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Type 2 diabetes is associated with lower total testosterone (T)
levels in cross-sectional studies. However, it is not known
whether the defect is primary or secondary. We investigated
the prevalence of hypogonadism in type 2 diabetes by mea-
suring serum total T, free T (FT), SHBG, LH, FSH, and pro-
lactin (PRL) in 103 type 2 diabetes patients. FT was measured
by equilibrium dialysis. FT was also calculated by using T and
SHBG (cFT). Hypogonadism was defined as low FT or cFT. The
mean age was 54.7 � 1.1 yr, mean body mass index (BMI) was
33.4 � 0.8 kg/m2, and mean HbA1c was 8.4 � 0.2%. The mean T
was 12.19 � 0.50 nmol/liter (351.7 � 14.4ng/dl), SHBG was
27.89 � 1.65 nmol/liter, and FT was 0.250 � 0.014 nmol/liter.
Thirty-three percent of patients were hypogonadal. LH and

FSH levels were significantly lower in the hypogonadal group
compared with patients with normal FT levels (3.15 � 0.26 vs.
3.91 � 0.24 mIU/ml for LH and 4.25 � 0.45 vs. 5.53 � 0.40 mIU/ml
for FSH; P < 0.05). There was a significant inverse correlation
of BMI with FT (r � –0.382; P < 0.01) and T (r � –0.327; P < 0.01).
SHBG correlated inversely with BMI (r � –0.267; P < 0.05) but
positively with age (r � 0.538; P < 0.001) and T (r � 0.574; P <
0.001). FT correlated strongly with cFT (r � 0.919; P < 0.001)
but not with SHBG. LH levels correlated positively with FT
(r � 0.287; P < 0.05). We conclude that hypogonadotropic hy-
pogonadism occurs commonly in type 2 diabetes. (J Clin En-
docrinol Metab 89: 5462–5468, 2004)

TYPE 2 DIABETES IS associated with low total testoster-
one (T) in cross-sectional studies (1–8). Barrett-Connor

(1) in the Rancho Bernardo Study, demonstrated that the 44
elderly men (mean age 72 yr) with type 2 diabetes had lower
total T levels than age- and body mass index (BMI)-matched
nondiabetics. Prediabetes was also associated with lower
levels of total T and bioavailable T (BT) in the Rancho Ber-
nardo study (3). Another population-based case control
study conducted in New Caledonia (CALDIA survey) found
lower total T levels in 16 European and 77 Melanesian men
with type 2 diabetes compared with an equal number of
controls (6). Andersson et al. (7) reported lower total T and
SHBG levels in 46 diabetics compared with 11 healthy men
of similar BMI and age.

Total T concentrations are determined to a large extent by
circulating SHBG concentrations. In the blood of normal
men, 44% of total T is bound to SHBG, 2% is unbound [free
T (FT)], and 54% circulates bound to albumin and other
proteins (9). Because albumin-bound T has 1000 times lower
affinity than SHBG, it can freely disassociate in capillaries.
Virtually all the non-SHBG-bound T (also called BT) is there-
fore available for tissue uptake (10). Circulating SHBG con-
centrations are also dependent upon a number of factors, the
most important association being with obesity. SHBG levels
decrease in obesity and increase with aging. Type 2 diabetics

have even lower SHBG levels compared with age- and BMI-
matched nondiabetics (2).

A complete assessment of hypogonadism should therefore
include measurement of FT. FT levels were low in diabetics
in the CALDIA study (6). However, the FT was measured by
RIA, a method that is now considered unreliable because it
represents a variable fraction (20–60%) of the FT measured
by equilibrium dialysis (ED) (11–13). The purpose of FT and
BT is to correct the total testosterone concentration for the
effect of variable binding with SHBG. Winters et al. (14) found
that SHBG is an important determinant of FT measured by
analog RIA in men. Furthermore, RIA measures a constant
percentage of total testosterone (0.5–0.65%).

ED is considered to be the gold standard for measuring FT.
FT measured by this technique represents 1.5–4% of total T
and is not dependent upon SHBG concentrations (14). To our
knowledge, no study has compared FT levels done by ED in
diabetics and nondiabetics. The probable reason for this is
that ED is a delicate, tedious, and time-consuming technique
and therefore not suitable for population-based or large stud-
ies. It is therefore not clear whether the lower SHBG levels
in diabetics can account for all the differences in T levels
between diabetics and nondiabetics.

