:' frontiers ‘ Frontiers in Endocrinology

@ Check for updates

OPEN ACCESS

EDITED BY

Valeria Grancini,

Fondazione IRCCS Ca’ Granda Ospedale
Maggiore Policlinico, Italy

REVIEWED BY

Francesco Carlomagno,

Sapienza University of Rome, Italy
Ramon Vargas-Vera,

University of Guayaquil, Ecuador

*CORRESPONDENCE

Yuwen Wu
zenda@126.com

Haohua Deng
denghaohual66@l163.com

RECEIVED 21 June 2025
REVISED 25 December 2025
ACCEPTED 31 December 2025
PUBLISHED 14 January 2026

CITATION

Wu Y, Deng H, Sun J and Li X (2026) Case
Report: Diabetic ketoacidosis in a patient with
Klinefelter syndrome: a rare and complex
presentation.

Front. Endocrinol. 16:1651488.

doi: 10.3389/fendo.2025.1651488

COPYRIGHT

© 2026 Wu, Deng, Sun and Li. This is an open-
access article distributed under the terms of
the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Endocrinology

PUBLISHED 14 January 2026

TYPE Case Report
Dol 10.3389/fendo.2025.1651488

Case Report: Diabetic
ketoacidosis in a patient with
Klinefelter syndrome: a rare
and complex presentation

Yuwen Wu*, Haohua Deng*, Jiazhong Sun and Xin Li

Department of Endocrinology, Zhongnan Hospital of Wuhan University, Wuhan, Hubei, China

Background: Klinefelter syndrome (KS) is a sex chromosome abnormality
disease, with a reported incidence of 0.1%-0.2%, while the prevalence of KS in
male infertility patients is about 3.1%. Patients with KS are prone to experience
metabolic abnormalities over time, such as obesity, diabetes, and metabolic
syndrome, along with sexual dysfunction.

Case presentation: This report describes a case in which diabetic ketoacidosis
(DKA) developed in an individual with KS. Specifically, the case report concerns a
29-year-old male who presented to our hospital with a 3-day history of
headache and poor appetite accompanied by a half-day of nausea and
vomiting. After excluding issues with the patient’s digestive system, DKA was
suspected, and the patient was admitted to the hospital. Upon abdominal CT, it
was noted by chance that the patient had small testicles and a small penis, and an
interview with the patient and their family revealed that he had previously been
diagnosed with Kallmann syndrome. After extra examination, including
chromosome examination, it was revealed that the patient had an extra X
chromosome (47, XXY), and Klinefelter syndrome was diagnosed.

Conclusion: This case report provides case experience that can improve
physicians’ understanding of Klinefelter syndrome, including the differential
diagnosis and treatment of the disease and its further progression, as well as
the emergence and treatment of other diseases that may occur in subsequent
developments and changes in such patients.

KEYWORDS

case report, diabetic ketoacidosis, diagnosis and treatment, hypogonadism,
Klinefelter syndrome

Introduction

Klinefelter syndrome (KS) is a sex chromosome abnormality disease, with a prevalence
of 152 per 100,000 newborn males, with about 25% of all KS males diagnosed postnatally
(1). The diagnosis of KS is often delayed due to the wide variability in its clinical
manifestations; however, it is usually characterized by small and firm testicles,
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hypergonadotropic hypogonadism (HH), and azoospermia (2, 3).
The early identification of the disorder and the timely initiation of
testosterone replacement therapy (TRT) can substantially improve
the quality of life of KS patients and prevent additional serious
consequences occurring. Low testosterone levels, such as in HH,
have been reported to be associated with reduced insulin sensitivity,
while promoting the accumulation of visceral fat, and contributing
to insulin resistance (4, 5). Individuals with KS have been reported
to have a higher incidence of metabolic disorders and autoimmune
diseases (6). This case report presents a comprehensive analysis of
the disease in a KS patient with a complication of diabetic
ketoacidosis (DKA). The paper presents real clinical experience,
which the authors hope will promote a greater understanding of KS
and support the improved diagnosis and treatment of KS. Note,
written informed consent was obtained from the patient for the
publication of potentially identifiable images and the clinical details
of their case; albeit all the images have been cropped and
anonymized to the fullest extent possible to protect the
patient’s identity.

