P < 0.05 P < 0.05
Phytosterols (gr/day) Baseline 73.77 (4.08) 75.54 (3.73) -1.7 0.136

8 weeks 162.42(39.39) 1.55 (42.0) 160.87 0.00

MD(CI%95) -88.75 (-106.72, -70.78) 73.86 (71.95, 75.77)

P-value P < 0.05 P < 0.05
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Table 5  Micronutrient intake at baseline and after 8 weeks of the intervention

Note: Data are expressed as mean (SD) and mean difference (95%CI)
† Indicate comparison between groups at baseline (Independent samples t-test for baseline)

PLCD (n = 21) KD (n = 19) MD (CI%95) P-value†

Vitamin C (mg/day) Baseline 253.93 (5.28) 256.79 (6.83) -2.86 0.119

8 weeks 162.49 (6.02) 88.73 (4.64) 73.76 0.00

MD (CI%95) 91.19 (87.74, 94.64) 167.70 (163.6, 171.80)

P-value P < 0.05 P < 0.05

Vitamin B9 (mg/day) Baseline 329.13 (8.87) 332.10 (4.83) -2.96 0.166

8 weeks 339.74 (8.42) 192.12 (5.01) 147.62 0.00

MD(CI%95) -10.68 (-15.44, -5.91) 139.49 (136.34, 142.64)

p-Value P < 0.05 P < 0.05

Vitamin B12 (mic/day) Baseline 1.85 (0.12) 1.91 (0.13) -0.06 0.105

8 weeks 0.18(0.03) 6.65 (1.54) -6.46 0.00

MD(CI%95) 1.67 (1.60, 1.73) -4.72 (-5.44, -4.00)

P-value P < 0.05 P < 0.05

Calcium (mg/day) Baseline 458.93 (21.17) 469.04 (14.15) -10.11 0.064

8 weeks 634.93 (13.15) 241.77 (13.22) 293.15 0.00

MD(CI%95) -176.65 (-189.25, -164.05) 127.05(116.34, 137.77)

P-value P < 0.05 P < 0.05

Iron (mg/day) Baseline 9.82 (0.67) 9.37 (0.77) 0.44 0.043

8 weeks 24.05 (2.32) 11.51 (0.99) 12.54 0.00

MD(CI%95) -14.18 (-15.25, -13.10) -2.17 (-2.80, -1.54)

P-value P < 0.05 P < 0.05

Zinc (mg/day) Baseline 6.57 (0.75) 6.75 (0.64) -0.17 0.393

8 weeks 13.21 (0.89) 10.15 (0.66) 3.06 0.00

MD(CI%95) -6.56 (-7.06, -6.06) -3.40 (-3.85, -2.95)

P-value P < 0.05 P < 0.05

Copper (mg/day) Baseline 1.96 (0.58) 2.03 (0.55) -0.06 0.70

8 weeks 3.42 (0.57) 2.21 (0.48) 1.21 0.00

MD(CI%95) -1.42 (-1.82, -1.02) -0.18 (-0.46, 0.08)

P-value P < 0.05 P < 0.05

Sodium (mg/day) Baseline 1989.52 (6.8) 1991.38 (8.05) -1.85 0.405

8 weeks 6051.53 (11.91) 1690.40 (5.83) 4361.13 0.00

MD(CI%95) -4061.89 (-4067.65, -4056.12) 301.07 (296.21, 305.93)

P-value P < 0.05 P < 0.05

Potassium (mg/day) Baseline 4621.36 (8.56) 4626.70 (5.18) -5.33 0.014

8 weeks 5124.27 (6.72) 1982.02 (7.12) 3142.24 0.00

MD(CI%95) -502.38 (-506.69, -498.07) 2644.70 (2640.21, 2649.19)

P-value P < 0.05 P < 0.05

Magnesium (mg/day) Baseline 246.11 (8.51) 251.26 (7.12) -5.15 0.031

8 weeks 620.04 (8.23) 337.53 (68.62) 282.51 0.00

MD(CI%95) -374.65 (-381.13, -368.18) -86.57 (-118.01, -55.13)

P-value P < 0.05 P < 0.05

Phosphors (mg/day) Baseline 1031.08 (6.43) 1038.61 (5.32) -7.52 0.00

8 weeks 1613.63 (7.19) 1309.09 (9.17) 304.54 0.00

MD(CI%95) -582.94 (-587.85, -578.03) -270.66 (-274.95, -266.36)

P-value P < 0.05 P < 0.05

Iodine (mg/day) Baseline 72.55 (6.20) 74.43 (6.53) -1.87 0.324

8 weeks 23.46 (3.77) 86.05 (15.06) -62.58 0.00

MD(CI%95) 49.29 (45.65, 52.92) -11.34 (-17.63, -5.04)