It is also not known whether the lower T levels in diabetics
are associated with changes in LH and FSH. We have pre-
viously published data showing that the commonest form of
gonadal dysfunction associated with type 2 diabetics with
erectile dysfunction is hypogonadotropic hypogonadism
(15). Ando et al. (5) reported low total T and normal LH levels
in diabetics, whereas Ali et al. (16) found that subjects with
diabetic neuropathy had low T and high LH and FSH levels.
Neither of these studies presented data on FT concentrations.

Abbreviations: BLSA, Baltimore Longitudinal Study of Aging; BMI,
body mass index; BT, bioavailable testosterone; cFT, calculated free
testosterone; ED, equilibrium dialysis; FT, free testosterone; MRI, mag-
netic resonance imaging; NIRKO, neuron-specific insulin receptor
knockout; PRL, prolactin; T, testosterone.
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We therefore decided to systematically investigate con-
secutive male patients with type 2 diabetes mellitus who had
been referred to our center (Diabetes-Endocrinology Center
of Western New York) by measuring total T, FT, SHBG, LH,
FSH, and prolactin (PRL) to determine the prevalence of
hypogonadism (as defined by a low FT) in type 2 diabetes
and to differentiate whether the nature of hypogonadism is
hypogonadotropic or hypergonadotropic. We hypothesized
that hypogonadism occurs frequently in type 2 diabetes and
that it is secondary to a hypogonadotropic defect.

Patients and Methods

The study was conducted in the Diabetes-Endocrinology Center of
Western New York, a tertiary referral center affiliated with the State
University of New York and Kaleida Health in Buffalo, NY. The study
was done with male patients with type 2 diabetes referred to the center
for management of diabetes. Patients with known history of hypogo-
nadism, panhypopituitarism, or chronic debilitating disease such as
renal failure, cirrhosis, or HIV were excluded from the study. Demo-
graphic parameters were collected, and height, weight, glucose, and
HbA1c were measured. Data related to the duration of diabetes, med-
ications, and clinical history, including the presence of erectile dysfunc-
tion, neuropathy, retinopathy, and coronary artery disease were col-
lected systematically. Fasting blood samples were then obtained to
measure serum total T, FT, SHBG, LH, FSH, PRL, glucose, and HbA1c.
All these tests are done in our clinic as part of the work-up at the initial
visit. We evaluate T routinely in type 2 diabetes patients in view of the
frequency of low T concentrations in our patients. Informed consent was
therefore not obtained.

Total T was measured by solid-phase RIA (Coat-A-Count from Di-
agnostic Products Corp., Los Angeles, CA). The lower limit of normal
for T in our clinical lab is 10.4 nmol/liter (300 ng/dl). SHBG was tested
at Specialty Laboratories, Santa Monica, CA, by immunochemilumino-
metric assay.

FT was measured by ED. FT was calculated by multiplying the total
T by the dialyzable fraction. The lower limit of FT in our reference lab
is 0.174 nmol/liter (50 pg/ml). ED is considered to be the gold standard
for measuring FT.

FT was also calculated from SHBG and T using the method of Ver-
meulen et al. (12) and using a computer program and web site address
supplied by Dr. T. Fiers, University Hospital Ghent, Ghent, Belgium
(http://www.issam.ch/freetesto.htm). This calculated FT (cFT) has
been shown to correlate very well with FT measured by ED (11). For cFT,
0.225 nmol/liter (64.8 pg/ml) was taken as the lower limit of normal (17).
It is known that cFT values are generally 10–15% higher than FT mea-
sured by ED. This reason is not clear but could be because of the type
of SHBG standardization or because of a bias in the association constant
used for SHBG in the equation of Vermeulen et al. (12).

BT (non-SHBG-bound T) was also similarly calculated using SHBG
and T. The lower limit of normal was considered to be 5.2 nmol/liter (150
ng/dl) (17).

LH and FSH were measured by chemiluminescent immunometric
assays.

