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Abstract: The role of early-onset obesity-related genetic predisposition and leptin receptor
variants have been previously studied. However, studies involving sleep-related disorders
linked to a genetic predisposition, leading to obesity, and how leptin could play a role in sleep-
related disorders have been limited. In this study, we explore a case of how leptin receptor
variants could play a role in the relationship between obesity and sleep-related disorders. We
present a case of a morbidly obese (BMI of 62.87 kg/m2) Puerto Rican teenage female with a
past medical history of type 2 diabetes mellitus, hypothyroidism, essential primary
hypertension, and obstructive sleep apnea (OSA), who was evaluated due to complications
regarding sleeping difficulties, despite being on Continuous Positive Airway Pressure (CPAP)
treatment. Genetic studies performed to assess the causes of obesity revealed BBS9
heterozygous gene for a sequence variant defined as ¢.396GC and heterozygous LEPR gene
for a sequence variant defined as c.658GA, which has been associated with an increased
predisposition to obesity. This case report emphasizes the value of genetic research in figuring
out the root causes of obesity and its comorbidities, especially in cases of early-onset obesity
and co-occurring disorders such as OSA. The discovery of genetic variations in LEPR and
BBS9 genes offers crucial information on potential mechanisms underlying the clinical
phenotype of the patient.
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1. Introduction

Obesity is a complex, multifaceted condition with a rising global incidence that
poses a risk for severe problems and comorbidities [1]. The regulation of calorie
intake, hunger, and physical activity are all involved in the etiology of obesity [2].
Although the availability of healthcare, socioeconomic position, and underlying
hereditary and environmental factors could be present, research suggests that
obesity-related genetic variables account for between 40% and 70% (monogenic
and polygenic causes) of obesity in humans, according to family and twin studies
[4]. Previous studies have explored the role of leptin receptor variants and genetic
predispositions in the early development of obesity [5]. However, studies
involving sleep disorders related to a genetic predisposition leading to obesity and
how leptin could play a role in sleep-related disorders have been limited. In this
case, we report clinical findings and genetic analysis of an 18-year-old female
patient with early-onset obesity and co-occurring disorders such as treatment-
resistant Obstructive Sleep Apnea (OSA). Furthermore, we explore how leptin
receptor variants could play a role in the relationship between obesity and sleep-
related disorders.
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2. Case Presentation

Case of an 18-year-old female patient with early-onset obesity and co-occurring
disorders such as treatment-resistant Obstructive Sleep Apnea (OSA).
Polysomnography (PSG) was performed to assess the severity of OSA in this
patient (Figure 1).

Figure 1: 18-year-old female with early-onset obesity, significant facial and
central adiposity, large neck circumference, and pronounced submental fat, also
displaying acanthosis nigricans.

Respiratory disturbances were associated with oxygen desaturation down to a
nadir of 68% during sleep. The mean oxygen saturation during the study was 91%.
The cumulative time under 88% oxygen saturation was 13.4 minutes (Table 1-4).
Prior to starting CPAP therapy, the patient had an apnea/hypopnea index (AHI) of
22.7 events per hour. During titration, the AHI was 2.1 events per hour, and the
Respiratory Disturbance Index (RDI) was 2.1 events per hour. The most
appropriate setting of CPAP was 8cm H2O0, with a sleep efficiency of 96.8%.
There were no significant findings for central sleep apnea nor periodic leg
movements (PLMs) during sleep (Appendix 1).

Table 1. Sleep Architecture

Lights Out Time: 21:02:19 Lights On Time: 04:47:18
Total Recording Time (Min.): 465.0 # of REM Episodes:

Time (min.) % of Total Sleep Time = Normal %
Stage N1 (Drowse) 55 3.6 5-10%
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Stage N2 (Mod. Depth)

Stage N3 (Deep/Slow
Wave)

REM (Dream)
Total Sleep Time (Min.)

Latency to Sleep Onset
Latency to Stage N2
Latency to REM Sleep

Wake After Sleep Onset

Sleep Efficiency*

86.5

61.5

0.0
153.5

5.0

1.0

0.5

94.8

56.4

40.1

0.0
100%

45-55%

0-21%

17-28%
>360 Min.

<30 Min.

