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INTRODUCTION

There exists mutual influence between 
g onada l  func t ions  and  d i abe te s. 
Hypogonadism is a risk factor for onset of  
diabetes, while diabetes is also a risk factor 
for the development of  hypogonadism. 
The features of  sex hormone level in 
diabetic patients, clinical manifestations, 
causes and treatments of  gonadal disorders 
complicated with diabetes are unclear. The 
relationship between diabetes and gonadal 
disorders will be discussed in this paper 
from the following aspects.

EFFECT OF DIABETES ON 
THE HYPOTHALAMIC–
PITUITARY–GONADAL AXIS

Effect on the hypothalamic–pituitary 
secretion of hormones
Studies have found that luteinizing hormone 
(LH), follicle stimulating hormone (FSH) and 
free testosterone (FT) in patients with type I 
diabetes were mostly within normal ranges, 
and the development of  hypogonadism 
was less frequently seen as compared with 
type II diabetes. Hypogonadism with low 

gonadotropic hormone was present in more 
than 1/3 of  the male patients with type 
II diabetes, and the study on 103 patients 
with an average duration of  7 years of  type 
II diabetes showed that LH and FSH were 
both signifi cantly reduced in patients with 
low FT as compared with those in patients 
with type II diabetes and normal FT [LH 
(3.15 ± 0.26) U/L vs. (3.91 ± 0.24) U/L, FSH 
(4.25 ± 0.45) mU/L vs. (5.53 ± 0.40) mU/L, 
both P < 0.05]; low gonadal function was 
associated with low gonadotropic hormone, 
indicating that hypogonadism occurred at 
the hypothalamic — pituitary level, which 
may be related to the effect of  insulin 
on promoting gonadotropin-releasing 
hormone (GnRH) secretion and regulating 
the hypothalamus to inhibit appetite, and 
the insulin resistance and inflammation 
mediators present in patients with type 
II diabetes may inhibit the hypothalamic 
secretion of  GnRH.[1]

Effect on the gonadal secretion of 
hormones
Patients with type I diabetes were usually 
complicated with gonadal function 
disorders. Clinical investigations have 
shown that females with type I diabetes were 

Address for Correspondence: 
Dr. Jingtao Dou,
Department of Endocrinology,
Chinese PLA General Hospital,
Beijing 100853, China.
E-mail: jingtaodou@sohu.com

Access this article online

Website: 
www.intern-med.com

DOI:  
10.4103/2224-4018.141834

Quick Response Code:

Review Article

ABSTRACT
Diabetes is closely related with the gonadal endocrine functions. On one hand, the abnormal 
glucose metabolism may affect functions of the hypothalamic–pituitary–gonadal axis, which 
in turn leads to sex hormone disorders and, subsequently, hypogonadism both in male and 
female patients; on the other hand, abnormal secretion of sex hormones is associated with 
the risk of diabetes. The common hypogonadism diseases, such as hypergonadotropic 
hypogonadism (Klinefelter syndrome, Tuner syndrome) and hypogonadotropic hypogonadism 
(Kallmann syndrome, Prader–Willi syndrome), can signifi cantly increase the prevalence of 
abnormal glucose metabolism. The exact mechanism underlying the interaction between 
gonadal diseases and diabetes remains unclear, yet it may be associated with insulin 
resistance, obesity, abnormal chromosome and abnormal secretion of sex hormone. Clinically, 
individualized treatment with considerations to both gonadal diseases and abnormal glucose 
could be advisable.
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mostly affl icted with ovarian dysfunction, characterized 
by delay of  menarche age, menstruation irregularities, 
increased risk of  pregnancy adverse turnover — high 
risk of  miscarriage and fetal death; adult females with 
type I diabetes were prone to being complicated with 
hyperandrogenism and polycystic ovarian syndrome 
(PCOS). However, the currently available studies on sex 
hormones in patients with type I diabetes were few and 
the results were contradictory; the effect of  type I diabetes 
on sex hormone was still unclear. Experimental studies in 
animals found that in animal models with type I diabetes, 
E2 was decreased and T was increased in females; T was 
decreased and T2 was increased in males.[2] While the results 
of  studies in the population with type I diabetes were 
inconsistent, compared with that in the normal population, 
E2 in females could be reduced or maintained and FT could 
be increased or maintained. This kind of  inconsistency may 
be related to the non-consideration of  physiological cycle 
and age; FT was increased in most males, but it could also 
be reduced or maintained; sex hormone-binding globulin 
(SHBG) in type I diabetes was mostly at the normal upper 
limit or increased, and a supplement of  insulin therapy 
could reduce SHBG, indicating that abnormal SHBG was 
related to insulin defi ciency. These few studies indicated 
that the tendency of  increased testosterone was present 
in patients with type I diabetes, regardless of  females or 
males, and hyperandrogenism was developed.[2]