Because FT is the gold standard for diagnosing hypogonadism and
cFT values are reliable for estimating FT (17), hypogonadism was de-
fined as low FT or low cFT.

Data are presented as mean � se. Kruskal-Wallis ANOVA on ranks
was used to compare data across groups. Mann Whitney rank sum test
was used to compare nonparametric data, and t test was used to compare
parametric data. Fisher exact test or �2 test was also used to compare the
groups whenever appropriate. Spearman correlation (for nonparametric
data) or Pearson correlation (for parametric data) was used to establish
correlations. Multiple regression analysis between variables was per-
formed if there was more than one independent variable. P � 0.05 was
considered significant. Sigma Stat software was used for analysis.

Results

Data from 103 consecutive new male patients in our clinic
were analyzed. All the patients had type 2 diabetes mellitus.

The mean age of patients was 54.7 � 1.1 yr (range, 28–80 yr),
the mean weight was 104.1 � 2.6 kg (range, 51–220 kg), and
the mean BMI was 33.4 � 0.8 kg/m2 (range, 17.6–63.1 kg/
m2). The mean HbA1c was 8.4 � 0.2% (range, 4.7–13.4%).
Subjects had diabetes for an average of 7.7 � 0.7 yr (range,
0.1–36 yr).

All patients had either FT measured by ED or cFT (FT
calculated using SHBG and T). Hypogonadism was defined
as low FT or cFT. The mean total T in our study patients (n �
103) was 12.19 � 0.50 nmol/liter (351.7 � 14.4 ng/dl; range,
1.73–28.36 nmol/liter), and 45 patients (43.7%) had T levels
less than 10.4 nmol/liter (300 ng/dl).

Of 103 patients, 57 had FT measured by ED. The mean FT
level was 0.250 � 0.014 nmol/liter (72.1 � 4.17 pg/ml; range,
0.040–0.529 nmol/liter). Fourteen of the 57 patients (24.6%)
had levels less than 0.174 nmol/liter (50 pg/ml) and were
therefore hypogonadal.

SHBG was available in 75 of 103 patients, allowing the
calculation of cFT and BT. The mean SHBG concentration
was 27.89 � 1.65 nmol/liter (range, 6–70.1 nmol/liter). The
average cFT level was 0.269 � 0.012 nmol/liter (77.45 � 3.5
pg/ml; range, 0.087–0.625 nmol/liter). Twenty-seven pa-
tients (36%) had levels less than 0.225 nmol/liter (64.8 pg/
ml) and were therefore hypogonadal.

Thus, of a total of 103 patients who had either FT or cFT
measured, 34 patients (33%) were hypogonadal. If only total
T had been used to define hypogonadism, there would have
been 36% false positives and 12% false negatives, and the
frequency of hypogonadism would have been 43.7%.

Twenty-nine patients had values available for both FT and
cFT. cFT values in our study were 12% higher than FT mea-
sured by ED. As reported in the literature, cFT values cor-
related excellently with FT obtained by ED (r � 0.92; P �
0.001) (11, 12).

The average BT levels were 6.28 � 0.29 nmol/liter (range,
1.88–14.67 nmol/liter), and 36% of the patients had values
below the lower limit (5.2 nmol/liter).

T, SHBG, and BT levels across different age groups are
depicted in Fig. 1. The rise in SHBG was significant (P �
0.001) across the age groups, but there was no significant
change in T or BT levels with age.

The mean values for LH, FSH, and PRL were 3.94 � 0.24
mIU/ml, 5.93 � 0.49 mIU/ml, and 7.04 � 1.26 ng/ml, re-
spectively. Nine patients had either high LH or FSH levels
(three patients had high concentrations of both LH and FSH;
two patients had isolated high LH levels, whereas four pa-
tients had isolated high FSH levels). Three of these nine
patients had low FT or cFT concentrations, and the remaining
six had normal FT or cFT concentrations. None of the patients
had abnormal PRL values.

The LH concentrations and FSH concentrations were sig-
nificantly lower in the hypogonadal group (Table 1). To rule
out the possibility that the cause of hypogonadotropic hy-
pogonadism was a pituitary lesion, we carried out magnetic
resonance imaging (MRI) in 10 randomly selected hypogo-
nadal subjects. None of the MRIs showed pituitary or hy-
pothalamic abnormalities.

