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Introduction: As the prevalence of overweight/obesity has increased, the
prevalence of Polycystic ovary syndrome (PCOS) in adolescents has also
increased significantly. The main features of PCOS in adolescents include
menstrual irregularities and hyperandrogenism, manifested as hirsutism, acne,
and/or elevated testosterone levels. Currently, the main treatment of PCOS is
symptomatic supportive therapy. Lifestyle intervention remains the first-line
therapeutic approach for adolescents with PCOS. We present a case study of
Time-restricted feeding (TRF) intervention in 18-year-old monozygotic twins,
both diagnosed with PCOS and insulin resistance (IR).

Methods: The twins underwent an 8-hour TRF intervention for 24 weeks (eating
window between 8:00 a.m. and 4:00 p.m., with only water permitted during the
remaining time; daily caloric intake was restricted to 1,200-1,500 kcal).
Changes in waist circumference, body weight, body mass index (BMI), lipids,
alanine aminotransferase (ALT), aspartate aminotransferase (AST), aspartate
aminotransferase (GGT), fasting glucose (FBG), fasting insulin (FINS), glucose
metabolism (glucose disposal rate, GDR), luteinizing hormone (LH), follicle
stimulating hormone (FSH), LH/FSH, total testosterone (TT), sex hormone-
binding globulin (SHBG), free androgen index (FAl), anti-Mdullerian hormone
(AMH), menstrual cycle, Ferryman—gallwey (F-G) index and Self-Rating
Depression Scale (SDS) were evaluated.

Results: Significant changes in waist circumference, body weight, BMI, FINS,
FBG, ALT, AST, GGT, HDL-L, SHBG, TES, FAI, AMH, LH/FSH were found after
the TRF intervention. Additionally, there was significant improvement in IR
based on the hyperinsulinemic-euglycemic clamp test. Furthermore, TRF
improves menstrual irregularity and hirsutism symptoms, and may also
alleviate potentially depression.

Conclusion: This is the first case report of an 8-hour TRF intervention in
monozygotic twins with PCOS and IR, with effective control of genetic and
environmental confounders. TRF improves IR and clinical symptoms in
adolescents with PCOS, and these benefits are more pronounced with higher
adherence to the intervention.
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Polycystic ovary syndrome (PCOS) is one of the most
common reproductive endocrine and metabolic disorders in
women of reproductive age. The increasing prevalence of
overweight and obesity has significantly increased PCOS
prevalence in adolescents. PCOS is primarily characterized by
insulin resistance (IR), hyperandrogenemia (HA), polycystic
ovary morphology (PCOM), and ovulatory dysfunction. The
of adolescent with PCOS
menstrual irregularity and hyperandrogenism (hirsutism, acne,
high and HA are the key
pathophysiological features of PCOS and the main drivers of its

main clinical features include

and/or testosterone). IR
clinical manifestations (1-4). PCOS is the most common cause
of anovulatory infertility in women and increases the risk of
type 2 diabetes (T2DM),
cardiovascular disease, gynecologic cancers, psychiatric disorders

metabolic  syndrome, mellitus
(depression and anxiety), and pregnancy-related complications,
diabetes

hypertension (PIH), and preeclampsia (5-

including  gestational mellitus, pregnancy-induced
). The treatment of
PCOS is crucial for improving preconception health, reducing
pregnancy-related and multisystem complications. Improving IR
and implementing weight management constitute essential
components of PCOS treatment. The treatment of PCOS
primarily involves a combination of lifestyle interventions and
pharmacological therapies. Lifestyle interventions should be
implemented throughout the treatment of PCOS, whether
combined with pharmacological therapy or not. Lifestyle
interventions, including dietary control, physical activity and
behavioral modifications, are the first-line therapy in
international evidence-based guidelines for PCOS, among which
dietary intervention is the fundamental cornerstone (11).
Various dietary patterns have been studied in patients with
PCOS, but no consensus on the optimal pattern has been
reached. Time-restricted feeding (TRF) involves an eating
window of 4-10 h per day, with fasting for the rest of the day,
and may or may not include calorie restriction. A clinical study
reported the endocrine and metabolic effects of 8 h TRF in
patients with PCOS, with a 5-week intervention period, showing
that TRF reduces weight and improves metabolism (12).