<10 Min. from onset

80-110 Min. (approx)

>85-90%

This table outlines the distribution of sleep stages during the total recording time of 465
minutes. Time spent in each stage includes N1 (5.5 min, 3.6%), N2 (86.5 min, 56.4%), N3 (61.5
min, 40.1%), with no REM sleep recorded. The total sleep time was 153.5 minutes, with a sleep
efficiency of 94.8%. Sleep onset latency was 5.0 minutes, latency to stage N2 was 1.0 minute,
and wake after sleep onset was 0.5 minutes.

Table 2. Sleep Architecture, Titration Section

Lights Out Time: 23:44:49

Total Recording Time (Min.): 302.5

Total Recording

Stage N1 (Drowse)

Stage N2 (Mod. Depth)
Stage N3 (Deep/Slow
Wave)

Stage REM (Dream)
Total Sleep Time (Min.)

Latency to Sleep Onset
Latency to Stage N2

Latency to REM Sleep
Wake After Sleep Onset

Sleep Efficiency*

Normal %

5-10%
45-55%
0-21%

17-28%
>360 Min.

<30 Min.

80-100 Min. (approx)

>85-90%
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Lights On Time: 04:47:18

# of REM Episodes:

CPAP Titration
TIME (min.)

302.5
6.0
157.5
26.0

103.0
292.5

1.0
1.0

21.0
9.0

96.7

% Total Sleep Time

2.1
53.8
8.9

35.2
100%
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This table outlines the sleep architecture during a CPAP titration study. The total recording time
was 302.5 minutes, with sleep divided into stages: N1 (6.0 min, 2.1%), N2 (157.5 min, 53.8%),
N3 (26.0 min, 8.9%), and REM (103.0 min, 35.2%). Latencies to sleep onset, stage N2, and
REM sleep were 1.0, 1.0, and 21.0 minutes, respectively. Sleep efficiency was 96.7%, with 9.0
minutes of wake time after sleep onset.

Table 3. Respiratory Summary

By Sleep Stage By Position TOTAL
NREM REM Supine Non-Supine

Sleep Time (Min.) 153.5 0.0 153.5 0.0 153.5
APNEA
Obstructive 0 0 0 0 0
Mixed 0 0 0 0 0
Central 0 0 0 0 0
Total Apnea 0 0 0 0 0
Apnea Index 0.0 0.0 0.0 0.0 0.0
HYPOPNEA 58 0 58 0 58
Total Apneas and 58 0 58 0 58
Hypopneas
AHT* 22.7 0.0 22.7 0.0 22.7
Flow Limitation | 0 0 0 0
Events (RERA)
RDI 22.7 0.0 22.7 - 22.7

This table details the number of apneas and hypopneas during sleep, broken down by

sleep stage (NREM, REM) and body position (Supine, Non-Supine). No apneas were

recorded, while 58 hypopneas occurred, all during NREM sleep in the supine position.

The Apnea-Hypopnea Index (AHI) was 22.7, and the Respiratory Disturbance Index

(RDI) was also 22.7. No flow limitation events (RERA) were noted.

Table 4. Respiratory Summary
TIME BETWEEN NREM REM TOTAL (SLEEP)
90+% 2:14:38.0 0:00:0.0 2:14:38.0
80-89% 0:13:18.0 0:00:0.0 0:13:18.0
70-79% 0:01:39.0 0:00:0.0 0:00:0.0
60-69% 0:00:3.0 0:00:0.0 0:00:3.0
<60% 0:00:0.0 0:00:0.0 0:00:0.0
SAO2 NADIR 68% -% 68%

This table summarizes the time spent at different oxygen saturation levels (SpO2) during non-
REM (NREM) and REM sleep stages. The time is divided into intervals of SpO2: 90+%, 80-
89%, 70-79%, 60-69%, and <60%. The nadir (lowest) SpO2 recorded during sleep was 68%.

Since this patient had a history of treatment-resistant OSA due to morbid obesity,
genetic testing was performed to assess the causes of obesity (Table 5). This
patient is heterozygous in the BBSY9 gene for a sequence variant defined as
¢.396GC, which is predicted to result in the amino acid substitution p.Gln132His.
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Furthermore, this patient is heterozygous in the LEPR gene for a sequence variant
defined as ¢.658GA, which is predicted to result in the amino acid substitution

p-Val220Ile.