Dividing patients into hypogonadal and eugonadal
groups based on FT (only) yielded similar results for LH and
FSH. Both LH and FSH were significantly lower in the hy-
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pogonadal group (LH levels were 2.98 � 0.25 vs. 4.41 � 0.44
mIU/ml, P � 0.001; FSH levels were 3.24 � 0.27 vs. 5.25 �
0.53 mIU/ml, P � 0.01).

The data were then analyzed after dividing patients into
categories based on BMI (Table 2): lean (�25.0 kg/m2), over-
weight (25.0–29.9 kg/m2), obese (30.0–39.9 kg/m2), and se-
verely obese (�40.0 kg/m2). Total T, BT, and FT levels (both

calculated and measured by dialysis) fell progressively with
increase in BMI, and the trend was significant across the
groups. SHBG concentrations were significantly higher (P �
0.05) in the lean group compared with the severe obesity
group.

Figure 2 illustrates the prevalence of hypogonadism
(based on low FT or cFT) in our study across decades of age
from 40–79 yr.

Correlations

Total T correlated inversely with weight and BMI (r �
–0.303 for weight and –0.327 for BMI; P � 0.01 for both) but
not with age.

SHBG correlated inversely with weight (r � –0.300; P �
0.01) and BMI (r � –0.262; P � 0.05) but positively with age
(r � 0.538; P � 0.001) and T (r � 0.574; P � 0.001).

In a multiple regression analysis using T as the dependent
variable and BMI and SHBG as independent variables, both
BMI and SHBG were significant predictors of T (P � 0.01).
Inclusion of age and LH in this model did not modify the
results.

FT correlated strongly and directly with T (r � 0.884; P �
0.001). FT correlated inversely with weight (r � –0.413; P �
0.01) and BMI (r � –0.382; P � 0.01) (Fig. 3). However, the
prevalence of hypogonadism in the normal BMI group (Table
2) was 31.3%. Thus, despite the relatively weak but signifi-
cant inverse correlation of FT with BMI, low FT or cFT values
were common in the normal BMI group.

LH levels correlated significantly and positively with FT
concentrations (r � 0.287; P � 0.05). However, in multiple
regression analysis using FT as the dependent variable and
BMI and LH as independent variables, only BMI remained
a significant predictor of FT (P � 0.005). FT did not correlate
with age or SHBG.

As reported in the literature, cFT values correlated excel-
lently with FT obtained by ED (r � 0.919; P � 0.001) (11, 12).

FIG. 1. Serum concentrations of total T, SHBG, and BT
according to age. The rise in SHBG was significant (*,
P � 0.001) across the age groups, but there was no
significant change in T or BT levels with age. Lower
limit of normal for T is 10.4 nmol/liter and for BT is 5.2
nmol/liter. Normal range for SHBG is 7–50 nmol/liter.
To convert T from SI units (nmol/liter) into conventional
units (ng/dl), multiply by 28.8.

TABLE 1. Clinical and biochemical features of patients with
normal or low FT or cFT

Hypogonadal Eugonadal

n 34 69
Age (yr) 57.2 � 2.4 53.5 � 1.5
BMI (kg/m2) 35.7 � 1.7 31.7 � 1.0
T (nmol/liter) 8.07 � 0.65 14.58 � 0.62a

FT (nmol/liter) 0.146 � 0.011 0.306 � 0.015a

cFT (nmol/liter) 0.172 � 0.007 0.326 � 0.013a

LH (mIU/ml) 3.15 � 0.26 3.91 � 0.24b

FSH (mIU/ml) 4.25 � 0.45 5.53 � 0.40b

PRL (mIU/ml) 6.69 � 0.58 6.69 � 0.46
SHBG (nmol/liter) 28.87 � 2.79 27.31 � 1.96
HbA1c (%) 8.5 � 0.3 8.42 � 0.3
LDL (mg/dl) 105.3 � 9 113.5 � 4.4
HDL (mg/dl) 39.6 � 3.8 39.2 � 1.3
Triglycerides (mg/dl) 183.3 � 28.8 164.6 � 28
Cholesterol (mg/dl) 179.8 � 11.5 177.1 � 5
24-h microalbuminuria (mg) 51.5 � 37.4 48.1 � 19.5
Retinopathy 27% 20%
Neuropathy 43% 35%
Erectile dysfunction 17% 20%
Coronary artery disease 30% 38%
Use of statins 33% 38%
Use of insulin 50% 35%
Use of thiazolidinediones 35% 26%
Creatinine (mg/dl) 1.16 � 0.06 1.01 � 0.03
Duration of diabetes (yr) 9.03 � 1.31 7.12 � 0.97