Current clinical research on TRF in adolescents with PCOS
remains limited. We report the effects of 8-hour TRF on IR and
metabolism in monozygotic twins with PCOS, and describe the
changes and differences biochemical and metabolic markers

between twin sisters following a 24-week TRF intervention.

Clinical findings

A pair of 18-year-old monozygotic twin sisters presented with
“menstrual disorders for 8 years”. Years of menstrual disorders led
them to consult an endocrinologist at our hospital on July 7, 2022.
They had not received any treatment during these 8 years. Their
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mother had no history of PCOS, and their father had no history
of baldness. Sister A had her menarche at age 10, which was
mainly characterized by menstrual irregularities (menstrual cycle
of 30-60 days), along with marked hirsutism and acne. Sister
B experienced menarche at age 10, similarly presenting with
menstrual irregularities (menstrual cycle of 30-180 days) and
recurrent acne, though with less severe hirsutism compared to
sister A.

Sister A: height was 1.51 m, weight was 61 kg, body mass
index (BMI) was 26.75 kg/mz.
revealed a cystic mass in the left adnexal region. The hormone

Gynecological ultrasound
results: free androgen index (FAI):9.44%; total testosterone
(TES): 52.78 ng/dl; sex hormone-binding globulin (SHBG):
16.39 nmol/L; estradiol (E2): 47.91 pg/ml; follicle-stimulating
hormone (FSH): 5.1 IU/L; luteinizing hormone (LH):15.5 IU/L;
progesterone (P): 0.189 ng/ml; prolactin (PRL): 11.15ng/ml;
dehydroepiandrosterone (DHEA): 120.38 pg/dl; fasting insulin
(FINS):  116.68 pmol/L; (AMH):
93.03 pmol/L. The euglycemic-hyperinsulinemic clamp test was

anti-Miillerian hormone
employed to assess IR, and the measured glucose disposal rate
(GDR) was 2.96 mg/kg/min, confirming significant IR. alanine
aminotransferase (ALT): 55 U/L; aspartate aminotransferase
(AST): 41 U/L; triglyceride (TG): 1.25 mmol/L, total cholesterol
(TC): 3.48 mmol/L; high-density lipoprotein cholesterol (HDL-
C): 0.88 mmol/L; low-density lipoprotein cholesterol (LDL-C):
2.29 mmol/L; (FBG):  4.79 mmol/L.
Ferriman-Gallwey (F-G) score was 20 points, and she had no

fasting  blood-glucose

obvious signs of acanthosis nigricans.

Sister B: height was 1.50 m, weight was 65 kg, BMI: 28.88 kg/m’.
Gynecologic ultrasound showed no significant abnormalities in
the sonograms of the uterus and bilateral adnexa. Hormone and
results of euglycemic-hyperinsulinemic clamp test were as follows:
FAIL: 21.61 nmol/L; TES: 100.65 ng/dl; SHBG: 16.09 nmol/L; E2:
51.27 pg/ml; FSH: 5.2 IU/L; LH: 13.9 IU/L; P: 0.284 ng/ml; PRL:
13.60 ng/ml; DHEA: 101.67 ug/dl; FINS: 20.6 pmol/L; AMH:
88.25 pmol/L; GDR: 3.30 mg/kg/min. ALT: 36 U/L; AST: 30 U/L;
TG: 1.01 mmol/L; TC: 4.03 mmol/L; HDL-C: 0.9 mmol/L; LDL-C:
2.66 mmol/L; FBG: 4.79 mmol/L. F-G score was 18 points.
The cervical region and axillae presented with marked
acanthosis nigricans.

