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ARTICLE INFO ABSTRACT

Keywords: Purpose: The detrimental effects of irregularities in reproductive indicators in
Ketogenic Diet, polycystic ovarian syndrome (PCOS) are increased due to obesity. The outcomes
Metastasis Suppressor KiSS-1, of reproductive characteristics in PCOS are affected by the ketogenic diet.
Neuropeptide, Dysregulation of the neuropeptide is a key mechanism in the PCOS

Polycystic Ovarian Syndrome  pathogenesis. Despite the impact of the ketogenic diet on many neuropeptides
being established in various diseases, its impact on neuropeptide indicators has

Article History: not yet been established in PCOS. Thus, a specific objective of the current pilot
Submitted: February 28, 2026  observational report was to investigate whether the ketogenic diet has a
Revised: June 02, 2026 significant impact on the neuropeptide indicators (Kisspeptin and Phoenixin-14)
Accepted: June 23, 2026 in obese PCOS.

ePublished: July 01, 2026 Methods: The present work is a pilot observational study conducted over 1 year

(2025) on 100 obese PCOS women at private clinics in Baghdad City. Only fifty
obese PCOS women completed and concluded our study. The impact of adhering
to a 3 and 6-month ketogenic diet has been investigated by measuring the routine
reproductive and neuropeptide levels (Kisspeptin and Phoenixin-14).

Results: From the baseline (before obese PCOS women adhered to the ketogenic
diet), the ketogenic diet for 3 and 6 months had a significant impact, resulting in
a significant reduction in the kisspeptin (1861.9+£139.8 pg/mL vs. 1801.8+193.5
pg/mL vs. 1775.9+287.7 pg/mL), and a significant reduction in the phoenixin-
14 (79.5+£29.1 ng/mL vs. 62.7+22.3 ng/mL vs. 54.9+33.2 ng/mL).

Conclusion: The current findings highlight the importance of the ketogenic diet
as adjunctive management for the reproductive and neuropeptide indicators to
manage PCOS complications, particularly neuropeptide dysregulation.
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Introduction

Polycystic ovary syndrome (PCOS) is a classic endocrine disorder in women during the reproductive age, with an
approximate estimate of 8% to 13%.! The recent clinical criteria to diagnose PCOS require at least 2 of 3 major
symptoms after other possible causes have been ruled out: oligo-ovulation or anovulation, signs of
hyperandrogenism (HA), and the presence of many cysts in the ovaries by ultrasound detection.? Although the
exact PCOS etiology remains in question, much of the literature describes the role of family history, an improper
lifestyle, using cosmetics containing cancerous preservatives, obesity, and dysregulation of the hypothalamic-
pituitary-ovarian (HPO) axis as potential factors associated with the causes of this syndrome.? Obesity has been
the subject of many studies in PCOS because approximately fifty percent of PCOS women have a body weight
go towards the category of overweight or even obesity.* On the other hand, obesity is a classic problem that causes
elevation of adaptive hyperinsulinemia (HI) and insulin resistance (IR), diabetes mellitus type 2 (DM-T2), glucose
intolerance, dyslipidemia, and other various complications related to PCOS.°> The HPO axis permits the cyclic
production of gonadotropic and steroid hormones, and its imbalance is another significant pathophysiological
mechanism of PCOS.® Recently, the association between obesity and ovulatory disorders caused by changes in
the neuroendocrine of the HPO axis is well documented, even though the precise pathophysiological mechanisms

underlying this linkage are unknown.”

A ketogenic diet (KD) is a dietary regimen that involves consuming low amounts of carbohydrates, high fat, and
adequate protein.® KD is a key strategy for promoting the generation of ketone bodies and replicating the metabolic
state of fasting.® KD is one of the practical dietary approaches widely recognized for the management of intractable
epilepsy. In recent years, KD has gained widespread recognition in treating various conditions like malignancies
and DM-T2, IR, as well as dyslipidemia associated with obesity and metabolic syndrome.'® Over the past decade,
most researchers have emphasized that KD is an effective approach to managing the outcomes of anthropometric,
metabolic, and reproductive variables in PCOS."" Moreover, the HPO axis is thought to benefit from KD via

improvement of insulin sensitivity, which causes overall endocrine function.'?

