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Abstract

Background
Turner syndrome (TS) is a sex chromosome disorder caused by X-chromosome abnormalities, with
gonadal dysgenesis, short stature, and clinical heterogeneity. With improved survival rates, adult patients
with TS increasingly face a heightened risk of metabolic comorbidities, including insulin resistance and
its progression to type 2 diabetes mellitus (T2DM), as well as hypertension and metabolic dysfunction-
associated steatotic liver disease (MASLD). However, the interactive mechanisms among these
metabolic abnormalities and their early warning signs for progression remain insufficiently explored.
This study aims to report a TS case with multiple metabolic complications and analyze the clinical
significance of associated cardiac manifestations.

Case presentation
A 30-year-old female TS patient presented with multiple comorbidities. Persistent sinus tachycardia
occurred after the initiation of hormone replacement therapy (HRT). Metabolic assessments revealed
significant insulin resistance, which was correlated with the development of MASLD and hyperlipidemia.
We proposed a metabolic interaction network model to explain the interconnections among these
abnormalities and identified sinus tachycardia as a potential early warning signal of metabolic
deterioration.

Conclusions
This case highlights the intricate interactions of metabolic abnormalities in TS patients and suggests
sinus tachycardia as an early indicator of worsening metabolic disorders. A multidimensional and
multidisciplinary management strategy is essential for TS patients with complex metabolic and cardiac
comorbidities. Future research should further validate the metabolic interaction network model and
explore the diagnostic value of electrocardiographic changes such as sinus tachycardia in the early
intervention of TS-related metabolic and cardiovascular complications.

Background
Turner Syndrome (TS) is a common sex chromosome disorder characterized by the complete or partial
absence of one X chromosome, with an incidence of approximately 1 in 2000 to 1 in 2500 live female
births1,2. As a multisystem disorder, TS is associated with a wide range of clinical manifestations,
including short stature, gonadal insufficiency, congenital heart defects, and various metabolic
abnormalities, which collectively impose significant physical and psychological burdens on affected
individuals3. While early growth hormone therapy and standardized hormone replacement therapy (HRT)
for its classic features (e.g., short stature, gonadal insufficiency) have significantly improved patient

Page 2/12



survival, leading to a near-normal life expectancy, the consequent high prevalence of metabolic
syndrome has emerged as a central clinical challenge affecting long-term prognosis2,4. Current
understanding and management of metabolic comorbidities in TS are hampered by significant,
interrelated gaps. While X-chromosome abnormalities and estrogen deficiency are recognized as key
etiological factors for distinct conditions like insulin resistance, fatty liver, and hyperlipidemia, the
overarching systemic network and principal drivers that link these disorders into a coherent clinical
phenotype remain poorly defined5. X-chromosome abnormalities cause the loss or dysfunction of
multiple genes involved in metabolic regulation, and long-term estrogen deficiency resulting from
gonadal insufficiency disrupts metabolic pathway balance, jointly increasing the risk of various
metabolic disorders6. This mechanistic uncertainty is exacerbated by a scarcity of proactive clinical
tools, since current research prioritizes manifest complications over validated early-warning indicators
(Fig. 1).

Existing studies have mainly focused on individual metabolic disorders, but the overarching systemic
metabolic interaction network that links these disorders into a coherent clinical phenotype remains
poorly defined. Notably, cardiac autonomic nerves play a crucial role in regulating systemic metabolism
and hemodynamic stability, and their dysfunction may be an important node in the metabolic interaction
network of TS7. Cardiac autonomic nerve injury can disrupt the regulation of glucose and lipid
metabolism, promote insulin resistance, and accelerate the progression of metabolic syndrome8,9. More
importantly, cardiac autonomic nerve injury often manifests as observable clinical signs, which may
serve as an early "warning horn" for the progression of metabolic deterioration in TS7,10. The prior case
analysis first suggested that persistent sinus tachycardia following HRT, an important manifestation of
potential cardiac autonomic nerve dysfunction, may associate with metabolic deterioration and offer a
novel angle for identifying early warning signals11,12. The role of cardiac autonomic dysfunction within
the metabolic interaction network of TS, and the relevance of sinus tachycardia as an early marker,
remain incompletely characterized. Drawing on observations from this case, we propose an insulin
resistance–centered metabolic interaction framework and suggest sinus tachycardia as a potential early,
clinically accessible signal of metabolic deterioration in TS.