To convert testosterone from SI units (nmol/liter) into conventional
units (ng/dl), multiply by 28.8. LDL, Low-density lipoprotein; HDL,
high-density lipoprotein.

a P � 0.001 vs. hypogonadal group.
b P � 0.05 vs. hypogonadal group. For comparison of the gonado-

trophs, hypergonadotropic patients were excluded from the analysis.
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cFT also correlated significantly and negatively with weight
(r � –0.229; P � 0.05) and BMI (r � –0.267; P � 0.05).

BT correlated inversely with BMI (r � –0.317; P � 0.01) and
weight (r � –0.289; P � 0.05) but not with age or SHBG. BT
correlated strongly and positively with FT (r � 0.871; P �
0.001) measured by ED. In a multiple regression analysis
using BT as the dependent variable and BMI, SHBG, age, and
LH as independent variables, only BMI was a significant
predictor of BT (P � 0.001).

There was no correlation of either T or FT with FSH, PRL,
age, HbA1c, duration of diabetes, or the use of insulin or
thiazolidinediones.

Discussion

Our data clearly show that hypogonadotropic hypogo-
nadism is a common defect in type 2 diabetes, irrespective of
the glycemic control, duration of disease, and the presence of
complications of diabetes or obesity. The prevalence of hy-
pogonadism is much higher than that expected based on the
age of subjects. Normal aging is associated with a decrease
in total T levels of the order of 0.5–2% per year. The fall in

T is gradual and constant over all decades and starts early in
life, probably after the third decade. In longitudinal data
from the Massachusetts Male Aging Study, total T decreased
at a rate of 1.6% per year, whereas SHBG increased by 1.2%
per year (18). In the Baltimore Longitudinal Study of Aging
(BLSA), one of the most quoted studies describing age-
related decline of T, the decrease in T averaged 0.110 nmol/
liter per year. We compared the prevalence of hypogonadism
obtained in our study with that in the BLSA (19). The in-
vestigators in that study performed an analysis of 3661 sam-
ples for T and SHBG. The BLSA study population was largely
middle class with 87% Caucasians. BLSA had 16% diabetics
in its population, and there was no association between T
levels and the presence of diabetes (19). Diabetes was diag-
nosed by performing oral glucose tests in all the study vol-
unteers. It is therefore likely that their diabetic cohort con-
sisted primarily of milder diabetics who were early in their
stage of disease compared with the population we have
studied. Hypogonadism was described in that study as T less
than 325 ng/dl (11.28 nmol/liter). We compared the prev-
alence of hypogonadism in our study (using the same criteria
as BLSA) across various age ranges with the prevalence from
BLSA. The average age of our patients was 54.7 yr (compared
with 53.8 yr in BLSA) and had a higher BMI (33.4 vs. 25.6
kg/m2) than BLSA subjects. Our patients were markedly
more hypogonadal in all age groups from 40–70 yr (preva-
lence of hypogonadism in age group 40–49 yr, 54 vs. 8%; age
group 50–59 yr, 46 vs. 12%; age group 60–69 yr, 56 vs. 19%
in our study and the BLSA, respectively).

We also compared the BT levels in our study with those
in nondiabetics from a population-based study done in
Utrecht, The Netherlands (20). In this study, Muller et al. (20)
measured total T and SHBG concentrations in 400 male vol-
unteers (age range, 40–80 yr; mean, 60.2 yr). BT levels were
calculated from T and SHBG using the method of Vermeulen
et al. (12). We found that diabetics from our study had lower
BT levels at all age groups (age 40–50, 6.36 vs. 9.90 nmol/liter;
age 51–60, 6.56 vs. 8.40 nmol/liter; age 61–70, 5.70 vs. 7.40
nmol/liter; age 71–80, 5.63 vs. 7.00 nmol/liter for our study
and the Utrecht study, respectively).

