
259

doi: 10.2169/internalmedicine.1051-18

Intern Med 58: 259-262, 2019

http://internmed.jp

【 CASE REPORT 】

Type 1 Diabetes Mellitus and Klinefelter Syndrome

Teruaki Sakurai 1, Katsumi Iizuka 1,2, Takehiro Kato 1 and Jun Takeda 1

Abstract:
A 60-year-old male patient with type 1 diabetes mellitus (T1DM) was admitted for glycemic control. The

patient exhibited abdominal adiposity, osteoporosis, and high insulin requirement (>100 U), and we suspected

hypogonadism. A physical examination revealed small testes and thin pubic hair, laboratory examination

found high luteinizing hormone (LH) and follicle stimulating hormone (FSH) levels and low testosterone lev-

els, and a chromosome analysis (47, XXY) indicated hypogonadism due to Klinefelter syndrome (KS). KS is

associated with autoimmune diseases and patients positive for diabetes related auto-antibodies. In male pa-

tients with T1DM and abdominal adiposity, the concurrence of KS should be taken into consideration.
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Introduction

Klinefelter syndrome (KS) is the most common chromo-

somal aneuploidy affecting males (1:650 newborn males)

and is defined by the 47, XXY karyotype (1). This syn-

drome is characterized by hypogonadism, gynecomastia and

azoospermia (1). Patients with KS may show abdominal

obesity and the prevalence of metabolic syndrome (MS) in

KS patients is up to 44% (1, 2), which leads to an increased

incidence of type 2 diabetes mellitus (T2DM) (1, 2). The

concurrence of KS and autoimmune diseases such as type 1

diabetes mellitus (T1DM) is known (3). However, cases of

KS and T1DM are rarely reported because the concurrence

of KS with T1DM is often overlooked (4). We report a case

of KS in a patient previously diagnosed with T1DM.

Case Report

A 60-year-old man with a history of T1DM was admitted

to our hospital for the purpose of glycemic control. His

body weight was 48 kg at 20 years of age and increased to

88 kg at 32 years of age. At 39 years of age, he experienced

polydipsia, polyuria and body weight loss (10 kg/year). He

was diagnosed with type 1 diabetes mellitus and intensive

insulin therapy was initiated. His glycemic levels were as

high as 8%, and he had a very high insulin (>100 U) re-

quirement. He had been married for 30 years, but had no

children. A physical examination revealed that his height

was 170 cm, his body weight was 63.2 kg, and his body

mass index was 21.8 kg/m2. His body pressure (BP) was

145/59 mmHg [on telmisartan (20 mg)]. His waist circum-

ference was 88 cm and his abdomen was distended. The pa-

tient had micro testes and thin pubic hair, but his penis was

within the normal size range and gynecomastia was not ob-

served. Other systemic examinations revealed no changes. A

laboratory examination revealed that his circulating luteiniz-

ing hormone (LH) [19.71 (0.79-5.72 mIU/mL)] and follicle

stimulating hormone (FSH) [27.5 (2.00-8.30 mIU/mL)] lev-

els were elevated and that his total testosterone level [0.74

(2.71-7.61 ng/mL)] was reduced (Table). The intramuscular

administration of a total of 15,000 U of human chorionic

gonadotropin over 3 days produced no increase in circulat-

ing testosterone levels (Table), suggesting primary hypogo-

nadism (5). Abdominal CT showed bilateral testicular atro-

phy, a renal stone, and subcutaneous abdominal adiposity

(Fig. 1A-C). A chromosome analysis indicated the 47, XXY

chromosome karyotype and he was diagnosed with KS

(Fig. 2). KS is known to be associated with osteoporosis (1).

The examination of his bone mineral density [T score -3.3,

62% of young adult mean (YAM)] revealed osteoporosis and

risedronate was administered monthly (75 mg/month).
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Table.　Labolatory Findings at Diagnosis.