Kisspeptin (KISS) is one of the most important neuropeptides that has been identified to exist in an inactive form,
pre-pro-KISS, containing 145 amino acids. Although different mature forms of KISS range from 10 to 54 amino
acids in sequence, KISS-54 is the most abundant and active form of KISS isoforms in human circulation.'> KISS
activates its cognate receptor GPR-54 in various target tissues to exert disparate functions, including the puberty
onset, gonadotropin hormone secretion, and ovulation.'* KISS neurons are located in the posterior part of the
hypothalamus, where they form the gonadotropin-releasing hormone (GnRH) pulse generator and stimulate
GnRH secretion. Thus, KISS enhances luteinizing hormone (LH) release in women.!'> A considerable amount of
literature has been published on KISS among PCOS phenotypes regarding BMI. These studies have noted that
KISS is raised in obese PCOS compared with normal-weight PCOS.!® Phoenixin (PNX) is one of the novel
neuropeptides that has been recently identified as a cleaved product from a small integral membrane protein 20
called Smim-20, containing 67 amino acids.!” In spite of the different mature forms of PNX, which range from 14
to 46 amino acids in sequence, PNX-14 and -20 are the most abundant and active forms of PNX isoforms in
human circulation.'® PNX-14 exerts disparate functions in different tissues via activating its cognate receptor
GPR-173, including gonadotropin hormone secretion, ovarian periodicity, adipocyte growth, and body weight
regulation. PNX-14 controls pituitary gonadotropin secretion by altering the expression of the GnRH receptor.

Therefore, PNX-14 proves to be an essential mediator in regulating ovarian periodicity through controlling the
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LH secretion.!” There is a large volume of published studies describing the role of PNX-14 in contributing to

obesity due to PCOS through the hypertrophy and hyperplasia it creates in adipose tissue (AT).!

Although the impacts of KD adherence have been established on multiple neuropeptides in various conditions, its
impacts on neuropeptides have not been investigated in PCOS. Thus, the present pilot observational study was to
ascertain how well adhering to 3 and 6 months of KD affects routine reproductive and neuropeptide (KISS and

PNX-14) markers in obese PCOS.
Method and Materials
Study Design and Participants

The present work is a pilot observational study conducted over 1 year (2025) on 100 obese PCOS women at
private clinics in Baghdad City, ages 18 to 25. Fifty obese PCOS women were excluded from our pilot
observational study; 13 did not meet the inclusion criteria, 12 refused to participate, 10 were on current PCOS
therapy, nine lost to follow-up, and six withdrew after 4 months of adhering to KD. Thus, only 50 obese PCOS
women completed and concluded the study as presented in Figure 1. The present study utilizes the revised
Rotterdam criteria to diagnose PCOS,? which calls for at least 2 of 3 major symptoms to be required: (1) oligo/or
amenorrhea; (2) signs of biochemical hyperandrogenism; (3) polycystic ovary morphology (each ovary has >12
follicles with 2-9 mm in diameter and a raised volume >10 mL, seen through ultrasonography). Obese women
with other possible conditions, rather than PCOS, were ruled out in our study, including Cushing’s syndrome,
congenital adrenal hyperplasia, tumors that secrete androgens, diabetes mellitus, and hypertension. Also, obese
women who have taken any drug except potassium citrate (Kalinor), an anti-drug for calcium oxalate and uric
acid stones, were ruled out in our study. To obtain their ethical consent, a short questionnaire was designed to
ascertain women's understanding of the brief information about the current study, including its aim and benefits,

methods, and confidentiality.
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Assessed for eligibility
(n=100)

Excluded (n=35)

» oNot meeting inclusion criteria (n=13)
oRefused to participate (n=12)
«Current PCOS therapy (n=10)

Enrollment

Randomized (n=65)

_E Allocated to intervention (n=65)
§ oReceived allocated intervention (n=65)
S oDid not receive allocated intervention (n=0)
<
5
3 oLost to follow-up (n=9)
S | oDiscontinued intervention (n=6)
&
E, Analyzed (n=50)
;é oExcluded from analysis (n=0)

Figurel. Flowchart of obese PCOS selection in the study.