No large studies are available describing levels of FT (mea-

TABLE 2. Biochemical and clinical parameters of patients divided into groups on the basis of BMI (lean, overweight, obese, and
severely obese)

BMI (kg/m2)

�25 (lean) 25–29.9 (overweight) 30–39.9 (obese) �40 (severely obese)

n 16 24 43 20
Age (yr) 55.8 � 3.4 55.2 � 2.4 50.1 � 1.7 55.3 � 2.4
Total T (nmol/liter)a 15.50 � 1.52b 13.45 � 1.03b 12.06 � 0.74b 9.38 � 0.86
BT (nmol/liter)a 8.00 � 0.93b 6.70 � 0.57b 6.40 � 0.40b 4.49 � 0.35
FT (nmol/L)a 0.325 � 0.053b 0.279 � 0.025b 0.244 � 0.020b 0.175 � 0.021
cFT (nmol/liter)a 0.330 � 0.043b 0.286 � 0.024b 0.275 � 0.017b 0.200 � 0.016
% hypogonadal 31.3% 21.1% 27.9% 57.9%
SHBG (nmol/liter) 34.45 � 3.61b 32.13 � 4.83 27.28 � 2.56 23.50 � 2.20
LH (mIU/ml) 3.61 � 0.42 4.21 � 0.57 4.16 � 0.31 3.40 � 0.53
FSH (mIU/ml) 5.12 � 0.74 6.81 � 0.87 6.51 � 0.81 4.48 � 0.89
PRL (mIU/ml) 6.61 � 0.88 5.89 � 0.43 7.24 � 0.67 6.44 � 0.78
HbA1c 9.0 � 0.6% 8.6 � 0.5% 8.2 � 0.2% 8.4 � 0.3%
Duration of diabetes (yr) 7.4 � 1.8 8.9 � 1.6 7.2 � 0.9 8.2 � 1.9

a P � 0.05 across groups.
b P � 0.05 as compared with severe obesity group.

FIG. 2. Percentage of hypogonadal (low FT or cFT) patients with type
2 diabetes in age groups ranging from 40–79 yr.
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sured by ED) in different age groups for comparison with
results obtained in our study. Tsai et al. (21) measured T and
SHBG levels and cFT and BT values in 221 nondiabetic men
with a mean age of 57 yr and BMI of 29 kg/m2. Mean cFT
concentration was 0.32 nmol/liter, BT was 7.9 nmol/liter, T
was 18 nmol/liter, and SHBG was 42.2 nmol/liter. In con-
trast, our study patients (diabetics with a mean age of 54.7
yr and BMI 33.4 kg/m2) had mean cFT levels of 0.269 nmol/
liter; BT was 6.28 nmol/liter, T was 12.19 nmol/liter, and
SHBG was 27.89 nmol/liter.

Although the techniques for measurement of T and SHBG
levels are well established and consistent among most labs,
it cannot be denied that there may be variability in the T and
SHBG concentrations obtained in different labs with differ-
ent kits. Therefore, we also compared T levels obtained in our
study with those in the CALDIA survey study (6), a popu-
lation-based study conducted in New Caledonia (a French
South Pacific island). T in this study was measured by the
same commercial kit and method as the one used in our
study (RIA; Coat-A-Count). In the study, Defay et al. (6)
compared T levels in 16 European men with 16 controls from
the same population. The mean age was similar in both
groups (46.9 yr). Subjects with diabetes had a higher BMI
(32.8 kg/m2 in diabetics vs. 25.1 kg/m2 in controls). The mean
duration of diabetes was 1.8 yr. The mean T levels were 13.8
nmol/liter (397 ng/dl) vs. 20.73 nmol/liter in controls. The
mean total T levels in our study patients were similar to levels
in their diabetic population, 12.19 � 0.5 nmol/liter (351.7 �
14.4 ng/dl).