Case presentation

A 29-year-old male presented to Zhongnan Hospital on 26 July,
2023 with a 3-day history of headache and poor appetite,
accompanied by a half-day of nausea and vomiting. The patient
reported having developed the headache without any obvious cause,
and that this was accompanied by fatigue and poor appetite. He
initially thought he had a “cold” and rested at home. However, after
experiencing nausea and vomiting, including evacuating his
stomach contents, accompanied by shortness of breath, he
decided to attend the hospital the next day. Routine physical
examination was performed at the hospital, and he exhibited the
following vital signs: temperature: 37.8 °C; heart rate: 104 BPM;
respiration: 18 BPM; blood pressure: 121/65 mmHg; blood oxygen
saturation: 98%; height: 177 cm; weight: 98 kg; and BMI: 31.3 kg/
m?. Extra emergency measurements and tests were then performed
as well as arterial blood gas analysis, revealing a pH of 7.1, plasma
glucose level of 30.2 mmol/L, and standard base excess (SBE) of
-26.9 mmol/L, with normal lipase and amylase. Considering a one-
year history of elevated fasting plasma glucose, the patient was
admitted to the emergency room for the treatment of suspected
DKA. Abdominal CT was performed to detect the source of
infection causing their symptoms and assess for pancreatitis,
which was considered a possible risk due to the extraordinary
infection indicators observed. The CT scan revealed that the
patient had a fatty liver, gallstones, small testicles, and a small
penis (Figure 1).

After admission to the Department of Endocrinology,
laboratory blood measurements revealed a ketones level of 3.72
mmol/L, HbAlc of 14.0%, uric acid of 557.8 pumol/L, total
cholesterol of 5.53 mmol/L, triglycerides of 12.72 mmol/L, and
LDL-c of 4.98 mmol/L. The IAA, GAD, ICA, anti-insulin
antibodies, thyroid functions and cortisol (8 AM) levels were all
found to be in the normal range. Urine analysis showed strong
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positive results for glucose and ketones. Following the test results,
the patient received continuous electrocardiographic monitoring,
oxygen therapy, fluid replacement, intravenous insulin infusion to
lower the blood sugar level, maintenance of the water electrolyte
balance, acid correction (sodium bicarbonate injection), and lipid-
lowering (fenofibrate) and other supportive treatments. After all the
aforementioned treatments, the headache, nausea, and vomiting the
patient had previously experienced were finally relieved, and the
patient’s ketones test was negative. Based on the patient interview,
the likely triggers for his condition were identified as a solitary
lifestyle and poor dietary control. His work in logistics contributed
to irregular eating patterns, daily consumption of sugary drinks,
and frequent prolonged outdoor exposure. Additionally, inadequate
protection against cold may result in repeated colds and infections.

During hospitalization, the patient exhibited depressive
tendencies and was reluctant to engage in conversation. Other
family members revealed that the patient had previously been
diagnosed with Kallmann syndrome at another hospital due to an
abnormal development of the external genitalia. The patient
underwent androgen therapy for several months in junior high
school, but did not persist with this treatment.