Currently, the opinions on studies of  patients with type II 
diabetes are consistent: T level was signifi cantly decreased 
and SHBG was decreased in male patients with type II 
diabetes; moreover, testicular dysfunction was extremely 
probably earlier than hypothalamic–pituitary hypofunction. 
Hyperandrogenism was present in female patients; in 
post-menopausal females, testosterone was signifi cantly 
increased and SHBG was significantly decreased; the 
reports on E2 were inconsistent, and all the situations of  
increase, maintenance and decreases existed.[2]

There were many complications of  type II diabetes, and 
the decrease of  sex hormones in serious patients was 
more signifi cant. The studies conducted in China and 
abroad found that compared with that in patients without 
vascular lesions, estrogen (especially E2) was signifi cantly 
decreased in patients with type II diabetes who were 
complicated with vascular lesions, regardless of  sex 
difference; the testosterone in males was much lower, 
and E2 content was negatively correlated to vascular 
complications of  diabetes.[3,4] E2 could reduce plasma 
cholesterol concentration, promote generation of  high-
density lipoprotein cholesterol (HDL-C) and relieve 
injury of  vascular endothelium, and it could also inhibit 
adhesion and aggregation of  monocytes by enhancing NO 
synthesis thus inhibiting the formation of  atheromatous 

plaques and reducing the development of  vascular 
diseases. Patients complicated with vascular lesions were 
usually with long disease courses, and the status of  high 
glucose facilitated the reduction of  E2 in these patients; 
therefore, the possibility of  vascular lesions was increased.[4] 
Simultaneously, low testosterone was an independent factor 
for functional disorders of  endotheliocytes, and reduced 
testosterone resulted in an increased risk of  complicated 
vascular lesions.[5]

EFFECT OF SEX HORMONE ON 
ONSET RISK OF DIABETES

The studies in recent years have begun to focus on 
the value of  sex hormone on predicting onset risk of  
diabetes. Androgen was the protection hormone for males; 
the onset risk of  diabetes was increased in males with 
reduced testosterone. A meta-analysis conducted on seven 
prospective studies related to testosterone and diabetes 
found that endogenous testosterone was related to the 
onset risk of  type II diabetes: The onset risk of  type II 
diabetes in males with higher testosterone could be reduced 
by 42%; however, increased testosterone could also increase 
the risk of  type II diabetes in females.[5] It was still unclear 
whether a direct relationship existed between estrogen and 
the onset risk of  type II diabetes. It was widely believed that 
estrogen was the protection hormone for females; the onset 
risk of  diabetes was increased in females with reduced E2. 
Clinical studies showed that the incidence of  diabetes in 
females was lower than that in males, while the incidence 
was signifi cantly increased at the post-menopausal stage, 
and the release amount of  insulin was only 50% of  that 
before menopause. The reasons lay in the protective effect 
of  estrogen on B cells, which therefore reduced the onset 
of  diabetes; if  estrogen was decreased and androgen was 
increased in females, then the incidence of  diabetes would 
be increased. However, after conducting a meta-analysis 
of  nine cross-sectional studies and three prospective 
studies on diabetes and E2, some researchers found that 
E2 was instead higher in males with type II diabetes and 
post-menopausal females, and the authors presumed that 
this may be related to the fact that the estrogen in males 
and post-menopausal females was mainly from increased 
adipose tissues.[6]

SHBG was negatively correlated to the onset risk of  type 
II diabetes. Ding et al.[6] have conducted a meta-analysis 
of  10 prospective studies on SHBG and diabetes, which 
showed that the risk of  type II diabetes in females with 
higher SHBG could be decreased by 80%, while the onset 
risk in males with high SHBG could be decreased by 52%; 
furthermore, the correlation of  SHBG with females was 
closer than that with males. A prospective study led by 
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Ding reached the same conclusion: A low level of  SHBG 
in blood circulation had a strong predictability for the onset 
of  type II diabetes, regardless of  males or females; however, 
further studies were needed on the clinical application of  
SHBG genotype and its plasma level in stratifi cation and 
intervention of  type II diabetes.[7]