It is not clear whether the age-related decline in T levels is
because of the chronic illnesses, which increase with aging.
Some studies have found that age-associated decline in T is
diminished or abolished in healthy men (defined as absence
of chronic illnesses and/or healthy lifestyle) (20). Chronic
illnesses that have been consistently associated with low T

levels are malignancy and HIV infection (22). The etiology of
hypogonadism in chronic illness appears to be complex, with
both hypo- and hypergonadotropic hypogonadism having
been reported (22). In the BLSA, the presence of cancer was
associated with a greater decline in T levels than that ob-
served with aging alone (23). T levels have been reported to
be higher in smokers and lower in subjects who take more
than 40 g/d of alcohol (20).

The cause of age-related decline in T is likely a combina-
tion of testicular and pituitary/hypothalamic defects. Tes-
ticular response to gonadotropins is diminished in older
men, gonadotrope responsiveness to androgen suppression
is attenuated, and the pulsatility of the hypothalamic pulse
generator is altered (22). Cross-sectional as well as longitu-
dinal studies have generally suggested that LH/FSH levels
rise slightly with age (23, 24). The increase in LH does not
correlate with the decrease in T, suggesting an age-related
alteration in this feedback mechanism (24, 25). It is not clear
whether there is attenuation of the GnRH signal as well (26).
Prolonged exogenous GnRH infusion restores daily LH se-
cretory activity but fails to normalize T levels (27). PRL levels
remain constant or either increase or decrease slightly with
age (18, 23). In our study, PRL levels were not different
between hypogonadal and nonhypogonadal groups, and
they did not correlate with age. The levels were comparable
to those in normal subjects. Gonadotropin concentrations
were not elevated in the hypogonadal patients in our study,
and thus the primary defect in these patients would appear
to be either in the pituitary gland or hypothalamus. In fact,
the LH and FSH levels were significantly lower in the hy-
pogonadal group than the eugonadal group. This may sug-
gest that the cause of hypogonadism in these patients could
be decreased gonadotropin secretion. To rule out the possi-
bility that the cause of hypogonadotropic hyopogonadism
was a pituitary lesion, we carried out MRI in 10 randomly

FIG. 3. Correlation of FT (nmol/liter)
with BMI (kg/m2) and weight (kg).
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selected hypogonadal subjects. None of the MRIs showed
pituitary or hypothalamic abnormalities. Further resolution
of this defect was not possible because GnRH was no longer
available for testing. So we could not define whether the
defect originates in the pituitary or hypothalamus. However,
in our previous study on diabetic (type 2) patients with
erectile dysfunction, we had conducted some tests with
GnRH (15). These tests had revealed a normal LH and FSH
rise, suggesting a hypothalamic rather than a pituitary
defect.

The existence of a hypothalamic defect resulting in hy-
pogonadotropic hypogonadism in type 2 diabetes is of in-
terest in view of its association with insulin resistance. Neu-
ron-specific insulin receptor knockout (NIRKO) mice with a
specific knockout of the insulin receptor in neurons exhibit
hypogonadotropic hypogonadism (28). Plasma LH levels
were decreased by 60–90% in NIRKO mice compared with
controls. When these mice were injected with lupron, a
GnRH receptor agonist, they displayed a normal to 2-fold
increase in LH levels compared with control mice. These
mice also had increased adipose tissue and insulin resistance.

Metabolic syndrome, insulin resistance, and visceral obe-
sity have all been associated with low SHBG and low total
T levels in men (29, 30). Tsai et al. (21) found that in nondi-
abetic men, cFT and BT correlate inversely with regional and
overall body fat (measured by computed tomography and
dual-energy x-ray absorptiometry, respectively) as well as
with measures of insulin resistance [homeostasis model
assessment for insulin resistance (HOMA-IR), fasting insu-
lin]. However the association of cFT and BT with insulin
resistance was no longer significant when adjustments were
made for regional and total body fat. In our study, total T
correlated inversely with BMI (r � –0.327; P � 0.01). In a
multiple linear regression model using T, BMI, and SHBG,
both BMI and SHBG were independent predictors of T. Thus,
it seems that in diabetics, BMI has an effect on T indepen-
dently of SHBG concentrations.