Table 5. Summary of Genetic Testing Results for Obesity-Related Gene Variants (BBS9 and LEPR) and their
Clinical Significance

Gene Mode of DNA Variants, Highest In Silico
Transcript Inheritance, Predicted ClinVar | Allele Missense Interpretation
Gene OMIM | Effects, ID Frequency in | Predictions
Zygosity a
gnomAD
Population
BBS9, AR, ¢.396G>C, 0.042%
NM_198428.2 | 607968 p-GIn132His, 841915 Latino Damaging UNCERTAIN
Heterozygous
LEPR, AR, c.658G>A, 0.13%,
NM_002303.5 | 601007 p-Val220lle, 917428 | African Tolerated UNCERTAIN
Heterozygous

Mode of Inheritance: Autosomal Dominant=AD, Autosomal Recessive =AR, X-Linked=XL,
ClinVar ID: Variant accession, GnomAD: Allele Frequency registered in a large population
database (gnomad.broadinstitute.org). Value listed is the highest allele frequency reported within
one of seven population categories recognized in gnomAD v.2.0 (The "Other" population is
excluded). Missense Predictions: Summarized output (Damaging, Conflicting, or Tolerated) via
Poly Phen-2, SIFT, Mutation Taster, and FATHMM.

Additionally, leptin levels were measured, and genetic testing was performed on the
patient's parents. The father's leptin level was 34.2 ng/mL (Male: 1.8-19.9 ng/mL).
Genetic analysis showed the father is heterozygous in the BBS9 gene, heterozygous
in the LEPR gene, and heterozygous in the DNMT34 gene (Table 6). On the other
hand, the mother's leptin level was 64.6 ng/mL (Female: 8-38 ng/mL), and she was
negative for genetic variants (Figure 2).

Table 6. Summary of Genetic Testing Results for Obesity-Related Gene Variants (BBS9 and LEPR) and their
Clinical Significance in the Patient’s Father

Gene Mode of | DNA Variants, Highest In Silico
Transcript Inheritance, | Predicted ClinVar | Allele Missense Interpretation
Gene OMIM | Effects, ID Frequency Predictions
Zygosity ina
gnomAD
Population
BBS9, AR, ¢.396G>C, 0.042%
NM_198428.2 607968 p-GIn132His, 841915 Latino Damaging UNCERTAIN
Heterozygous
LEPR, AR, c.658G>A, 0.13%,
NM_002303.5 601007 p-Val220lle, 917428 African Tolerated UNCERTAIN
Heterozygous
DNMT3A, AD, c.835G>A, 0.0029%,
NM_175629.2 602769 p-Asp279Asn, 1190119 | Latino Conflicting UNCERTAIN
Heterozygous

Mode of Inheritance: Autosomal Dominant=AD, Autosomal Recessive =AR, X-Linked=XL ,
ClinVar ID: Variant accession (www.ncbi.nlm.nih.gov/clinvar), GnomAD: Allele Frequency
Ponce Health Sciences University Scientific Journal, 2025, 1, x.

www.phsujournal.com



http://www.ncbi.nlm.nih.gov/clinvar

Ponce Health Sciences University Scientific Journal, 2025, 1, x. FOR PEER REVIEW

registered in a large population database (gnomad.broadinstitute.org). Value listed is the highest
allele frequency reported within one of seven population categories recognized in gnomAD v.2.0
(The "Other" population is excluded).

Missense Predictions: Summarized output (Damaging, Conflicting, or Tolerated) via Poly Phen-
2, SIFT, Mutation Taster, and FATHMM [6].

Figure 2. Pedigree of Genetic Testing Results for Obesity-Related Gene Variants (BBS9 and LEPR)

I ®

I-1 I-2

II

II-1

The pedigree shows the inheritance pattern of BBS9 and LEPR variants. I-1 (filled square) carries
the identified variants, while I-2 (empty circle) has no known variants. II-1 (filled circle)
represents the child with the variants, indicating a potential autosomal recessive inheritance
pattern related to early-onset obesity.

3. Discussion

This case report presents the clinical and genetic findings of an 18-year-old female
patient with early-onset obesity and co-occurring disorders such as treatment-
resistant. What is significant about this case is how these genes could play a role
in mutations of the leptin receptor gene (LEPR) and Bardet-Biedl syndrome 9
(BBS9) and how it could be related to the patient's obesity and accompanying
comorbidities [7-8, 9].