FEATURES OF COMMON GONADAL 
DISORDERS COMPLICATED WITH 
DIABETES

Hypogonadism with high gonadotropic hormone
Klinefelter syndrome (KS)
KS is the most commonly seen hypotestoidism with 
the endocrine features of  low testosterone and high 
gonadotropic hormone. KS is caused by non-disjunction 
of  sex chromosome during the process of  forming sperms 
and ovums by meiosis of  the parental germ cells, and the 
typical chromosome karyotype is 47, XXY. The clinical 
manifestation could be accompanied with obesity, impaired 
glucose tolerance and diabetes. The prevalence of  diabetes 
in patients with KS was higher than that in the general 
population, 15-50% in western countries and 6.8% in Japan, 
which actually might be higher because blood glucose-related 
examinations were not conducted for many KS patients. 
The mechanism of  KS-complicated diabetes was unclear, 
which may be related to multiple factors such as heredity 
(abnormal enzyme genes related to glycometabolism caused 
by chromosomal mutation), endocrine disorder, insulin 
resistance (IR), testosterone defi ciency, signifi cant increase 
of  body fat ratio, etc., and wherein IR was an important 
characteristic of  KS-complicated diabetes. Obese abdomen, 
increased body fat amount and reduced amount of  muscles 
in KS patients could induce IR, while the administration 
of  testosterone supplement therapy for KS patients could 
improve IR thus reducing fasting blood glucose.[8] Because 
the clinical manifestations of  KS-complicated diabetes 
were various and their types and severities were diffi cult to 
be determined, the patients’ insulin secretion and insulin 
resistance should be evaluated prior to hypoglycemic 
therapy.

Turner syndrome
Turner syndrome is a congenital disease in which the 
number or structure of  the X chromosome is abnormal, and 
it is caused by non-disjunction of  sex chromosomes during 
meiosis of  the ova or sperms. The typical chromosome 
karyotype is 45, X0 or the other variation forms. The 
patients are with non-developed sex characteristics due to 
non-development of  ovaries and sex hormone defi ciency, 
showing puerilism. Approximately 30-60% of  adult 
patients with Turner syndrome were with abnormal oral 
glucose tolerance tests, and the incidence of  type II diabetes 

was two- to four-times as high as that in normal females.[9] 
The mechanism of  Turner syndrome complicated with 
abnormal glycometabolism was unclear, which may be 
related to B cell hypofunction, insulin resistance and X 
chromosome abnormality. Salgin et al.[10] have conducted 
a study on 16 Turner syndrome patients who received sex 
hormone replacement therapy only, and the results showed 
that IR existed, the fasting insulin was increased and the 
sensitivity of  fasting insulin was decreased in Turner 
syndrome patients as compared with that in healthy females. 
The onset of  diabetes in Turner syndrome patients was 
usually at a younger age, the situation of  diabetes was mild 
and body weight loss or single medication therapy could 
effectively control their blood glucose levels.[9]

Polycystic ovarian syndrome (PCOS)
PCOS is the most commonly seen disease in the 
endocrinology of  gynecology, which is also one of  the most 
commonly seen reasons for infertility of  young females. Its 
pathophysiological characteristics were as follows:
1. Insulin resistance: Different degrees of  IR were present 

in 50-70% of  the patients;
2. Hyperandrogenism and
3. Changes in secretion of  gonadotropic hormones.

The risks of  obesity, abnormal glucose tolerance and type 
II diabetes in PCOS patients were signifi cantly increased. 
About 50% of  the PCOS patients were accompanied with 
obesity, 31-35% with impaired glucose tolerance (IGT), 
7.5-10% with type II diabetes, and the rate of  switching 
from IGT to type II diabetes in PCOS patients was fi ve- 
to 10-times as high as that in the control population. IR 
may exist in PCOS patients, regardless of  the presence 
or absence of  obesity; therefore, hyperinsulinism and 
hyperandrogenism were developed. The mechanisms of  
PCOS and IR were very complicated, which were related to 
insulin post-receptor signal transduction defection, genetics 
(insulin gene VNTR was an important predisposing gene 
of  PCOS), inflammation factors, adipocytokines and 
hyperinsulinism. The abnormal glycometabolism in PCOS 
patients was mainly manifested by increased post-prandial 
2 h blood glucose, and, for most patients, fasting plasma 
glucose (FPG) was <5.6 mmol/L; therefore, routine 
examination of  oral glucose tolerance test (OGTT) should 
be performed for PCOS patients and regular follow-up 
should be conducted; post-prandial blood glucose should 
be monitored to detect abnormal glycometabolism as 
early as possible, because early intervention therapy 
could prevent or delay the aggravation of  abnormal 
glycometabolism thus preventing the development of  
diabetes. For the treatment of  PCOS hyperglycemia, 
individualized therapy should be adopted according to the 
patients’ features of  pathogenetic conditions. For obese 
PCOS women, they should be fi rstly suggested to lose 
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weight by diet control, exercise and change of  life style; 
metformin and thiazolidinediones have been used in the 
treatment of  PCOS, and have been demonstrated to be 
effective and safe in clinical studies; metformin could 
increase insulin sensitivity, reduce insulin concentration 
and induce ovulation and pregnancy; however, the dosages 
in individual studies were not unifi ed; thiazolidinediones 
had the effects of  improving insulin sensitivity, high 
androgen and infl ammatory factors, but its potential risks 
of  increasing body weight and inducing cardiovascular 
diseases should be considered in clinical application.