The Protocol for Ketogenic Diet Adherence

Obese PCOS in our pilot observational study have adhered to a standard KD. The daily calories consumed by
each obese PCOS woman were measured by a certified nutritionist doctor through determining her body
composition, basal metabolic rate, and daily home physical activity, which provides daily kilocalories of
approximately 1300-1700 kcal/day. Two meals were included to compute the net daily energy. The net daily
energy consumption was taken as 6% vegetable carbohydrate sources (like green pepper, lettuce, cabbage, tomato,
and garlic), 20% animal protein sources (like shrimp, fish, chicken, eggs, and meat), and 74% fats from avocado
fruit, olive oil, animal tallow, and coconut oil. Each PCOS woman was contacted through mobile phone during
the 6 months of KD intervention to monitor compliance, resolve any issues, and take food dietary diaries. KD
adherence was assessed using urinary ketone body measurements (> +1.5 mmol/L) on urine strips (CYBOW,

Republic of Korea) three times a day.
Blood Sample Collections

Five milliliters by using a disposable syringe were withdrawn from the venous obese PCOS after overnight fasting
for 10-12 hours during days 2, 3, or 4 (early follicular phase of the menstrual cycle). Five milliliters were left to

clot at room temperature (25 °C) in tubes containing gel for 10 minutes and then centrifuged to separate the sera.
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The sera obtained by centrifugation were stored until the routine reproductive hormonal and neuropeptide

parameters were measured.
Anthropometric and Biochemical Characteristics Determination

The woman's body weight and height were measured through the InBody-270S (InBody, UK) electronic scale,
nearest 0.1 kg, and the BSM-270B (InBody, UK) stadiometer, nearest 0.1 cm. To measure a woman's body mass
index (BMI), her weight (kg) was divided by her height squared (m?).

Fasting sera of hormonal tests, including insulin (INS, plu/mL), luteinizing hormone (LH, mIU/mL), follicle-
stimulating hormone (FSH, mIU/mL), total testosterone (TT, ng/mL), dehydroepiandrosterone-sulfate (DHEA-
SO4, ng/dL), estradiol (E», pg/mL), and sex hormone-binding globulin (SHBG, nmol/L), were measured by
commercial kits (Roche Diagnostics, Switzerland) and the Cobas e-411 autoanalyzer system (Roche-Hitachi
Diagnostics, Japan) through the Electro-Chemi-Luminescence-Immuno-Assay (ECLIA). One of the most well-
known equations for calculating free androgen index (FAI) percentage is TT (ng/mL) x 2.5 / SHBG (nmol/L) %
100%.%°

The kisspeptin (KISS, 31.25-2000 pg/mL) and phoenixin-14 (PNX-14, 1.563-100 pg/mL) levels were determined
using commercial kits (FineTest, China) through the Enzyme-Linked-Immune-Sorbent Assay (ELISA).