Case presentation
An 18-year-old female was admitted on January 19, 2022, with a 7-year history of menstrual irregularity
and a 4-year history of hyperglycemia. Menarche occurred at age 11, followed by secondary amenorrhea.
Physical examination data from the initial evaluation were unavailable as it was conducted at an outside
institution. In 2017 (at age 13), evaluation for amenorrhea included sex hormones, thyroid function, and
fasting insulin, with post-treatment reassessment (Fig. 2). Pelvic ultrasound showed an infantile uterus
with non-visualized ovaries, and karyotyping revealed 45, X, 9qh+ (Fig. 3), establishing the diagnosis of
Turner syndrome with subclinical hypothyroidism. Treatment with levothyroxine and estradiol
valerate/cyproterone acetate (Climen) was initiated, with levothyroxine titrated to 50 µg daily based on
follow-up results.
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In 2018 (4 years prior to admission), the patient developed systemic metabolic disturbances involving
both hepatic and glucose metabolism (Fig. 2). Liver function tests showed markedly elevated
transaminases, with viral, autoimmune, and infectious etiologies excluded. Abdominal ultrasound
demonstrated fatty liver, consistent with MASLD. Hepatoprotective therapy was initiated, and
estradiol/dydrogesterone therapy was discontinued. Concurrently, hyperglycemia was identified.
OGTT/OGIRT demonstrated marked post-load hyperglycemia with concomitant hyperinsulinemia, and
HbA1c was 8%, supporting a diagnosis of diabetes mellitus in the context of insulin resistance.
Antidiabetic therapy was initiated with partial glycemic control; however, treatment adherence was poor
after discharge. In 2020, liver function partially improved but remained abnormal, requiring ongoing
hepatoprotective therapy. At follow-up in 2025, HbA1c remained elevated (7.5%), and despite initiation of
saxagliptin, glycemic control remained suboptimal, indicating persistent glycolipid metabolic
dysregulation.

On January 19, 2022, the patient was admitted for poorly controlled diabetes. Physical examination
showed a temperature of 36.3°C, heart rate 116 bpm, respiratory rate 18 breaths/min, and blood
pressure 125/95 mmHg. She had short stature (147 cm) with Turner-related features, including a
short/webbed neck, hypertelorism, genu valgum, and underdeveloped secondary sexual characteristics.
Cardiac examination revealed tachycardia with a regular rhythm and no murmurs; other systems were
unremarkable. Laboratory and imaging findings indicated severe hyperglycemia (HbA1c 11.2%) with
hyperinsulinemia and negative diabetes-related autoantibodies, accompanied by ovarian insufficiency,
dyslipidemia, hyperuricemia, and persistent liver dysfunction, consistent with systemic glycolipid
metabolic disturbance. Electrocardiography and ambulatory monitoring showed sinus tachycardia with
reduced heart rate variability, while ambulatory blood pressure monitoring demonstrated elevated
diastolic pressure and disrupted circadian rhythm. Imaging revealed fatty liver, reduced bone mineral
density, and hypoplastic reproductive organs (Fig. 2). The patient was diagnosed with type 2 diabetes
mellitus, Turner syndrome (45,X), grade 1 hypertension (very high risk), sinus tachycardia, MASLD,
dyslipidemia, ovarian insufficiency, and osteopenia. Intensive insulin therapy was initiated, combined
with metformin and hepatoprotective treatment.

After discharge, the patient underwent regular follow-up with serial biochemical assessments (Fig. 2). In
the early post-discharge period (February–March 2022), liver function and lipid parameters showed
partial improvement; however, hyperglycemia persisted, requiring intensification of antidiabetic therapy.
During longer-term follow-up, glycemic control showed transient improvement (HbA1c 7.0% in January
2023) but remained unstable thereafter, with recurrent deterioration (up to 12.2% in December 2023 and
10.8% in December 2025). Liver enzymes and lipid profiles exhibited a similar fluctuating pattern,
indicating sustained glycolipid metabolic dysregulation. In January 2026, cardiovascular autonomic
function testing demonstrated borderline orthostatic systolic blood pressure response and impaired
handgrip-induced blood pressure modulation, with a total Ewing score of 1.5, consistent with early or
atypical autonomic neuropathy. Concurrent lower limb arterial Doppler and ankle-brachial index (ABI)
assessment revealed normal bilateral ABI (L 1.07, R 1.17) but early evidence of increased peripheral
vascular resistance. Electrocardiography showed sinus tachycardia. Peripheral neuropathy evaluation
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was largely unremarkable except for absent ankle reflexes. Key autonomic and cardiovascular findings
are summarized in Fig. 3. In the absence of structural cardiac abnormalities, the interval emergence of
sinus tachycardia during follow-up, together with objective evidence of early autonomic dysfunction,
supports a temporal association with long-standing metabolic dysregulation, and raises the possibility
that it represents an early clinical expression within the metabolic–cardiac interaction continuum.