Urinalysis Metabolism

Protein - A1c 9.8 (4.9-6.2) %

Glucose 4+ Glucose 247 mg/dL

Hb - C-peptide <0.01 (0.61-2.09) ng/mL

Ketone body 2+ Urinary C-peptide undetectable

Blood

WCC 6.1 (3.3-8.6) ×103/μL Anti-GAD Ab 19.8 U/mL

RBC 3.97 (4.35-5.55) ×106/μL Anti-IA-2 Ab <0.4 (<0.4) U/mL

Hb 13.5 (13.7-16.8) g/dL Anti-Insulin Ab 16.8 (<0.4) U/mL

Ht 40 (40.7-50.1) %

MCV 100.8 (83.6-98.2) fL LDLc 88 (65-140) mg/dL

MCHC 33.8 (31.7-35.3) % TG 86 (40-150) mg/dL

Plt 32.4 (15.8-34.8) ×104/μL HDLc 96 (40-90) mg/dL

Biochemistry Hormones

TP 7.2 (6.6-8.1) g/dL GH 0.98 ng/mL

Alb 4.5 (4.1-5.1) g/dL IGF-1 80 ng/mL

AST 23 (13-30) U/L PRL 8.63 (3.58-12.78) ng/mL

ALT 20 (10-42) U/L ACTH 66.0 (7.2-63.3) pg/mL

ALP 376 (106-322) IU/L Cortisol 16.9 (6.24-18.0) μg/dL

γGTP 98 (13-64) U/L DHEA-S 128 (38-313) μg/dL

LDH 171 (124-222) U/L 11-OH Corticosteroid 22.9 (7.0-23.0) μg/dL

CK 129 (59-248) U/L TSH 0.82 (0.35-4.94) μIU/mL

Cre 0.45 (0.65-1.07) mg/dL FT4 1.48 (0.70-14.8) ng/dL

BUN 15.1 (8.0-20.0) mg/dL FT3 3.09 (1.71-3.71) pg/mL

UA 2.8 (3.7-7.0) mg/dL LH 19.30 (0.79-5.72) mIU/mL

Na 138 (138-145) mEq/L FSH 27.41 (2.00-8.30) mIU/mL

K 5.0 (3.6-4.8) mEq/L Testosterone 0.45 (2.07-7.61) ng/mL

Cl 105 (101-108) mEq/L Human Chorionic Gonadotropin loading Test (15,000 Units/3 days)

Ca 10.1 (8.8-10.1) mg/dL LH (pre/day4) 19.71/21.46 mIU/mL

Pi 3.6 (2.7-4.6) mg/dL FSH (pre/day4) 27.5/34.39 mIU/mL

Testosterone (pre/day4) 0.74/0.96 ng/mL

As typical with T1DM, the patient was positive for anti-

glutamic acid decarboxylase(GAD) (19.8 U/mL) and anti-

insulin [16.8 U/mL (<0.4)] antibodies and negative for anti-

IA-2 antibodies (<0.4 U/mL) (Table). His plasma and uri-

nary C-peptide levels were undetectable. He displayed sim-

ple diabetic retinopathy and normoalbuminuria (urinary al-

bumin: 27 mg/day). His thyroid function was within the nor-

mal range (Table). The patient’s adrenal function was also

normal [ACTH 66.0 (7.2-63.3) pg/mL and his cortisol level

was 16.9 (6.24-18.0) μg/dL]. After titration of the insulin

dosage, the patient’s fasting plasma glucose level was ap-

proximately 120 mg/dL with 40 U insulin. Dyslipidemia

was controlled (LDLc 88 mg/dL) by pitavastatin (Table).

Discussion

In this case report, we predicted hypogonadism in the KS

patient based on his abdominal adiposity and the require-

ment of >100 U insulin. Low serum testosterone levels are a

predictor of increased visceral fat in Japanese-American

men (6). Moreover, KS patients exhibit the phenotypes of

insulin resistance and hyperinsulinemia (7). Epidemiological

studies have demonstrated a 5-fold higher prevalence of MS

among KS males in comparison to age-matched controls (1).

Abdominal adiposity in KS causes insulin resistance and hy-

perinsulinemia, resulting in the increased incidence of

T2DM and cardiovascular diseases (1). Among 895 Japanese

KS patients, 61 were diagnosed with diabetes mellitus and

at least 20 were treated with insulin (8). In the current case,

the patient displayed abdominal adiposity and insulin resis-

tance, and was insulin deficient due to T1DM. Thus, the ab-

normal fat distribution and the requirement of a high insulin

titer may provide diagnostic indicators of the coexistence of

hypogonadism.

The association between KS and autoimmune syndrome

has been previously reported. A retrospective study demon-

strated that KS was associated with a significantly increased

risk of Addison’s disease (RR 11.7), T1DM (RR 6.1),

Sjögren’s syndrome (RR 19.3) and systemic lupus erythema-

tosus (RR 18.1) in comparison to controls (3). Interestingly,

the majority of the above conditions are more frequently ob-

served in females. Moreover, some groups have shown that

testosterone replacement for hypogonadism is associated

with reduced levels of inflammatory markers C-reactive pro-

tein (CRP), interleukin-1β (IL-1β) and tumor necrosis

factor-α (TNFα) (9). This suggested that hypogonadism due
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Figure　1.　An X-ray CT image at the position of the omphalic part (A), the right testis (B), and the 
left testis (C).