Statistical Analysis

One-way ANOVA (analysis of variance) and Tukey’s tests were performed to assess the P-value (probability of
differences) between before and after-KD adherence in obese PCOS via the Prism computer program, version
8.0.1 (GraphPad Software, New York, USA). The Shapiro—Wilk normality test was employed to assess whether
the study parameters follow a Gaussian (normal distribution). Mean + standard deviation (SD) was used to present
the study results. To investigate whether there were significant associations between neuropeptides (KISS and
PNX-14) and reproductive parameters at baseline (before KD adherence), Pearson intercorrelations were

employed.
Results and Discussion

Table 1 presents the linear regression analysis among KISS and PNX-14 with anthropometric and reproductive
parameters at baseline (pre-KD). The correlational analysis regarding KISS showed a significant positive
association with LH, TT, and DHEA-SOs, and a significant inverse association with SHBG. The correlational
analysis regarding PNX-14 reveals significant positive associations with BMI, LH, LH/FSH ratio, TT, and E,. On
the other hand, further statistical tests revealed no significant association between KISS and PNX-14 (r=0.299,
P=0.421).

Table 1. The intercorrelations among the studied parameters in obese PCOS women at baseline.

Parameter KISS PNX-14
r P r P
Weight, Kg 0.223 0.203 0.501 0.097
BMI, Kg/m* 0.131 0.189 0.597 0.007**
INS, plu/mL 0.412 0.389 0.811 0.078
LH, mIU/mL 0.722 0.001%* 0.422 0.039*

5 | Advanced Pharmaceutical Bulletin 2026



Accepted Manuscript (unedited)

The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form.

FSH, mIU/mL 0.021 0.914 0.078 0.933
LH/FSH ratio 0.152 0.526 0.297 0.034*
TT, ng/mL 0.720 0.001+** 0.612 0.001+**
DHEA-SOs, ng/dL 0.692 0.001+** 0.634 0.349
E:, pg/mL 0.167 0.507 0.311 0.032*
SHBG, nmol/L -0.489 0.005** -0.454 0.557
FAIL % 0.412 0.389 0.222 0.159

*: significant association between the two parameters; **: highly significant association between the two parameters.

Table 2 compares the results from the preliminary analysis of KD adherence at 3 and 6 months. From the baseline

(pre-KD), a significant reduction was demonstrated in the levels of body weight (-12.5 kg vs. -25.5 kg), BMI (-
6.1 kg/m? vs. -10.2 kg/m?), INS (-2.8 plw/mL vs. -5.3 plu/mL), LH (-6.5 mIU/mL vs. -9.3 mIU/mL), LH/FSH ratio
(-1.6 vs. -2.2), TT (-0.6 ng/mL vs. -0.8 ng/mL), DHEA-SO4 (-28.3 pg/dL vs. -45.7 pg/dL), E, (-26.6 pg/mL vs. -
71.8 pg/mL), and FAI (-3.3% vs. -6.3%). At the same time, significant improvement in the levels of FSH (1.3
mlIU/mL vs. 2.5 mIU/mL) and SHBG (5.6 nmol/L vs. 12.4 nmol/L).

Table 2. Anthropometric and reproductive parameters changes before and after KD adherence in obese PCOS.

Pre-KD Post-3 months of Post-6 months of
Parameter (Baseline) KD KD P-value
Mean + SD Mean + SD Mean + SD

Weight, Kg 88.9+12.7 76.4+14.3 63.4+11.9 <0.0001
BMI, Kg/m* 349+3.8 28.8+3.3 24.7+4.1 <0.0001
INS, plu/mL 16.7+2.2 13.9+4.6 11.4+3.6 0.0025
LH, mIU/mL 189+5.5 12.4+29 9.6+2.4 <0.0001
FSH, mIU/mL 56+1.9 69=+1.5 8.1+2.1 0.0254
LH/FSH ratio 34+£29 1.8+1.9 1.2+1.1 0.0388
TT, ng/mL 1.9+0.7 1.3+£0.4 1.1£0.2 <0.0001
DHEA-SOys, pg/dL 230.8+75.5 202.5+88.1 185.1+£92.6 <0.0001
E:, pg/mL 266.4+62.4 239.8+77.7 194.6 £93.9 <0.0001
SHBG, nmol/L 42.5+£22.6 48.1+£18.5 54.9+20.4 <0.0001
FAIL % 11.1+4.6 7.8+1.4 48+ 1.7 <0.0001

KD: Ketogenic Diet; SD: Standard Deviation; FAI: Free Androgen Index.