While the abdominal CT findings (small testicles and penis) and
physical examination findings (no underarm hair, gynecomastia,
immature development of external genitalia, small scrotum on both
sides, see Figure 2) gave some indications about the disease, it was
decided that more measurements were needed. The patient’s
growth hormone, thyroid hormone, and cortisol levels were tested
and found to be normal. However, testing of the sex hormones
showed some abnormalities. Also, the patient had a luteinizing
hormone (LH) level of 21.7 mIU/mL, follicle-stimulating hormone
(FSH) level of 20.30 mIU/mL, and total testosterone level of 0.33 ng/
mL (Table 1), indicating hypergonadotropic hypogonadism. The
patient denied having hyposmia or heterosmia. Next, given the
prior misdiagnosis of Kallmann syndrome, a brain MRI was
performed to rule out pituitary or hypothalamic lesions, and no
structural issues were found. Bone density measurements were also
performed and the T-scores were within the normal range—1.1 at
the lumbar spine, 0.5 at the femur, and 1.2 at the hip. He was
subsequently discharged with a plan for regular follow-up to
monitor his ongoing fracture risk.

Finally, cytogenetic analysis of 20 G-banded metaphases was
performed, and confirmed a 47, XXY karyotype in all the cells
examined, and Klinefelter syndrome (KS) was diagnosed and
formally confirmed. As treatment, supplementary androgen
therapy was recommended.

The diagnoses at discharge included Klinefelter syndrome,
diabetic ketoacidosis, hyperlipidemia, hyperuricemia, fatty liver,
and gallstones.

At 3 month follow-up, the patient weighed 99 kg with a self-
monitoring blood glucose (SMBG) level of 8-11 mmol/L and lipid
parameters in the normal range. Again the patient reiterated that he
did not wish to undergo androgen therapy despite receiving
counseling regarding the potential metabolic and systemic
benefits of testosterone replacement therapy (TRT), including an
explanation of the distinction between TRT, which can offer various
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FIGURE 1
CT scan revealing a small penis and small testicles

benefits but does not reliably restore fertility in 47,XXY individuals,
such as him, and fertility options, such as sperm retrieval and
assisted reproduction.

Discussion

Klinefelter syndrome is caused by a failure of the sex
chromosomes to separate during meiosis of the sperm or testicles
(a few cases also occur during the mitosis of fertilized testicles) (7).
It is characterized by hyalinization and fibrosis of the seminiferous
tubules (the parts responsible for sperm production) and
hypergonadotropic hypogonadism and may include various
clinical manifestations, such as increased testicular consistency,
azoospermia, gynecomastia, sexual dysfunction, and infertility, as
well as glucose and lipid metabolism disorders, obesity,
osteoporosis, decreased muscle strength, cognitive impairment,
psychological problems (8) and an increased prevalence of
pancreatic and thyroid autoimmunity issues (9, 10).

The presented case underscores the critical importance of an
early and accurate diagnosis of KS. In this case, the patient had been
misdiagnosed and inadequately treated for years, which likely
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contributed to the development of severe metabolic
complications, including DKA. The delayed diagnosis of KS
prevents the early initiation of TRT, which is known can improve
body composition, insulin sensitivity, and overall metabolic health
and could have potentially mitigated the complications that the
present patient experienced (3, 4, 11).

This patient’s case was exacerbated as he had initially been
misdiagnosed with Kallmann syndrome. Although Klinefelter
syndrome and Kallmann syndrome both show symptoms of
hypogonadism, the etiology of the diseases and the other
symptoms are dramatically different (12). To further aid clinicians
in distinguishing between these two disorders, we herein summarize
their key differential features as follows: Kallmann syndrome is
characterized by hypogonadotropic hypogonadism and frequent
olfactory deficits, whereas Klinefelter syndrome typically exhibits
hypergonadotropic hypogonadism with preserved olfactory
function. Additionally, Kallmann syndrome is a genetic disorder
that affects the hypothalamus, and is characterized by a delay or
absence of puberty and an impaired sense of smell. The
hypothalamus is responsible for releasing the gonadotropin-
releasing hormone (GnRH), which stimulates the pituitary gland
to release FSH and LH. Without GnRH, the testes or ovaries do not
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FIGURE 2

Physical examination revealing breast development (a) and a small penis (b).
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receive the signal to mature, leading to hypogonadism. Anosmia
occurs due to the underdevelopment of the olfactory bulbs. The
levels of FSH and LH (hypogonadotropic or hypergonadotropic),
combined with the lack of a sense of smell, are the key points for a
differential diagnosis between Kallmann syndrome and Klinefelter
syndrome (13).