The twins both exhibited typical PCOS symptoms, including
clinical and biochemical hyperandrogenism and menstrual
irregularities. After excluding other causes of HA and menstrual
disorders (e.g., congenital adrenocortical hyperplasia, androgen-
secreting and Cushing’s syndrome), both were
diagnosed with PCOS based on the 2008 Rotterdam criteria.

presents the basic information and characteristics of

tumors,

the twins. The F-G index indicated significant hirsutism. Both
twins were found to have significant IR, as confirmed by
the hyperinsulinemic-euglycemic clamp testing. IR is one of
the main pathophysiological features of PCOS. Given that
monozygotic twins share nearly identical genetic and
environmental backgrounds, we focused on investigating their
lifestyle habits (diet, sleep and exercise) and found that neither
had healthy habits. Regarding diet, rice was their staple food,

and they frequently consumed high-fat, high-calorie, and
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high-carbohydrate foods, Additionally, their dietary habits were
usually irregular. Regarding sleep, they often stayed up late
(going to sleep after 24:00), averaging 8-10 h of sleep per night.
We further assessed sleep quality using the Pittsburgh Sleep
Quality (PSQI), which
abnormalities. They had irregular schedules and rarely exercised.

Index revealed no  significant
To comprehensively assess their quality of life, symptom severity
and potential depression, the twins completed the Polycystic
Ovary Syndrome Questionnaire (PCOSQ) and the Self-Rating
Depression Scale (SDS). The PCOSQ results revealed that they
occasionally felt frustrated by irregular menstruation and
hirsutism. They were highly concerned about obesity, and felt
that it was difficult to lose weight and maintain an ideal weight,
which led to frustration with weight loss. Despite their strong
desire to lose weight, neither had made any efforts to change
their lifestyle habits, resulting in prolonged psychological
distress and recurring anxiety. Neither SDS result indicated
clinical depression, but the scores were close to the diagnostic
threshold. The PSQI results showed that both had acceptable
sleep quality.

TABLE 1 Baseline characteristics of the twins.

‘ Baseline characteristics
) 18 18

Age (years

Height (m) 1.51 1.50
Weight (kg) 61 65
Body mass index (kg/m?) 26.75 28.88
Waist circumference (cm) 80 85

Age at menarche (years) 10 10
Profession Student Student
Level of education University University
Economic income none none
History of smoking none none
History of drinking none none
Marital history none none

10.3389/fradm.2025.1557504

Therapeutic interventions and follow-up

A 24-week, 8 h TRF intervention was administered to the
twins with PCOS and IR. They ate between 8:00 a.m. and 4:00
p-m., with only water allowed during the remaining hours. Daily
caloric intake was restricted to 1,200-1,500 kcal and maintained
their usual level of physical activity. Both were provided with
identical dietary guidelines and closely monitored daily (all food
consumed, except water, was required to be photographed and
recorded). The aim was to observe changes in metabolic and
biochemical indicators and track menstrual patterns during
the intervention.

After 24 weeks of the TRF intervention, the twins returned to
hospital for a follow-up examination. Figure 1 shows that both
sisters experienced significant weight loss, with the most
pronounced reduction occurring in the first 8 weeks, followed
by minimal change over the subsequent 16 weeks. Both achieved
a body weight loss of more than 5%: Sister A lost 13.60%, and
Sister B lost 9.23%. The hyperinsulinemic-euglycemic clamp test
showed significant improvements in IR, with the following
GDR: Sister A, 7.07 mg/kg/min; Sister B, 6.33 mg/kg/min
(Figure 2). Levels of FAI, TES and LH/FSH improved
significantly, while SHBG increased significantly. Although FBG
and INS levels were already within the normal range, post-
intervention values were lower than baseline. Additionally, F-G
scores indicated that hirsutism symptoms improved after the
TRF intervention. We observed a decline in AMH levels
compared to those before the intervention (Table 2), and their
the
improvement in menstrual regularity. Levels of ALT, GGT, and

menstruation records  during intervention  showed
AST decreased after the TRF intervention. However, its effects
on the blood lipid profile were inconsistent: HDL-C and TC
levels increased, whereas LDL-C exhibited only a marginal
elevation that remained within the normal physiological range

(Table 3). Following TRF intervention, SDS values decreased.