Figures 2 and 3 show the effects of adhering to KD for 3 and 6 months on the level of neuropeptides (KISS and
PNX-14). The levels of KISS (-60.1 pg/mL vs. -86 pg/mL) and PNX-14 (-16.8 ng/mL vs. -24.6 ng/mL) were

significantly reduced from the baseline.
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Figure 2. Changes in kisspeptin levels before and after KD adherence. */**: reveal that the means difference is significant
(P<0.05).
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Figure 3. Changes in the phoenixin-14 level before and after KD adherence. ****: reveal that the means difference is
substantial and significant (P<0.0001).

The most intriguing findings that emerged from Table 2 in the current pilot observational study were that
intervention for 3 and 6 months of KD had a statistically significant impact (P<0.005) on routine anthropometric
and reproductive parameters among obese PCOS women. Our results accord with earlier observations by Harbi

and colleagues,?! who demonstrated that 6 months of KD intervention substantially and significantly alter routine
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anthropometric, metabolic, and reproductive parameters in obese PCOS individuals. Limiting daily carbohydrate
intake to < 50g causes the gluconeogenesis pathway in the liver to be stimulated. Moreover, when endogenous
glucose synthesis is depleted, circulating insulin levels decrease, thereby exhausting body fat storage through the
ketogenesis pathway. Thus, recent years have seen renewed interest in KD as a significant weight-loss regimen
because of its pivotal role in reducing ghrelin (hunger hormone) and increasing satiety peptides through the ketone
bodies' appetite-suppressing properties, and then dramatically lowering calorie intake.?”?* Additionally, the
existing literature on many obesity-related diseases, particularly PCOS, is extensive and focuses particularly on
the central correlation between obesity and dyslipidemia prevalence and ovulatory dysfunction in PCOS.?* One
of the main phenomena seen in obese PCOS women is dyslipidemia due to IR with compensatory HI.
Dyslipidemia is recognized to be related to central and liver fats in obese PCOS.?® Recent studies demonstrate a
significant association between dyslipidemia and HA in PCOS through reduced apolipoprotein A1 (Apo Al), a
key aspect for numerous androgenic and steroidogenic enzymes in the ovarian granulosa cell.?® Also, liver fat is
a dominant contributor to HA in PCOS, which causes an adverse reproductive dysregulation risk. 2’ KD was found
to reduce liver fat and regulate the lipid profile in obese PCOS via improving hepatic IR and reducing circulating
glucose and insulin.?' Likewise, HI has significant effects on the ovaries' ability to synthesize and release more
androgen through reducing SHBG secretion by the liver in obese conditions.”® SHBG, a central biologically and
bioavailability regulator for androgens and sex steroids in the circulation, is used to evaluate the severity of HA
in PCOS. SHBG is mainly produced by hepatocytes, and its synthesis and secretion are substantially affected by
HI due to obesity.?’ According to our results regarding the effect of KD intervention on SHBG levels, we may
infer that decreased HI enhances SHBG synthesis and secretion by hepatocytes via limiting the stimulation of
ovarian androgen synthesis, which together restrict the free androgen levels in the bloodstream. On the other hand,
a dominant feature of disrupted ovulation in PCOS is a relatively elevated LH-to-FSH ratio, and a significant
reduction in this ratio is frequently prescribed for menstrual cycle regulation, hormonal balance normalization,
ovulatory improvement, and chances of conceiving. It can thus be suggested that KD intervention is typically

helpful for PCOS women to reduce the LH/FSH ratio, which may restore normal function of the endocrine system.

