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The Development of Repeated Severe Hypothermia in a
House in a Type 2 Diabetic Patient Complicated
With Klinefelter’'s Syndrome

Yoshinori Masui?, Hidetaka Hamasaki?, Akahito Sako®®°, Sumie Moriyama?, Reo Yoshikawa?,
Hiroki Adachi?, Shuichi Mishima?, Hidekatsu Yanai® ®¢

Abstract

Hypothermia is a condition in which body core temperature de-
creased below the temperature for normal physio-biochemical
functions, which is defined as 35.0 °C. We experienced a male pa-
tient with type 2 diabetes and schizophrenia who developed severe
hypothermia twice in his house, and we found that he has Kline-
felter’s syndrome. To our knowledge, this is the first to report the
association between hypothermia and Klinefelter’s syndrome. We
discuss a possible association between low testosterone level and a
single extra copy of the X chromosome in Klinefelter’s syndrome
and the development of type 2 diabetes, schizophrenia and hypo-
thermia.
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Introduction

Hypothermia is a condition in which body core temperature
decreased below the temperature for normal physiologi-
cal and biochemical functions, which is defined as 35.0 °C.
Body temperature is usually maintained near 37.0 °C by ho-
meostasis or thermoregulation. We experienced a man with
type 2 diabetes and schizophrenia who developed severe hy-
pothermia twice in his house. As a result of examination of
the etiology for repeated development of hypothermia, we
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found that he has primary hypogonadism, Klinefelter’s syn-
drome. To our knowledge, the association between Kline-
felter’s syndrome and hypothermia has not ever been dis-
cussed anywhere. Here, we will also discuss the association
of Klinefelter’s syndrome to the development of type 2 dia-
betes, schizophrenia and hypothermia.

Case Report

A 60-year-old man developed schizophrenia and type 2 dia-
betes in 1985 and 2004, respectively. His diabetes has been
treated by dietary therapy and a-glucosidase inhibitor, migli-
tol (150 mg/day), and his recent glycemic control has been
very well (HbAlc 5.7%). In December, 2005, he slept on
the floor in his house, and he developed severe hypothermia
(rectal temperature, 29 °C) and paralytic ileus due to hypo-
thermia. In January, 2012, he again slept on the floor in his
house, and his mother noticed and warmed him by an electri-
cal blanket to prevent hypothermia, however, he developed
consciousness disturbance and admitted to our hospital. On
the admission, his rectal temperature was 31.8 °C, and heart
rate (44/min) and respiratory rare (12/min) were decreased.
Blood gas analysis revealed hypercapnia (PaCO2, 62.0
mmHg) due to hypoventilation. Laboratory data showed el-
evated serum levels of aspartate aminotransferase (214 U/L;
normal range, 10 - 40 U/L) and alanine aminotransferase
(329 U/L; normal range 5 - 40 U/L). Plasma glucose level in-
creased to 304 mg/dL, denying the existence of hypothermia
due to hypoglycemia. An electrocaridogram showed Osborn
waves which are observed in people suffering from hypo-
thermia with a temperature of less than 32 °C (Fig. 1) [1].
Active internal re-warming promptly ameliorated his con-
sciousness, hear rate, respiration and liver function.

To reveal the etiology of his hypothermia, we performed
endocrinological examinations. Diabetic retinopathy and
neuropathy were not observed, and also proteinuria due to
diabetic nephropathy was not detected. Serum levels of thy-
roid stimulating hormone, thyroid hormones and cortisol
were within normal range. Blood levels of luteinizing hor-
mone (11.82 mU/mL; normal range, 0.79 - 5.72 mU/mL) and
follicle-stimulating hormone (19.64 mU/mL; normal range,
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Figure 1. An electrocardiogram of the patient. Arrows indicate Osborn waves.

2.0 - 8.3 mU/mL) were significantly elevated, suggesting the
existence of primary hypogonadism. Ultrasound revealed
remarkable atrophy of testicles (right testicle 2.2 cm; left
testicle 1.7 cm; normal range 4 - 5 cm) (Fig. 2), and serum
testosterone level (0.46 ng/mL; normal range, 1.31 - 8.7 ng/
mL) was very low, confirming the diagnosis of primary hy-
pogonadism. Chromosomal examination revealed the pres-
ence of a single extra copy of the X chromosome, and he
has been finally diagnosed as having Klinefelter’s syndrome.

Discussion

Hypothermia has been reported to be a frequent sign of se-
vere hypoglycemia in patients with diabetes [2], however,
hypoglycemia was not observed in our patient, and severe
diabetic neuropathy including autonomic nervous system

Figure 2. Ultrasound of bilateral testes.
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disturbance was not also found in our patients. Subcutaneous
injection of §-hydroxy-2-(di-n-propylamino) tetralin (8-OH-
DPAT), serotonin 1A receptor agonist, has been reported to
cause hypothermia in mice [3]. The hypothermic effect of
serotonin 1A receptor agonist was stronger in female than
in male mice [3]. The hypothermic effect of serotonin 1A
receptor agonist was blocked by simultaneous administra-
tion of testosterone in the ovariectomized mice, and was en-
hanced by castration in male mice [3]. These results suggest
a significant influence of gonadal hormones on serotonin 1A
receptor agonist-mediated hypothermic effect. In another
study, the fall in body temperature induced by rivastigmine,
a pseudo-reversible carbamate inhibitor, was compared in
male and female mice [4]. Testosterone decreased the tem-
perature reduction induced by rivastigmine in gonadect-
omised male and female mice [4]. In also our patient, serum
low level of testosterone due to Klinefelter’s syndrome may
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be associated with the development of severe hypothermia.
Although further studies and accumulation of the same cases
are needed, to our knowledge, this is the first to report the as-
sociation between hypothermia and Klinefelter’s syndrome.

Recent studies suggested an increased risk of diabetes
with accumulation of body fat and decreased muscle mass
and a decrease in insulin sensitivity and oxygen consump-
tion capacity in patients with Klinefelter’s syndrome [5].
Further, prospective studies in normal male populations
suggest that low serum levels of testosterone can predict
future development of abdominal adiposity, the metabolic
syndrome and type 2 diabetes [6-9]. Low serum testoster-
one level due to Klinefelter’s syndrome may also be associ-
ated with the development of type 2 diabetes in our patient.
However, the underlying mechanism for the development
of abdominal adiposity and type 2 diabetes due to low se-
rum testosterone levels remains unknown. We speculate that
testosterone-mediated thermogenesis/thermoregulation may
be associated with the development of abdominal adiposity
and type 2 diabetes.

High levels of schizophrenia-spectrum pathology have
been observed in 32 men with Klinefelter’s syndrome in
comparison with 26 healthy controls, suggesting that the X
chromosome may be involved in the development of schizo-
phrenia [10]. X chromosome has been also reported to affect
social cognitive processing and emotion regulation which
are impaired in schizophrenia [11]. Klinefelter’s syndrome
may be associated with the development of schizophrenia in
our patient.

Conclusion

To our knowledge, we report the first case with severe hy-
pothermia possibly due to Klinefelter’s syndrome. Low tes-
tosterone level and a single extra copy of the X chromosome
may be associated with the development of type 2 diabetes,
schizophrenia and hypothermia.
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