Childbearing history none none
Neither twin experienced sleep disorders, no significant changes
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FIGURE 1
Overall changes in the twins' body weight.
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FIGURE 2

Comparison of glucose disposal rate pre-and post-time-restricted feeding.

TABLE 2 Comparison of sex hormones.

Hormone Sister A Sister B

tested
Post-

TRF

Pre-
Uk

Post-
TRF

Pre-
TRF

AMH (pmol/L) 93.03 77.18 88.25 50.55 7.14-28.6
FAI (%) 9.44 5.9 21.61 9.46 1-7
SHBG (nmol/L) 16.39 29.14 16.09 30.05 18-144
FINS (pmol/L) 116.68 71.53 143.07 | 4028 14-174
FSH (IU/L) 5.1 4.9 52 1.6 2.5-9.1
LH (IU/L) 15.5 11.6 13.9 2.7 1-11
TES (ng/dl) 52.78 49.60 100.65 | 42.97 15-70
E2 (pg/ml) 47.91 67.38 5127 54.19 15-350
P (ng/ml) 0.189 0.193 0.284 0.276 <1
PRL (ng/ml) 11.15 13.45 13.60 15.88 5-23
DHEA (ug/dl) 120.38 80.94 101.67 | 132.77 45-320

AMH, anti-Miillerian hormone; FAI, free androgen index; SHBG, sex hormone-binding
globulin; FINS, fasting insulin; FSH, follicle-stimulating hormone; LH, luteinizing
hormone; TES, total testosterone; E2, estrogen; P, progesterone; PRL, prolactin;
DHEA, dehydroepiandrosterone.

in sleep quality were observed. The differences in outcomes
between the twins may be attributed to differential compliance
with the 24-week TRF intervention. Sister A adhered to the
regimen for an average of 6 days per week, Sister B followed it
for 5 days per week (Figure 3). We recorded the reasons for
occasional non-compliance with fasting, most instances were
due to social events (such as dinners with family or friends) or
busyness with studies, while other reasons included forgetting
the time, hunger, or food cravings. Neither twin experienced
significant adverse effects during the intervention. Three months
later, during our follow-up with the twins, they said that they
had attempted to maintain the same fasting habits as during the
intervention, albeit with less strict adherence. No significant
changes were observed in the twins’ body weight, and their
menstrual cycles remained relatively regular.

Frontiers in Adolescent Medicine

TABLE 3 Comparison of Metabolic parameters.

Metabolic SinsterA SinsterB
parameters

Pre- = Post- | Pre- @ Post-

TRF TRF TRF TRF
ALT (IU/L) 55 20 36 20 7-35
AST (IU/L) 41 21 30 22 13-35
AST/ALT 0.75 1.05 0.83 1.1 -
GGT (IU/L) 36 16 31 21 6-42
TBIL (umol/L) 114 153 14.9 143 3.4-205
DBIL (umol/L) 2.9 35 36 2.8 0-6.8
IBIL (umol/L) 8.5 11.8 113 115 34-13.7
TBA (umol/L) 1.6 2.25 1.46 2.8 0-10
TG (mmol/L) 1.25 0.81 1.01 1.24 <17
TC (mmol/L) 3.48 4.59 4.03 44 <52
HDL-C (mmol/L) | 0.88 1.29 0.9 1.06 0.91-1.55
LDL-C (mmol/L) 2.29 2.71 2.66 2.88 <34
FBG (mmol/L) 4.79 4.75 4.79 4.19 3.9-6.1
GDR (mg/kg/min) | 2.96 7.07 3.30 6.33 7.5-12
Weight (kg) 61 52.25 65 58.8 -
BMI (kg/m?) 26.75 2291 28.88 26.13 -
Waist (cm) 80 79 85 82 -
F-G 20 8 18 10 -

Values in parenthesis are International System of Units (SI). ALT, alanine aminotrasferase;
AST, aspartate aminotransferase; GGT, gamma-glutamyltransferase; TBIL, total bilirubin;
DBIL, direct bilirubin; IBIL, indirect bilirubin; TBA, total bile acid; TG, triglyceride; TC,
total  cholesterol; HDL-C, high-density cholesterol; LDL-C, low-
densitylipoprotein cholesterol; FBG, fasting blood-glucose; GDR, glucose disposal rate;
BMI, body mass index; F-G, ferryman-gallwey.

lipoprotein

Discussion

In this report, the twins presented with typical clinical
manifestations of adolescents with PCOS, including menstrual
irregularities, hirsutism, and acne. Hyperinsulinemic-euglycemic
clamp test revealed severe insulin resistance in both twins.
While the etiology of PCOS remains uncertain, genetic and

frontiersin.org



Luo et al.