In this case, the patient was admitted to the hospital with a
suspicion of diabetic ketoacidosis (DKA). The development of DKA
in this patient appears to be a consequence of prolonged,
undiagnosed diabetes mellitus, itself likely exacerbated by the
insulin resistance associated with chronic hypogonadism in KS.
The delayed diagnosis of KS in this patient and the consequent
absence of TRT likely contributed to poor long-term glycemic
control, ultimately culminating in acute metabolic
decompensation. The pathogenesis of the metabolic changes
associated with KS remains incompletely understood.

Frontiers in Endocrinology

Furthermore, the type and severity of diabetes in KS are not
identical, suggesting that multiple factors may be involved in the
development of diabetes in such patients. Insulin resistance may be
an important factor in diabetes development and a characteristic of
KS. Breyer et al. reported that insulin binding to erythrocytes was
reduced in KS patients without diabetes (14). Additionally,
testosterone deficiency has been recognized to have direct and
indirect impacts on the metabolism. Insulin resistance has been
consistently detected in patients with KS, with a negative correlation
reported between the plasma testosterone concentration and insulin
resistance (15). The pathophysiological link between hypogonadism
and diabetic ketoacidosis in KS may be explained by several
mechanisms, including testosterone deficiency, which is known to
promote visceral adiposity and insulin resistance, which can
exacerbate glycemic dyscontrol (3, 4). Furthermore, a low
testosterone level may impair pancreatic B-cell function and
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TABLE 1 Lab measurements and test results.

Inspection Reference
items range
WBC 7.3 4.0-10.0 1079/L
RBC 529 3.5-55 10A12/L
Hb 159 120-170 G/L
PLT 173 100-300 1079/L
glu 30.2 3.9-6.1 mmol/L
FCP 2.682 1.06-4.81 ng/mL
TC 5.53 <5.18 mmol/L
LDL-c 4.98 <3.37 mmol/L
HDL-c 0.55 >1.04 mmol/L
TG 12.72 <1.7 mmol/L
ua 557.8 208-428 pumol/L
HbAlc 14.0 4.0-6.5 %
LH 21.7 1.7-8.6 mlIU/mL
FSH 20.3 1.5-12.4 mlIU/mL
PRL 2.39 4.04-15.2 ng/mL
TT 0.33 2.49-8.36 ng/mL
E2 33.7 11.4-43.2 pg/mL
cORTISOL (8AM) 14 8.7-22.4 pg/dL
TSH 1.755 0.25-4.3 mIU/L
FT3 2.963 1.92-4.44 pg/mL
FT4 14.32 10.51-22.7 pmol/L

WBC, white blood cells; RBC, red blood cells; Hb, hemoglobin; PLT, platelets; Glu, glucose;
FCP, fasting C-peptide; TC, total cholesterol; LDL-c, low-density lipoprotein cholesterol;
HDL-c, high-density lipoprotein cholesterol; TG, triglycerides; UA, uric acid; LH, luteinizing
hormone; FSH, follicle-stimulating hormone; PRL, prolactin; TT, total testosterone; E2,
estradiol; TSH, thyroid stimulation hormone.

reduce insulin secretion (15). These metabolic disturbances,
combined with potential delays in KS diagnosis and treatment,
likely contribute to an increased risk of acute complications, such as
DKA. It is important to distinguish classic 47,XXY Klinefelter
syndrome from high-grade sex chromosome aneuploidies (e.g.,
48,XXYY; 48,XXXY; 49,XXXXY), which are now recognized as
distinct clinical entities with more complex phenotypes and higher
risks of neurodevelopmental and systemic involvement (9).