On the question of the impact of KD on neuropeptide levels (KISS and PNX-14), our study found that KISS and
PNX-14 levels were significantly reduced after 3 and 6 months of KD adherence, as displayed in Figures 2 and 3.
To our knowledge, our study is the first pilot observational report to observe whether the KD intervention
significantly impacts circulating neuropeptides (KISS and PNX-14) in obese PCOS. While the potential
mechanisms by which KD regulates neuropeptides in PCOS remain unclear, our study results may be explained
by four primary suggestions. First, weight loss is important in obesity and can help to regulate neuropeptides in
PCOS. Recent studies have established that substantial weight loss results in significant regulation of
neuropeptides circulating in the bloodstream.?' Although KISS does not show a significant correlation with BMI,
PNX-14 had a significant positive association with BMI, as shown in Table 1. Therefore, it seems possible that
this finding is due to an implication of the current pilot observational results, which suggest a link between KD-
support weight loss and neuropeptide regulation in obese PCOS. Second, the KD reduces visceral adipose tissue
(VAT) and regulates blood biochemical variables.*? Recently, considerable evidence has accumulated to show that
VAT releases various neuropeptides and can trigger reproductive disorders.>** Several lines of evidence suggest
that a significant reduction in the VAT level by KD results in reduced abdominal obesity and improves its
complications.** Although VAT was not measured in the current pilot observational study, earlier observation by

Paoli and colleagues reported that VAT was significantly reduced by 36.5% among overweight PCOS women who
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adhered to a 12-week KD.*® It can thus be suggested that a substantial reduction in VAT by KD may reflect
regularities in the secretion of neuropeptides from AT. Third, there is a significant influence of obesity on
neuropeptide dysregulation because of HI.>’ Despite the current pilot observational study lacking a direct
assessment of insulin effects on KISS and PNX-14 neurons, a large volume of published studies has investigated
how most neuropeptides are affected in metabolic syndromes, especially in PCOS, due to HI.® As Table 2 shows,
a significant reduction in insulin levels when obese PCOS women follow KD may have caused an observable
reduction in their KISS and PNX-14 levels. Therefore, it is probable that the effects of KD intervention on
neuropeptide (KISS and PNX-14) levels in obese PCOS may support neuropeptide secretion and HI
pathophysiological correlation. Fourth, the majority of the literature has established that KD intervention plays a
significant role in gonadotropin hormone secretion regulation by enhancing insulin sensitivity and thereby
controlling GnRH secretion.*® As shown in Table 1, KISS and PNX-14 have a significant direct association with
LH. Hyperstimulation of thecal cells, follicular maturation failure, and anovulation are all caused by LH
overproduction and result in androgenic hypersecretion and the creation of a vicious circle that feeds on itself.*
Therefore, these correlations likely indicate that a significant reduction in LH and TT via KD leads to a substantial

decrease in circulating neuropeptides (KISS and PNX-14) in obese PCOS.

The findings in this report regarding neuropeptides (KISS and PNX-14) are subject to at least three limitations,
thereby reducing their generalizability. First, the sample of obese PCOS was small, the duration of KD follow-up
was brief by 6 months, and the evaluation of ketone bodies during the KD follow-up relied mainly on urine strips.
Second, this pilot observational report lacks a non-KD-obese PCOS (control group). Third, it is unfortunate that
the study did not include measurement of VAT and no direct assessment of insulin effects on KISS and PNX-14
neurons. At the same time, several questions remain unanswered. For instance, the duration and side effects of
KD are still controversial. There is no evidence of short-term side effects, and they are thought to be safe for short
periods. Information on long-term adherence to KD is limited. Hence, to demonstrate whether KD has the same
impacts, further pilot studies utilizing controlled trials are necessary in a large sample of obese PCOS individuals.

More broadly, studies are also needed to determine the safety of adhering to KD over time.
Conclusion

The findings from the present pilot observational study are suggestive of the role of KD and its positive effects on
reproductive and neuropeptide characteristics in PCOS. It can therefore be assumed that KD may be considered
an adjunctive management for the reproductive and neuropeptide indicators to manage PCOS complications,

particularly neuropeptide dysregulation.
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