Hypogonadism with low gonadotropic hormone
Olfactory nerve–sexual dysgenesis syndrome 
(Kallmann syndrome)
Kallmann syndrome can be shown as sporadic and 
heredofamilial, and can be transmitted to future generations 
by three ways: Autosomal dominant, recessive or X linkage. 
The main pathogenesis was the hypothalamic (complete or 
incomplete) loss of  synthesis and secretion ability of  GnRH, 
resulting in secondary hypogonadism. GnRH secretory cells 
cannot be transmigrated at their normal positions, which 
affected the formation of  olfactory tracts and olfactory 
bulbs, and further induced olfaction disorders. Kallmann 
syndrome was also usually complicated with diabetes, but 
the onset of  diabetes in it was unclear, which may be related 
to insulin resistance caused by hypogonadism. Yialamas 
et al.[11] have observed 12 idiopathic hypogonadotropic 
hypogonadism (IHH) patients who previously received 
androgen replacement therapy (wherein, six cases were 
Kallmann syndrome). Two weeks after discontinuation of  
androgen replacement therapy, the sensitivity of  insulin was 
decreased by about 40% and the fasting blood glucose level 
was prone to increase. Because most of  the patients with 
Kallmann syndrome-complicated diabetes were obese, the 
application of  metformin achieved good therapeutic effect.

Prader–Willi syndrome (PWS)
It is also known as germinal aplasia and atrophy syndrome 
with potential diabetes, which is a complicated multisystemic 
abnormality caused by functional defects in the q11-13 
area in human father-source No. 15 chromosome. Many 
clinical characteristics of  PWS patients were caused 
by hypothalamic dysfunction, while the hypothalamus 
was extremely closely related to gonadal functions and 
appetite control; therefore, abnormal glycometabolism 
could be present in PWS patients. For PWS patients, the 
body weight increase in the neonatal period and infancy 
was unsatisfi ed, and most of  them began to suffer from 
hyperorexia and morbid obesity since they were 4 years 
old; therefore, diabetes could be present at an age of  5 
years. In PWS patients, the incidence of  diabetes was 
signifi cantly increased, which was mainly caused by serious 
obesity. However, compared with that of  patients with 

simple obesity (body mass index was matched to PWS 
patients), the blood glucose level of  PWS patients was 
equivalent, while the fasting insulin and homeostasis model 
assessment (HOMA) insulin residence index were much 
lower, indicating a high insulin sensitivity. Diet control and 
oral medication therapy can be adopted for the treatment 
of  diabetes.

Congenital adrenal hyperplasia (CAH)
CAH is a group of  autosomal recessive diseases of  
corticosteroid dys-synthesis caused by congenital defect 
of  certain enzymes. The patients with a defi ciency of  
21-hydroxylase and 11β-hydroxylase suffered from 
hyperandrogenism due to the fact that the intermediates 
synthesized by corticosteroid were switched to synthesize 
androgen such that insulin resistance could be induced, 
which may be one of  the reasons for CAH resulting in 
abnormal glycometabolism.

HORMONE REPLACEMENT THERAPY

A large number of  experiments have confi rmed that hormone 
replacement therapy in females with estrogen defi ciency and 
males with androgen defi ciency among patients with type 
II diabetes was helpful for the improvement of  their blood 
glucose and blood fat. However, other studies also indicated 
that estrogen replacement therapy may increase the risk of  
estrogen-dependent neoplasms (endometrial carcinoma, 
breast carcinoma, etc.); androgen replacement therapy may 
induce an increased risk of  abnormal hepatic function and 
prostatic hyperplasia. With regard to the effi cacy of  long-term 
hormone replacement, replacement dosage forms, dosage, 
selection of  administration methods, combined medication, 
duration, etc., the results of  individual studies were 
inconsistent, which were still to be resolved by conducting 
long-term observational studies with a larger sample size.
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