The LEPR gene variant identified in this patient is a heterozygous sequence
variant (c.658GA), resulting in the amino acid substitution p.Val220lle. Leptin, a
hormone primarily released by adipose tissue, is crucial in regulating energy
balance and body weight by acting on its receptor, encoded by the LEPR gene
[10-11]. Mutations in this variant leading to loss of function or resistance has been
reported in the heterozygous state in an individual with severe obesity [12], and
this variant is reported in 0.13% of alleles in individuals of African descent in
GnomAD. Although we suspect that this variant may be benign, at this time, the
clinical significance of this variant is uncertain due to the absence of conclusive
functional and genetic evidence. Pathogenic variants in LEPR are associated with
autosomal recessive obesity and hypogonadotropic hypogonadism due to leptin
receptor deficiency [13-14]. For instance, genetic variations of the LEPR gene
have been described in Puerto Rican children of Hispanic descent, as is the case
with our patient [15].

Emerging research supports the function of leptin and its receptor in controlling
energy balance and body weight, even though other genetic and environmental
factors contribute to its development [5]. Leptin is primarily released by adipose
tissue and circulates in the bloodstream, passing the blood-brain barrier (BBB)
and acting in the brain. When leptin binds to its receptor, signaling pathways
involved in energy balance and body weight control are activated [11]. Several
factors (energy balance, calorie intake, adipose tissue mass, insulin levels, stress,
sleep duration and quality, etc.) regulate leptin levels, particularly acute changes
in energy intake [16]. In addition, rare genetic causes of severe early-onset obesity
with disturbed signaling and consequent leptin resistance have been previously
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reported as leptin receptor variants [7-8]. Furthermore, leptin has been previously
reported to be elevated in obesity-related sleep breathing disorders such as OSA.
Some research has shown that plasma leptin levels are increased in newly
diagnosed, otherwise healthy individuals with untreated sleep apnea, surpassing
the levels observed in similarly obese control subjects without sleep apnea [17].

Moreover, our patient carries a heterozygous sequence variant (c.396GC) in the
BBS9 gene, which has been reported in a family where individuals presented with
Bardet-Biedl syndrome (BBS) [18]. BBS is a rare autosomal recessive ciliopathy
characterized by retinal dystrophy, obesity, post-axial polydactyly, renal
dysfunction, learning difficulties, and hypogonadism [19]. Although two
additional variants in BBS1 were identified, the study did not provide segregation
data to support their pathogenicity [20]. This variant is reported in 0.042% of
alleles in individuals of Latino descent in gnomAD. In general, heterozygous
carriers of pathogenic variants of autosomal recessive diseases present
asymptomatic. The occurrence of symptomatic heterozygosity in autosomal
diseases is exceptionally uncommon and has primarily been documented through
individual case reports. However, certain extensive studies have indicated an
elevated risk for specific diseases among individuals with one copy of the mutated
gene [21]. Furthermore, BBS is characterized by notable clinical and genetic
diversity. While initially conceptualized as a purely recessive trait, recent findings
have revealed an oligogenic mode of disease transmission. In certain families,
genetic interactions between mutations at distinct BBS loci have been identified,
contributing to the causation and/or modification of the syndrome's phenotype
[22]. Although heterozygous, this patient presents with a milder phenotype
presentation of BBS. It has been demonstrated that a wide range of Mendelian
diseases, variants traditionally considered to be recessive can cause milder
phenotypes in heterozygous carriers [21].

The co-occurrence of genetic variants associated with obesity in this patient
suggests a synergistic effect that can be clinically observed. Previous studies have
demonstrated that certain individuals carry heterozygous mutations in multiple
genes associated with interconnected biological pathways. Individually, each
mutation's heterozygosity holds no clinical significance. However, when present
concurrently, the heterozygosity exhibits synergy, leading to clinically relevant
biochemical abnormalities. This concept of "synergistic heterozygosity" proves
valuable in understanding complex phenotypes, such as seen in our patient [23].

Genetic testing was also done on the patient's parents to evaluate the inheritance
pattern of the discovered variations. The LEPR and BBS9 mutations found in the
patient's father are indicative of an autosomal dominant or autosomal recessive
inheritance pattern. The patient's mother, on the other hand, did not carry any of
the detected variations yet still had an elevated leptin level, indicating that she
may have developed leptin resistance without any genetic mutation. Leptin
resistance is defined as the failure of leptin to promote anticipated salutary
metabolic outcomes in states of over-nutrition or obesity [24]. This phenomenon
has been described to be induced by multiple conditions. In general, leptin
resistance can be classified based on different etiologies; like high fat diet (HFD)
induced leptin resistance, inflammation induced leptin resistance,
pregnancy/lactation induced leptin resistance, etc. [25]. With these findings, it can
be inferred that the patient's obesity may have a paternal genetic component, as
well as an environmental component.