Figure　2.　Chromosome analysis of the present patient. A 
chromosome analysis indicated the 47, XXY chromosome 
karyotype. Based on this finding, he was diagnosed with KS.

to KS might cause autoimmune syndrome; however, the pre-

cise mechanism remains unclear.

Some studies have reported that the positive detection of

diabetes-related autoantibodies is much higher in KS pa-

tients than in healthy males (8.2% vs. 0.01%, respectively;

p=0.016) (10). In a Danish study, out of 832 patients with

KS, 15 had T1DM (11). In contrast, among 260 patients di-

agnosed with T1DM, five patients (1.9%) had KS, which

was higher than the incidence in the normal population (12).

There is no established causal link between KS and T1DM.

However, considering the possibility that insulin resistance

may promote beta cell destruction, the clinical examination

of KS patients should include testing for the presence of

diabetes-related antibodies, and further follow-up may be

needed for autoantibody-positive KS patients.

The coexistence of insulin deficiency and insulin resis-

tance in this KS patient made it difficult to obtain glycemic

control. Some groups reported that testosterone replacement

therapy (TRT) was beneficial for treating insulin resistance

and dyslipidemia in T2DM (13). Thus, TRT may reduce the

level of administered insulin. However, in patients with KS,

TRT was not as effective-with regard to improving body

proportions and bone mineral density-in 46, XY hypogo-

nadal males (14). In addition, TRT may increase the risk of

prostate cancer (15). Thus, we did not administer TRT to

this patient. One study reported that pioglitazone was effec-

tive in a patient with KS and T2DM (8). In addition, thia-

zolidines may reduce the insulin requirement in T1DM (16).

In the current KS patient, such treatments may be beneficial

for at least reducing the insulin requirement.

In this report, the bone mineral density of the KS patient

was much lower than that of normal healthy subjects (1). A

recent study found that the proportion of KS patients with

osteopenia and/or osteoporosis was 42.5% (1, 17). Another

study reported that the oral administration of alendronate

(10 mg) significantly increased spine, hip, and total body
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bone mineral density, and reduced the incidence of vertebral

fractures in men with osteoporosis, 36% of whom were hy-

pogonadal (18). It was also reported that KS patients were

particularly prone to 25OH-vitamin D fluctuation, and that

they presented with insufficient levels more frequently than

controls. Although we did not measure 25 OH-vitamin D

because of health insurance limitations, vitamin D supple-

mentation may be beneficial (19).

In conclusion, we reported a case of combined T1DM and

KS. In male patients displaying abdominal adiposity and an

excessive insulin requirement with type 1 diabetes mellitus,

it is possible that conditions associated with hypogonadism,

such as KS, may be overlooked. However, KS is not a rare

disease and approximately 70% of men with KS may re-

main undiagnosed. There is no universal guideline regarding

the follow-up of KS patients; however, we will continue to

counsel this patient with respect to the increased incidence

of malignancies, such as breast and hematological can-

cers (20, 21), bone fracture, and cardiovascular dis-

eases (22), and continue to control his glycemic level.

The authors state that they have no Conflict of Interest (COI).

References

1. Kanakis GA, Nieschlag E: Klinefelter syndrome: more than hypo-

gonadism. Metabolism, 2018 (Epub ahead of print).

2. Bojesen A, Kristensen K, Birkebaek NH, et al. The metabolic syn-

drome is frequent in Klinefelter’s syndrome and is associated with

abdominal obesity and hypogonadism. Diabetes Care 29: 1591-

1598, 2006.

3. Seminog OO, Seminog AB, Yeates D, Goldacre MJ. Associations

between Klinefelter’s syndrome and autoimmune diseases: English

national record linkage studies. Autoimmunity 48: 125-128, 2015.

4. Cai XP, Zhao L, Mao M, Yang ZJ, Xing XY, Li GW. A case of

Klinefelter’s syndrome with type 1 diabetes mellitus. Chin Med J

(Engl) 125: 937-940, 2012.

5. Kolon TF, Miller OF. Comparison of single versus multiple dose

regimens for the human chorionic gonadotropin stimulatory test. J

Urol 166: 1451-1454, 2001.