It is believed that the low total T in obesity is caused by low
SHBG concentrations. However, FT levels have also been
found to be low in massively obese males, and the defect
appears to be at the hypothalamic or pituitary level. Zumoff
et al. (31) studied 48 healthy men (mean age, 33.2 yr) with BMI
ranging from 21–95 kg/m2 and found that both FT and
non-SHBG-bound T (calculated from T and SHBG) corre-
lated inversely with BMI. Vermeulen et al. (32) found that 35
obese men (mean BMI, 41.1 kg/m2) had significantly lower
FT levels than 54 lean men (0.31 vs. 0.42 nmol/liter). The FT
levels correlated inversely with BMI. They also compared LH
pulsatility over 12 h in eight obese and lean men and found
that the mean integrated LH levels over 12 h were signifi-
cantly lower in obese men. FT levels correlated positively
with the sum of LH pulse amplitudes in each individual (32).
It is remarkable that 57.9% of massively obese (BMI � 40)
patients in our study were hypogonadal. Furthermore, LH
levels in our study correlated significantly and positively
with FT concentrations (r � 0.287; P � 0.05). Thus, data from
the literature in humans and NIRKO mice and from our
study seem to suggest that obesity/insulin resistance is as-
sociated with hypogonadism and that the hypogonadism
appears to be hypogonadotropic in nature. Obesity is asso-

ciated with increased plasma levels of proinflammatory cy-
tokines such as TNF-�, IL-6, C-reactive protein, and adhesion
molecules (33–35). In this regard, it is interesting to note that
TNF-� and IL-1� have been shown to reduce hypothalamic
GnRH and LH secretion in animals and in vitro (36, 37).

In our study, both FT and BT correlated significantly with
BMI (r � –0.382 and –0.317, respectively). These data are the
first to show that FT (measured by ED) correlates inversely
with BMI in type 2 diabetics. However, on the basis of the
correlation coefficient, it can be derived that only 10–15% of
variability (r2) in FT can be explained by BMI. Furthermore,
a large number (31.3%) of lean subjects in our study were
hypogonadal. Thus, although obesity may explain part of the
high prevalence of hypogonadism, it is likely that other fac-
tors associated with type 2 diabetes also contribute signifi-
cantly. This area is clearly ripe for further investigation.

A diagnosis of hypogonadism commits the patient to life-
long androgen replacement therapy. Experts disagree on
how hypogonadism should be defined. Although in many
studies (including ours), hypogonadism is defined solely on
the basis of T levels, others argue that hypogonadism should
be defined by the presence of a clinical syndrome in asso-
ciation with low total T and FT levels. A practical bioassay
of T activity is not yet available. Furthermore, different
androgen-dependent physiological processes appear to re-
quire a different serum level of T (38). Serum T levels in the
lower range of normal are able to maintain aspects of sexual
functions, but muscle strength, muscle size, and fat-free mass
increase progressively in a dose-dependent fashion with in-
crease in circulating T concentrations even within the normal
range (39, 40). Because there is no clear consensus as to what
the normal range for total T should be, both diagnosis of
hypogonadism and monitoring of therapy after T treatment
pose problems.

Even fewer data are available for normal ranges of FT. In
our study, we found that if hypogonadism had been defined
as a total T of less than 300 ng/dl, there would have been 12%
false negatives and 36% false positives on the basis of low FT
(FT or cFT). Therefore, any patient with type 2 diabetes who
has a low or low normal T should have FT measured before
he is labeled as hypogonadal. Because the technique for ED
is cumbersome and not readily available, whereas cFT values
(using T and SHBG) are reliable, cFT can also be used instead
of FT in a clinical setting (41).

Hypogonadism is associated with an increase in fat mass,
decreased muscle mass, accelerated bone loss, and decreased
libido, and treatment with T results in improvement in these
parameters (42). The high prevalence of hypogonadism in
type 2 diabetes raises important issues about its possible
consequences on libido, erectile dysfunction, body muscu-
lature, abdominal adiposity, bone density, mood, and cog-
nition. It has been recently shown that T has an antiinflam-
matory and antiatherogenic effect in experimental animals
and in humans (43). This raises the question of whether T
deficiency can be proatherogenic. Thus, the question of T
replacement becomes an important issue. This question
needs to be addressed in prospective randomized studies
(44).

In conclusion, hypogonadotropic hypogonadism is a com-
mon defect in type 2 diabetes that requires further assess-
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ment in terms of the etiology of the defect and the possible
consequences, complications, and treatment.
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