Discussion and conclusions
This case describes a patient with TS and a 45, X, 9qh+ karyotype who, over the disease course,
developed a spectrum of interconnected clinical phenotypes, including ovarian insufficiency, insulin
resistance, T2DM, MASLD, dyslipidemia, reduced bone mineral density, hypertension, and persistent
sinus tachycardia. Rather than representing isolated, organ-specific complications, these manifestations
evolved sequentially and in parallel, forming a coherent pattern of multi-system involvement13. Notably,
the emergence of sinus tachycardia and subsequent evidence of early autonomic dysfunction occurred
in the context of long-standing and fluctuating metabolic disturbances, in the absence of structural
cardiac abnormalities, suggesting a temporal and pathophysiological linkage between metabolic
dysregulation and cardiac autonomic alterations14,15. Current international clinical practice guidelines
emphasize that TS is a complex, lifelong, multi-system disorder extending beyond growth and gonadal
dysfunction, with cardiovascular disease as a major determinant of morbidity and mortality16,17. In this
context, the present case raises the possibility that the diverse clinical manifestations observed in TS
may be better understood within an integrated framework of metabolic–cardiac interactions.

From a pathophysiological perspective, this case reflects a progressive endocrine, metabolic continuum
driven by ovarian failure, related estrogen deficiency, in which insulin resistance acts as a central
pathogenic hub linking glucose and lipid metabolic disturbances, hepatic steatosis, and bone metabolic
impairment18. Congenital gonadal dysgenesis resulting from the X-chromosome abnormality is the
initiating link in this entire pathological chain13. Chronic estrogen deficiency not only impacts
reproductive system development but also drives metabolic disturbances by modulating insulin receptor
sensitivity and bone metabolism signaling pathways19. Insulin resistance, as a central hub, triggers TS-
related T2DM and participates in the pathogenesis of MASLD and hyperlipidemia by promoting hepatic
lipid synthesis, forming a metabolic vicious cycle20,21. The patient exhibited elevated fasting insulin
levels, progressive MASLD, T2DM, and dyslipidemia (peak triglyceride level of 35.42 mmol/L), which
typify this metabolic cycle22. Meanwhile, estrogen deficiency and insulin resistance jointly impair bone
metabolism, with the patient’s lumbar spine T-score (-1.7 to -2.1) exemplifying their combined effect,
reflecting the same metabolic-endocrine imbalance in different target organs23. At a deeper level, these
metabolic and endocrine disturbances likely represent downstream effects of X chromosome
haploinsufficiency–driven transcriptional and epigenetic dysregulation, disrupting gene networks
involved in energy metabolism, organ development, and tissue homeostasis, thereby shaping the
systemic and heterogeneous manifestations of TS24.
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In the present case, sinus tachycardia is better interpreted not as an isolated electrocardiographic
abnormality, but as a clinically relevant manifestation arising within the metabolic interaction network of
Turner syndrome. Although cardiovascular evaluation in TS has traditionally focused on congenital heart
disease, aortic pathology, and hypertension, increasing evidence indicates that autonomic dysfunction
and altered heart rate dynamics also contribute to the cardiovascular phenotype25. The coexistence of
persistent sinus tachycardia, reduced heart rate variability, documented autonomic dysfunction, T2DM,
hypertension, and MASLD in this case suggests that cardiac abnormalities in TS may reflect the
combined effects of metabolic burden and autonomic dysregulation, rather than structural abnormalities
alone. This case therefore underscores that cardiac manifestations in TS should be interpreted within a
systemic metabolic interaction network, providing a rationale for earlier recognition and integrated long-
term management in patients with complex multisystem involvement.
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Figure 1

Conceptual diagram.

Metabolic interaction network and cardiac abnormalities in Turner syndrome.
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Figure 2

Summary of clinical course.

A. In 2017 (age 13), evaluation for amenorrhea including sex hormones, thyroid function, and fasting
insulin, with post-treatment reassessment performed.

B. In 2018 (four years prior to admission), onset of systemic metabolic disturbances affecting hepatic
and glucose metabolism.

C. On January 19, 2022 (admission), imaging revealed fatty liver, reduced bone mineral density, and
hypoplastic reproductive organs.

D. After discharge, the patient underwent regular follow-up with serial biochemical assessments and
monitoring of metabolic parameters.
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Figure 3

Diagnostic findings and autonomic summary.

A. Pelvic ultrasound demonstrating an infantile uterus with non-visualized ovaries.

B. Karyotyping revealed 45, X, 9qh+, consistent with a diagnosis of Turner syndrome.

C. Cardiac autonomic function testing showing borderline systolic blood pressure response during
supine-to-standing and abnormal handgrip responses, with a total Ewing score of 1.5, indicative of
atypical autonomic neuropathy.

D. Lower limb arterial Doppler and ankle-brachial index (ABI) assessment showing normal bilateral ABI (L
1.07, R 1.17) with early signs of increased peripheral vascular resistance.

E. Electrocardiography demonstrating sinus tachycardia.
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