10.3389/fradm.2025.1557504

- Sister A
- SisterB

Week

FIGURE 3
Adherence of twins to time-restricted feeding
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environmental factors are thought to play a major role (1). In this
case, we controlled these factors and focused on the twins’ lifestyle
behaviors. We observed that long-term unhealthy lifestyle
behaviors (poor diet, disorganized routine, and chronic physical
inactivity) may induce or exacerbate PCOS symptoms. These
findings are consistent with previous epidemiological
Unbhealthy lifestyle
habits contribute to weight gain, which in turn exacerbates

observations in women with PCOS (13).

clinical symptoms and psychological issues, thereby creating a
vicious cycle.

Currently, TRF is one of the most popular dietary patterns for
weight loss and a form of intermittent fasting. An increasing
number of clinical studies are exploring the effects of TRF on
obesity and metabolic disorders, including type 2 diabetes,
metabolic syndrome and PCOS, most research has found that
TRF can reduce body weight and improve metabolic disorders,
however, the majority of studies have focused on short-term
interventions (4-12 weeks) (14-16). In this case, the twins
underwent a 24-week TRF intervention, a longer duration than
most existing studies. Significant improvements were observed
in weight, BMI, waist circumference, TES, SHBG, FAI, FINS,
FBG, LH/FSH, ALT, AST, and GGT, consistent with previous
findings (8, 14). However, most studies assess insulin resistance
using the homeostatic model assessment-insulin resistance
(HOMA-IR). Notably,
significantly as measured by the hyperinsulinemic-euglycemic
clamp assay (the gold standard for diagnosing IR). Therefore,

twins’ insulin resistance improved

this case report found that TRF significantly improves insulin
sensitivity. Furthermore, current studies have found that AMH
levels are significantly elevated in adolescent with PCOS.
Measuring AMH during adolescence is not only meaningful for
the diagnosis of PCOS but also as a significant determinant in
later life (17, ). We found that the twin’s AMH levels
decreased after TRF, which may reflect an improvement in
PCOS-related ovulatory dysfunction. Women with PCOS have
an increased risk of depression (8), although neither twin in this
case was diagnosed with depression, weight loss and symptom

Frontiers in

improvement significantly reduced the frequency of anxiety after
TRF intervention. The primary difference between the twins was
intervention adherence, Sister A had higher adherence, which
led to more pronounced effects. Those findings indicate that
higher adherence is associated with more pronounced benefits.
At present, the mechanism by which TRF improves insulin
resistance and hyperandrogenism remains unclear. Current
studies have shown that the improvement of metabolic disorders
by TRF may be associated with enhanced circadian rhythms,
increased  autophagy reduced

expression, inflammatory

responses, and improved gut microbiota (19-21), more basic
and clinical studies are required to further confirm the

underlying mechanisms.

This is the first case report of monozygotic twins with PCOS
and IR who underwent a 24-week TRF intervention, effectively
controlling for genetic and environmental confounders. The 8 h
TRF intervention significantly reduced waist circumference,
BMI, FBG, FINS, ALT, AST and GGT. It also significantly
improved IR and HA, regulated menstruation, and promoted
ovulation. Long-term TRF adherence may contribute to body
weight control, with higher adherence levels associated with
greater benefits. TRF may be a suitable pattern for adolescents
with PCOS to improve clinical symptoms and restore ovulation.
Further large-scale randomized controlled trials are required to
elucidate the effects of TRF in adolescents with PCOS.

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.
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