Sleep breathing disorders associated with obesity, such as OSA, result in
intermittent hypoxia during sleep, a potent inducer of oxidative stress. Elevated
levels of leptin and the development of leptin resistance might enhance the
production of reactive oxygen species, accelerating oxidative stress and fostering
inflammation. Consequently, some studies have suggested a potential connection
between leptin and oxidative stress in the development of sleep-breathing
disorders [25]. Our patient presented with a treatment-resistant OSA, which could
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be explained by multifactorial genetic and environmental components that have
led her to chronically elevated leptin levels and obesity.

This case report emphasizes the value of genetic research in figuring out the root
causes of obesity and its comorbidities, especially in cases of early-onset obesity
and co-occurring disorders such as OSA. The discovery of genetic variations in
the LEPR and BBS9 genes offers crucial new information on putative mechanisms
underlying the clinically presentable phenotype of the patient. These variations'
precise clinical significance and impact on the patient's condition are still
unknown. It is necessary to conduct more research, including functional
investigations and extensive genetic analysis, to clarify the genotype-phenotype
relationship and provide individualized treatment plans for people with obesity
and related comorbidities.

4. Conclusions

Leptin dysregulation has been associated with an increased predisposition to
obesity, which could lead to sleep-related disorders, such as OSA. What is novel
about our case is that our patient has a LEPR gene heterozygous variant, leading
to an increase in leptin levels, greater increase in metabolic dysregulation and
increased body weight; thus, worsening her OSA. At the same time, research has
shown that conditions such as OSA also increase leptin levels, which could
worsen her OSA and prognosis. Further research is needed to assess LEPR and its
role in OSA, especially in Hispanic populations, where research is limited.
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Appendix 1. Polysomnography Report with Sleep Architecture, Arousals, and Respiratory Events

Time Scale
Time fopM P 1AM 1AM M M M s
Hrs 0 1 2 3 4 5 6 7 8
Epoch 1 121 241 361 481 601 721 841 %61
9:0219 PM 50219 AM
Hypnogram ) , ) )
R 1
wW : : :
v imm
N2 : : :
N3 : H
Body Position Graph
Eii \
FU\
Arousal Graph

Limb Movements Graph

H0

Respiratory Event Graph

CnA +3|

Ob.A *5|

Mx.A *5|

Hyp +5Lnu 1 ey m

Uns +5|

RERA *5)

CPAP/BiPAP/02 Graph
5 0000 00000000000000009000000m Peeses00ree Pee0e e Pestesresestestiesessstestes Petect oemiePetend s0see et et s tesses e es Petsessetessetred etessessetessseretsetred e ted et tede Fesset betes tetredtetessesressesesetses sl sesed reesetses
0] 2]

— IPAP — EPAP —Q

Sa02 Min/Max
100

SpO2

Time Scale
e Time: Shows the hour of the night (10 PM to 5 AM).
e  Hrs: Number of hours since the start of the recording.
e Epoch: Consecutive time intervals since the start of the recording.

Hypnogram
e R:REM sleep.
e W: Wake.

e NI1: Non-REM stage 1 sleep.
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e N2: Non-REM stage 2 sleep.
e N3: Non-REM stage 3 sleep.
Body Position Graph
e B:Back.
e L: Left side.
e R: Rightside.
e F: Face down.
e U: Unknown position.
Arousal Graph
e Vertical lines: Indicate arousal events during sleep.
Limb Movements Graph
e  +10: Indicates the occurrence of limb movements.
Respiratory Event Graph
e Cn.A: Central Apneas.
Ob.A: Obstructive Apneas.
Mx.A: Mixed Apneas.
Hyp: Hypopneas.
Uns: Unspecified events.
RERA: Respiratory Effort-Related Arousals.
CPAP/BiPAP/O2 Graph
e IPAP: Inspiratory Positive Airway Pressure.
e EPAP: Expiratory Positive Airway Pressure.
e 02: Oxygen levels.
Sa02 Min/Max

e SpO2: Blood oxygen saturation levels (ranging from 50% to 100%).
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