6. Tsai EC, Boyko EJ, Leonetti DL, Fujimoto WY. Low serum tes-

tosterone level as a predictor of increased visceral fat in Japanese-

American men. Int J Obes Relat Metab Disord 24: 485-491, 2000.

7. Pei D, Sheu WH, Jeng CY, Liao WK, Fuh MM. Insulin resistance

in patients with Klinefelter’s syndrome and idiopathic gonadotro-

pin deficiency. J Formos Med Assoc 97: 534-540, 1998.

8. Ota K, Suehiro T, Ikeda Y, Arii K, Kumon Y, Hashimoto K. Dia-

betes mellitus associated with Klinefelter’s syndrome: a case re-

port and review in Japan. Intern Med 41: 842-847, 2002.

9. Malkin CJ, Pugh PJ, Jones RD, Kapoor D, Channer KS, Jones

TH. The effect of testosterone replacement on endogenous inflam-

matory cytokines and lipid profiles in hypogonadal men. J Clin

Endocrinol Metab 89: 3313-3318, 2004.

10. Panimolle F, Tiberti C, Granato S, et al. Screening of endocrine

organ-specific humoral autoimmunity in 47, XXY Klinefelter’s

syndrome reveals a significant increase in diabetes-specific im-

munoreactivity in comparison with healthy control men. Endocrine

52: 157-164, 2016.

11. Bojesen A, Juul S, Birkebaek NH, Gravholt CH. Morbidity in

Klinefelter syndrome: a Danish register study based on hospital

discharge diagnoses. J Clin Endocrinol Metab 91: 1254-1260,

2006.

12. Kota SK, Meher LK, Jammula S, Kota SK, Modi KD. Clinical

profile of coexisting conditions in type 1 diabetes mellitus pa-

tients. Diabetes Metab Syndr 6: 70-76, 2012.

13. Jones TH, Arver S, Behre HM, et al. Testosterone replacement in

hypogonadal men with type 2 diabetes and/or metabolic syndrome

(the TIMES2 Study). Diabetes Care 34: 828-837, 2011.

14. Kübler A, Schulz G, Cordes U, Beyer J, Krause U. The influence

of testosterone substitution on bone mineral density in patients

with Klinefelter’s syndrome. Exp Clin Endocrinol Diabetes 100:

129-132, 1992.

15. Muller RL, Gerber L, Moreira DM, Andriole G,

Castro-Santamaria R, Freedland SJ. Serum testosterone and dihy-

drotestosterone and prostate cancer risk in the placebo arm of the

Reduction by Dutasteride of Prostate Cancer Events trial. Eur Urol

62: 757-764, 2012.

16. Bhat R, Bhansali A, Bhadada S, Sialy R. Effect of pioglitazone

therapy in lean type 1 diabetes mellitus. Diabetes Res Clin Pract

78: 349-354, 2007.

17. Ferlin A, Schipilliti M, Vinanzi C, et al. Bone mass in subjects

with Klinefelter syndrome: role of testosterone levelsand androgen

receptor gene CAG polymorphism. J Clin Endocrinol Metab 96: E

739-E745, 2011.

18. Drake WM, Kendler DL, Rosen CJ, Orwoll ES. An investigation

of the predictors of bone mineral density and response to therapy

with alendronate in osteoporotic men. J Clin Endocrinol Metab

88: 5759-5765, 2003.

19. Ferlin A, Selice R, Di Mambro A, et al. Role of vitamin D levels

and vitamin D supplementation on bone mineral density in Kline-

felter syndrome. Osteoporos Int 26: 2193-2202, 2015.

20. Brinton LA. Breast cancer risk among patients with Klinefelter

syndrome. Acta Paediatr 100: 814-818, 2011.

21. Ji J, Zöller B, Sundquist J, Sundquist K. Risk of solid tumors and

hematological malignancy in persons with Turner and Klinefelter

syndromes: a national cohort study. Int J Cancer 139: 754-758,

2016.

22. Price WH, Clayton JF, Wilson J, Collyer S, De Mey R. Causes of

death in X chromatin positive males (Klinefelter’s syndrome). J

Epidemiol Community Health 39: 330-336, 1985.

The Internal Medicine is an Open Access journal distributed under the Creative

Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. To

view the details of this license, please visit (https://creativecommons.org/licenses/

by-nc-nd/4.0/).

Ⓒ 2019 The Japanese Society of Internal Medicine

Intern Med 58: 259-262, 2019