P-value P < 0.05 P < 0.05
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consistent with the decrease in body weight and increase 
in energy expenditure [65, 66]. Researches have been 
illustrated that in the nutritional ketosis status (the con-
dition that the concentration of blood ketone is more 
than 0.5 mmol/L), the secretion of the hunger hormone 
“ghrelin” decreased which results in lower food intake. It 
is also notable that this feeling of hunger is accompanying 
with fat reduction and consequently weight loss, which 
lasts only as long as the individuals remain in ketosis situ-
ation [67]. Thus, it is believed that ketosis is the primarily 
responsible for the appetite-suppressing effects observed 
with a KD [68]. Also, the reduction of fat mass leads to 
reduce the acyclic production of estrogens deriving from 
the aromatization in the adipose tissue from the andro-
gen excess, which improves the LH to FSH ratio [60]. 
Additionally, the noticeable effect of the KD in PCOS 
is through the AMPK and silent mating type informa-
tion regulation 2 homolog 1 (SIRT1) activation which 
improved glucose homeostasis and insulin sensitivity 
[69]. Charlot et al. demonstrated that a low-carbohydrate 
but high-fat diet (LCHFD) compared to the Western diet 
(with the same number of calories) was more successful 
in preventing weight gain, maintaining blood glucose and 
insulin levels, as well as reducing triglyceride accumula-
tion in the liver of mice [63].

In the present study, the main weight loss in the KD 
was related to fat mass reduction. It might be due to 
higher protein intake (20% of total calories) compared to 
the previous studies (15–18%). Furthermore, WHR was 
significantly reduced in the KD more than in the PMCD. 
However, in both diets there was a significant reduction 
in the carbohydrate intake (from 300 g/day to 150 g/day 
in the PMCD group and 23 g/day in the KD), the level of 
insulin and insulin sensitivity (HOMA-IR) decreased sig-
nificantly more in the KD group compared to the PMCD. 
The reduction of weight from fat mass and the lower 
level of serum insulin was accompanied by improvement 
in reproductive hormones (significant decreased in LH 
and DHEA-s) and consequently improvement of PCOS. 
Observing these significant changes in metabolic and 
reproductive hormone results in a short time (8  weeks) 
of intervention may be due to significant changes in 
macronutrient intake before and during the study. For 
instance, before the study patients consumed approxi-
mately 106 gr/day fat while through 8 weeks of the study, 
participants consumed 64 gr/day and 139 gr/day fat in 
the PMLCD and the KD respectively. This variation was 
seen in other macronutrients intake (carbohydrate and 
protein) as well. Moreover, through the first 3-day food 

recorder people announced more consumption of junk 
foods and less fruits, vegetables, and protein sources.

Although both diets indicated improvement in lipide 
profiles such as TC, TG, LDL-C, and HDL-C, the PMCD 
showed more positive effects due to possessing higher 
levels of antioxidants, soluble fiber, and phytosterols with 
lower amounts of saturated fatty acids and trans fatty 
acids. Since animal products (as a rich source of vitamin 
B12, and heme Iron) were removed from the PMCD diet, 
it might cause a deficit in these nutrients for a long time. 
Therefore, a daily multivitamin-mineral was prescribed 
to prevent deficit complications. PCOS women often 
have an atherogenic lipid profile, which includes high 
levels of LDL, total cholesterol, and triglycerides, along 
with low levels of HDL [70]. Thus, the PMCD might be 
beneficial for particularly those women with lipid profile 
disorders.

One of the common disorders reported by women 
with PCOS is hirsutism. This disorder is often associ-
ated with excessive androgen levels, including nonclas-
sical adrenal hyperplasia, androgen-secreting tumors, 
and PCOS [71]. One of the important tools for clinical 
diagnosis and evaluation of this disorder is the Freeman-
Galloway score [72]. In the present study, there were no 
significant changes in the Ferriman Gallwey score pro-
gression, possibly due to the short study duration which 
was inadequate to observe hair growth accurately. Since 
the average life cycle of a hair follicle is about 6 months it 
takes over three months to see measurable effects of the 
hair cycle and growth, which vary depending on the body 
area [73].

According to similar interventions, these two diets did 
not have serious adverse or harmful effects in a short 
time. However, the ketogenic diet has demonstrated 
some adverse events (AEs) such as fatigue, headache, 
irritability, dehydration, hypoglycemia, lethargy, hyper-
uricemia, and gestational side effects (diarrhea, nau-
sea, and vomiting) for a short time and serious adverse 
effects (SAEs) including hypercalcemia, hypokalemia, 
lipid profile change, urolithiasis, gallstone, and hair loss 
for long-term intervention. Furthermore, due to the lack 
of sufficient clinical evidence of the long-term safety of 
KD in chronic disease, the recommendation to follow 
this type of diet in the long term should be made with 
caution.