DKA is associated with a significant increase in HbAlc levels in
diabetes patients. In the present case, the patient’s HbAlc level at
admission was 14.0%, which is considered relatively high in clinical
practice. Studies have suggested that a 10.4%-16.9% HbA 1c range for
individuals with DKA is an initial manifestation of diabetes.
Furthermore, testosterone deficiency in KS patients may contribute
to poor glycemic control and insulin resistance, potentially increasing
the risk of DKA. However, due to the frequent underdiagnosis of KS,
the true prevalence of DKA in these patients remains unclear.

In the present case, the patient had previously received short-
term androgen treatment at another hospital during their junior

Frontiers in Endocrinology

10.3389/fendo.2025.1651488

high school, but the specific formulation used was not known.
Following that treatment, no significant improvement was noted.
The patient also stated that he had never experienced ejaculation,
including nocturnal emissions. Following an information review
and communication with relevant personnel, he believed that he
had lost fertility and rejected the option of undergoing TRT, despite
it being recommended to him many times due to various reasons.
The patient was reluctant to initiate TRT due to his belief that his
secondary sexual characteristics would not further develop and that
he would be unable to father healthy children, while his unstable
employment and income also caused him to have concerns about
the affordability of long-term treatment. We recommended he
undergo semen analysis and counseling to investigate his fertility
options; however, despite multiple attempts at counseling about the
benefits of TRT, he continued to decline such treatment.

We recommend semen analysis and counseling regarding
assisted reproductive options for such patients. Additionally,
patients should be encouraged to participate in counseling to
facilitate psychological adjustment, with the long-term aim of
improving their confidence in TRT to encourage their acceptance
of such therapy. Follow-up with a urology specialist should also be
arranged to evaluate the potential for partial fertility assessment.

This case suggests the need for a reframing of the association
between KS and DKA; whereby, rather than viewing KS as a potential
risk factor of DKA, it would be more accurate to consider the
syndrome as a significant predisposing context that creates a state
of heightened metabolic vulnerability. The chronic testosterone
deficiency inherent in KS promotes visceral adiposity, contributes
to insulin resistance, and may impair pancreatic B-cell function. This
underlying metabolic dysregulation, especially when compounded by
a delay in diagnosis, which frequently occurs in such patients and
which prevents the initiation of protective testosterone therapy, sets
the scene for the development of poorly controlled type 2 diabetes.
The eventual DKA episode that occurs then represents an acute
compensation based on the long-standing, unaddressed risk factors.

The primary clinical lessons of the present case study are
threefold. First, in males presenting with DKA, especially those
with an atypical phenotype, clinicians should actively consider and
screen for underlying hypogonadism, including KS. Second, once KS
is diagnosed, it must be recognized as a condition warranting
proactive and lifelong metabolic surveillance, including regular
glycemic monitoring. Finally, and most importantly, the early
introduction of TRT should be advocated, not just for its
androgen-specific effects, but as a fundamental strategy to improve
metabolic health and reduce the risk of severe diabetic complications.

Conclusion

Klinefelter syndrome should be considered in males presenting
with hypogonadism and metabolic complications such as DKA. The
differentiation between Klinefelter syndrome and Kallmann syndrome
is essential due to differences in their etiology and management. The
present case highlights that patients with Klinefelter syndrome are at
risk of developing severe metabolic complications, including diabetic
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ketoacidosis, likely exacerbated by testosterone deficiency and insulin
resistance. A timely diagnosis and consideration of TRT may not only
address the risk of hypogonadism but also improve the patients’
metabolic health and reduce the risk of acute diabetic complications.
This case underscores the need for increased clinical vigilance,
comprehensive hormonal evaluation, and multidisciplinary
management in patients with Klinefelter syndrome to prevent
serious metabolic decompensation. Furthermore, this case
underscores that effective management must address the
psychosocial barriers that may be evident in such patients, including
stigma and unrealistic expectations, and that can prevent such patients
from accepting lifelong therapy.
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