However, both diets indicated improvements in the 
serum levels of FBG, insulin, and HOMA-IR due to 
their low carbohydrate content, the KD might be a bet-
ter option for improving PCOS symptoms in a short time 

* Indicate comparison between groups based on ANOVA without adjustment

Table 5  (continued)
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due to the production of ketone bodies and greater effec-
tiveness on reproductive hormones. However, consider-
ing the fewer side effects and the fact that it is easier to 
follow the PMCD than the KD for women with PCOS, it 
seems that until the achievement of reliable scientific evi-
dence in this regard, it is recommended to follow PMCD 
with fewer side effects and longer duration in real life.

The strength of the present study was the precise evalu-
ation of dietary adherence in both groups. We utilized 
urinary keto strips twice a week at random to confirm 
the induction of ketosis in the patients’ bodies in the 
KD group. Also, despite the short duration of the trial 
(8  weeks), we observed positive effects of both diets on 
participants. The adherence to both diets was high and 
only two people from each group were withdrawn from 
the study. In addition, none of the participants reported 
any complications while following the diets and after 
one-month follow-up from the end of the study.

The study encountered several limitations. First, the 
inability to assess inflammatory markers such as C-reac-
tive protein (CRP), tumor necroses factor-α (TNF-a), 
and interleukin-6 due to limited financial support. Sev-
eral studies have shown that the balance in the levels of 
inflammatory markers is important in maintaining the 
proper functioning of the ovaries [74], The imbalance in 
the levels of anti-inflammatory and pro-inflammatory 
cytokines may aggravate the condition of ovarian dys-
function. In this context, an increase in the levels of CRP 
and some cytokines such as IL-6, interleukin 18 (IL-18), 
and TNF-α have been suggested in polycystic ovary dis-
ease, which can be related to the development of chronic 
inflammation as a risk factor for endothelial dysfunction, 
atherosclerosis, coronary heart disease, IR, and abdomi-
nal obesity [75, 76]. Secondly, blinding of participants 
was not possible in this study due to the nature of the 
diet. However, to minimize bias, the outcome assessors 
and data analysts were blinded. Another limitation of 
this study was the short study duration. Considering that 
following a low-carbohydrate diet such as a ketogenic 
diet in the long term could have various difficulties and 
side effects for participants, which could cause a higher 
dropout rate. Based on similar studies [60], 8 weeks was 
considered for conducting the study. Furthermore, we 
did not examine how different diets affect the gut micro-
biota which should be considered as an important effec-
tor on the metabolic status of women with PCOS. Also, 
it is recommended to assess the liver enzymes including 
alanine aminotransferase (ALT) as well as aspartate ami-
notransferase (AST) through prescribing such diets to 
find out the effects of them on the liver’s function of the 
PCOS women. The small sample size and lack of poten-
tial external validity were other limitations of this study. 
However, the sample size was designed to have sufficient 

power (80%) to detect a difference of 2 units of change in 
weights as the primary outcome. Also, considering that 
all participants of this study were from Kermanshah city, 
to achieve better external validity, more studies should be 
done on samples from other geographical regions.

Conclusion
The results of our study have revealed that both PMCD 
and KD diets, which are characterized by their low carbo-
hydrate content, could have a significant positive impact 
on the outcomes of individuals with PCOS over 8-weeks. 
In addition, the study showed that inducing ketone status 
by following KD, had a significant positive effect on vari-
ous health parameters, including anthropometric indices 
such as body weight and BMI, glycemic and metabolic 
status, as well as reproductive hormones such as LH and 
DHEA-s. However, the PMCD indicates more beneficial 
effects on lipid profiles including LDL-C, and HDL-C. 
Since PMCD compared to KD has shown more favora-
ble effects on lipid profile, which is an important risk fac-
tor for chronic heart diseases, it can be prioritized as a 
useful treatment option for PCOS women with higher 
cardiovascular risk factors. The findings of this clinical 
trial showed that following low carbohydrate diets such 
as KD and PMCD can be considered an effective and 
short-term adjuvant treatment in overweight or obese 
women with PCOS. However, due to the individual dif-
ferences, the complexity of designing, and implementing 
such nutritional interventions in different disorders, it is 
recommended to perform these nutritional interventions 
under the supervision of registered dietitian with the 
cooperation of the treatment team. Overall, due to the 
potential side effects of following KD in the long term, 
it is recommended to conduct more clinical trials with 
larger sample sizes and longer durations (6 to 12 months) 
to assess potential side effects or interaction of dietary 
interventions with other therapies like medications. Fur-
ther research should be conducted on the cellular mecha-
nisms of these diets in women with PCOS.
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